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ABSTRACT L ,

-

This study'analyzes the hlstorical development and the future prospects of
' petroépemicals in "Canada; " The petrochemicals considered are ammonia,-
ibenzene. butadiene, ethylene ethylene glycol methanol, polyethylene.
polypropylene propylene, styrene, vinyl acetate and v1nyl chlor1de
‘Thesfastern Canadian“‘petrocnemical 1ndustry developed primarily as an
‘offsboot of the crude Gil vreflning 1ndustry at Montreal and Sarnla In
;Alberta taoﬂpetrochem1cal 1ndustry developed due to the ava1lab1l1ty of low
‘cost natural gas and the assoc1ated natural gas liquids.  Until 1916,
.because the capltal “and - tranSportatlon penalties' were greater than its
;‘feedstock cost advantages, the ”Alberta industry developed at a relatTVely
’slow pace. After _the 1973 world 011 pr)ce shock feedstock costs became an
}‘1ncrea51ngly domlnant component of ‘the petrpchemlcal price. In Canada
'domest1c 0il pr1ce was - set lower than the wor ld o1l price. In Alberta"the -
llfeedstock cést advantage offset the cap1tal and. transportat1on penalt1es

This spurred petrochem1cal act1v:ty in Canada ( Currently, it is a modern,

' mature 1ndustry

During the next three decades the issues that face the industry relate to

feedstock availabilityjsand cost, capita‘ availability and cost, product

prices and export markets. Using a linear'programming framevork'these
issues are studied. The. analysis shows that in the future the Eastern
%

ey



Canadian producers will continue tof sﬁpp]y the regionaf ammonia market and
fhe-‘domest1c as well as export 'm;rkets in aromaifcs.~ butadiene and
propylene; the Alberta producers willn continue to supply the regional and .
export market in ammonia and the tbtal ava1]ab1e markets in ;thylene_
dérivatiVes and methanol. ,;
Thé analysis shows that ‘restricting natural gas exports would not be
_beneficiall to the pe%rochemical industry  since it will result in
restricting@ihe subply of natural gas liquids. If the natural gas reserves
| are 19@0? than assumed in the base scenario, the Alberta petchHEmical
" industry will decline, ﬁince Fhe residential and commercial users as well
as the industrial energy users caﬁ putbid thevpetrochemical industry for
the ﬁatural gas. If capital availability is‘ restricted, the éost of
~capital proje;ts may'rise to the point where some marginal petrochemica1‘
prpjects are excluded. The deregulation of natural gas pr1ces w11] prove.
beneficial to FEastern Canad1an -ammonia producers .who will become more
compéfjtivé than the Alberta producers in the U.S.. Midwest market.

Lowering the pétroﬁhehical prices. will have é. major- adverse impact on
‘certain ethylene derivatives. Finally, ev;n in a]ternate modes of

operat1on using combinations of crude 0il and natural gas 11qu1ds Petrosar

"will not be competitive with the Alperta ethylene producers.

\\\\f\\\\\\\
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CHAPTER I: INTRODUCTION " '

Previous assessments of the ~prospects of:Canadian'petrochemicais have
adopted -the traditiona] procese economice methodology (23 24). This
approachiis necee§ary but'not sufficient. It shoild be coupled With an
anaiytical framework which encompasses the complementary and the
competitiye natures of the energy and the petrochemicai sectors. Such a

framework can be~used to gain 1nSlghtS “into how the sector will react
under different scenarios. ,rSuchv insights are useful for&pianners and
'ooiicy makers in government and ~ industry. An‘ana]yticai framework has
been developed for"Aiherta but has been uéedvprimariiy to study energy

issues (101). In'this thesis the framework has been expanded and been
used to assess the 1ong term pnospects of Canadian petrochemicais under

, various scenarios. . ' o

’

In order to ‘identifyi piauéibie' scenarioe‘ it 15 necessary'to‘haveva
proper understanding of the present structure of the<petrochemieai
industry and the issues that piayed , role in its‘development. kIn two
excei]ent surveys donehln 1949 and 1970 the.evolution of the Canadian
petrochemicai industry is described‘(135{13§). | Their va]ue Ties in. the
“identification of the relevant 1s§ué£; for \exampie the role of the
second worid‘war and.the‘impact 'offnew'chemicai:technO]ogies. However,

they are outdated and are lacking in statistiealrdata.

I

For a quantitative framework . it s necesSary to have a comprehensive
statistical data base. For‘ Canadian‘ petroehemicals, the data base_is
. inadequate. The Statistics ‘Canada'-data base, kfor confidentiality

“ reasons, is neither comprehensive" nor sufficiently disaggregated’ '
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(131,132). In this thesis, qualitative and quantitative data has been

‘

extracted from various chemical. engineering pubiications.‘ An upda;ed

history and statistical data base are presented in‘the nexfﬁchaptér.

They form the basis for the subsequent analysis.

Thus, the novel and'unique features of this thesis are the’jdeﬁtifﬁcaf
| tion of the issues that have pTayed key roles in the evoTufion of the.
Canadian petrochemical industry and an analysis of these issues using a.

proper analytical framework, in order to assess its long-term prospects.

The‘central theme of the'thesjs is  that in sbjtéiof'temporary'aberrq-
tions, the evolution of the 'Canadjan pétrqchemica] 1ﬁdu$t}y~hasbbeen
logical and;réfional. Therefore. it is perfettly'reésonablé tgyexpect
future evolutﬁon of the industry  to "beé based on fundamentql fechnipa]

-

and economic considerations.

The search for. a proper analytical framework begah‘ with a study of
formal mathematica1  techniques.,:the essentfa] elements of which are
bresented in Chapter III.- . It revealed _thét_for ]ontherm ana]ysfs-av
C]airvoyant; optimizing technique, wherein crisesA could be averted by
peffect knowledge about thé&jfuture, was hbre appropriéte than trend-
ana]ysi; techniques which 1acked‘ appropriate. feé&béck mechaniéms. Due-
'»to the size .of the problém under investigation, gé%éral equilibrium
- modelling wheréin all factors of producfion are in eqUi]iBrium with each
other, was not considered suitable since the computing timés would have

been excessive. Partial equilibrium modelling, based on an optimization

¢



technique, was used. Of all the optimizing techniques, ljnearfprogramy‘

vy

.9? eemphter ‘scftware packages which facilitated data input and had

report generation capabilities.add'The computer software used was the

- Haverly Systems MAGEN package (73); ii is described in:Appendix AT

i

Next, 1n'onder_to ident ify the features that ought to be included in the

. ana]yficaﬁ'framework the dvai]ab1e dptimiiation mode1s were examined.

They were prlmar11y energy mode]s but the features 1dent1f1ed could a1so‘

be used in an- energy petrochem1ca1 sector~ ana]ys1s The -survey of the :

:mode1§ 15 presented in Chapter IV.. The only ‘model devoted exclus1ve1y,

to the petrdchenical 1ndustgy- was intended to a§§ess tne.potentiaJ of
new technologies being developed in ‘the United states-(121y127;128).
D Its use as an ana1ytica1 frameyprk_ for the purposedof this thesis was
not feasible. The onﬂy iénérgy-betrdthem}c&]' sector .analysis was a
regional one,(}39)'which lacked .suff{cient detail to study the. issues

.identified in Cnapter IT. 1t was selected for'further deve laopment .

Its further Hevelopment involved the introduction of an Eastern Canadian

petrochemicdl production centre, five market regions for-petrOchem?ca]s,"

nine market/regions for natural gas, exp]ic{t transportation and tariff

schemes, explicit natural gas liquids ~streams and'a more comprehensive

set of petrochemicals.

t

The mode/l optﬁqﬂzes ‘a future course of development, stdrtind with

conditions.. An existing plant will continue to operate if it

be

can meet its.cash costs only; all capital costs are treated as sunk

o,
s

ming was selected becau§e of its solution efficiency and the existence ™



.

eos{s. _Thqs, eiistingAerfts) were permjtted(to operate under capacity
The mbdified mode 1 provideev ai cemprehensive flexible framework with
whlch to study the long term prespects of Canadian petrochemicals.

| . T
In Chapter Vv, the mein'features .of the mode1 are described. - The model
equations haQe been inc]eded in Appendix 'B'. ‘?nithapter VI, the petro-

chemicals and energy data base used in the analysis is presented.

Using the analytical framework and data base, a 'base’ or 'reference’
scenario was-established against which various other scenarios could, be
compared. The mode} results for the base ecehario'are'presented 1n_

Chapter VII.

U51ng seven d1fferent scenarios, the ~impact of certain key parameters .
_was investigated. Compar1sons of these scenarioe“ results to.the bese
bscenario results are presented in Chapter VIII. The effects ‘of the key
parameters on 1nd1v1da@] petrochem1ca1s are presented in Chapter IX.

. !5!." .
Finally, in Chapter X the iong—term prospects of Canadianipetrochemicals

;qre asseseed in terms of the issues that will affect their development .



Wor1d Naf 11 precipitqtéd the Canadian petrochemical industry. The néed
for explosives and synthetic rubber resulted in the constructfpn of the
world's first ngtura] gas basgﬁjammonia plant in Alperta and onevof‘the
world's first synthetic (rubberﬁ plants at‘ Sarnia.  Since the Eastern
Canadian industry was dependent on fefinery off-gases, its deve]opment
.occurred in the major refining centres, Sarnia and Montreal. T%e '
Albéfta petrochemical 1ndUstfy was based on natural gas and natural gas
11QUids‘(NGLs). Thus, feedstock availability was a primary factor in
the‘déve1opment bf the Canadian»petrdchemica] industry.” .
The ihdustry was expected to geep pace with the rapid rate of develop--
ment,;? the U.S: petrochemica] indUstry.l It grew. but not nearly as
rapidly.lfAnaJysts (65,67.74,91,92,122) haye blamed fh%s on the fo]fdw—

" ing factors:

1. gméll domestic markets; .
é. ineffective domestic tariff barriers and- high foreién»'tariff
bdrr{ers; l | ’
3. higH transportation costs;
- 4. hjgﬁ_congfruction costs and the lack of capital;
5. an'excesgive number of small plants usihg outmoded technology; and
'6.~'unimaginative‘foreign ownership.

‘The evolution of  the Canadian petrochemical industry is examined in

context of these factors.



1. Smalil Domestlc Markets '

Small regional markets certainly piayed arole fn_the development of the
Albenta ammonia, methanol and ethylene-based industries. Ammonia pro-
duction depended on the development of the Western Canedian fertilizer

industry; methano] was dependent on the use of formaldehyde in the

forest industries and ethylene production was .restricted to one small

ethane-based plant at Edmonton.

With larger regional markets, the petrochemical industry deve]oped mor e
rapidly in Eastern Canada than in ~Alberta. As shown in Figure 1, in
1960 Eastern Canada accounted for b58.67 of the Canadian primary netro-_

chemical capacity.

2. Tariff Barriers

- Tariff barriers p]ayed a significant but 'not domfnant role in the

development of the industry. There was no U.S. tariff barrier on
ammonia but the high ammonia capital “and 'fransportation pena1ties

11m1ted ammonia exports from A]berta to the United States until the mid-

’ 1970 s, when the pena1t1es were offset by the feedstock cost advantage

in A]berta. The U.S. tariff barrier on ethylene derivatives was higher
than the correspond1ng Canadian barrier (87). Canadian producers

supp}fed the domestic market but were effectively denied access to the

U.S. ethylene derivatives market. However, even with no such barrier

the Eastern Canadian producers would have had to compete for the North-

eastern U.S. markets with the larger, cheaper U.S. Gulf Coast plants.
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Figqre 1. Canadian Primary Petrochem}ic‘aljgCapab‘it_y
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3. Transportation Costs

o

Trgnsportation costs played a kéy role 1in the developﬁent of the
industry. Due to the high transportation costs 1nv§1ved, inithe early
1950's Alberta could not cohpete in British Columbia and Ontario witH
the we]]-egtablished inorganics-based ammonia industry existing in those
pfovinces (111). In.the 1960's, with pipeline access to Alberta natural
gas, the Eastern Canadian ammonia industryv expanded. Due to access to
cheap fofeign oil, otﬁer sectors of the Eastern Canadian pefrochem{ca]'
industry also expanded. Alberta's pétrdchemica].cépacity—shére dropped
to 27.1% in 1966 and reached its lowest point in 1972 at 22.3% (Figure
.1). The situation persisted until the mid-1§70's when Alberta's
feedstock cost advantage ffnally of fset fhe trénsportation and capita]A

!

penalties. » L .

4. Caplta] Costs

High capital costs played g key role in the development of £he 1ndu;try.
Capité] costs in Eastern Canada were ~157 highe; than at the U.S. Gulf
Coast. Capital costs in Alberta Qere 107 higher than in Eaétern Canada
(53). Consider the production costs of ammonia in Alberta showﬁ in
Table 1; the values are estimates, based on actual natural gas prices
(19). current capital costs deflated by the'CHemical Engineering index
- and the current operating costs deflated by the CPI index. In 1953,
capital costs and natural gas costs contributed 54.84% and 11.80%

respectively to the broduction costs. In Eastern Canada the capital

s Arriminm +tha eama nnaratina rnctce at



1953 1958 1963‘ 1968 1973 1978 1983

Kl

Capital

Costs (MM$/y) | 7.25 8.23 8.76 9.72  12.33 18.72° 27.11
(%) * (54.84) (57.14) (54.41) (53.79) (47.50) (35.16) (29.78)

Operating - \ .

Costs (MM$/y) 4.41 4.79 5.09 5.94 '7.43 - 11.55° 18.3
(7) (33.36) (32.68) (31.61) (32.87) (28.62) (21.69) (20.11)

Natural Gas . R
Costs (MM$/y) 1.56  1.61 2.25° 2.41 - 6.20 22.97 45.61
() | (11.80) (10.78) (13.98) (13.34) (23.88) (43.15) (50.11)

e

Table 1: Production Costs of Ammonia in A]berta
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The capital to feedstocks cost ratio declined from 3.89 in 1963 to 1.99

n 1973‘an8 then to 0.59 in 1983. As this occurred, it became increas-
ingly attractive to build such plants in Alberta; As shown in Figure 1.
Alberta's petrochemical capacity share increased from 22.3% 1in 19724to
33.17 in 1978 and then to 58.59 in 1984,

*

5. Small Plants

The number. of Canadian plants and their average size for ammonia,
methanol and ethylene is shown in Table 2. The data 5néicates that the
number of these‘blants has not changed much since 1963. However, the
aVerage plant size has incréased substantially. This 1s because the
Canadian petrochemical industry upgraJZd to world-scale plants in the

mid-1970"'s.

6: Ownership

Unti) the mid-1970's two-thirds ‘of the Canadian petrochemical industry
was under}foreign ownership (22). Since then, a number of domestic
companies (Nova, _ATlarco, Ocelot, Petrosar) .have begun to play an
increasingly important role. But to attribute the ;ejuvenation of the

industry to mainly this factor is not correct.

The 1973 world oil crisis revived the'Canadiqn petrpchemica]-industry.
As shown in Table 1. ‘the shakp rise in feedstock price made it the'
4dom1nant petrochemica]ﬁfost cohbonent. Sinte Canada chése to maintain
its domestic oil prices be]oy world oil pr{ces and because of %tskre1a—

tively secure feedstock ;avai]abi]ity;‘ Canada _began to look Vvery

attractive to investors.

S o .

10



1963 1968 1973
Average Average Average
# Size # Size # Size
(KT/y) (KT/y) (KT/y)
Ammonia 8 74 10 131 3 10 129
H
Methanol 1 - 23 3 28 1 45
Ethylene 6 38 6 70 4 132
¢
™ —_ - _——— - ——
TOTAL 15 19 15
Table 2:

Sizes of Canadian Plants

11

-
1978 1983
Average Average
#  Size # Size
(KT/y) (KT/y)

2 203 3 633

16 - : 17

Some Petrochemicals: Number and Average
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The perception in“Ontario was ‘that because of its access to cheaper
). - . . i

DI
W @

Alberta oil és'compared ,tb‘ 6H1 imported at wor]ﬁ pfi;es. a chemical
refinery at Sérnia was'feasib1eii The Ontarid entrepreneurs had incor-
féct]§*tbncluded~théf their;major Canadian competition couyld continue to
be frombMohtreai.. ~ From 1962 onwards, due to the policy (46) that
markets west of ihe Ottqqa Val]gy had to be served by the more expensive
Albérta oil whergésAareas east of the valley could use CheabervimpoTted
Aloi1, the Safnja .refigefies had' been. protected from.competitioh froh
Montreal refinerQ. As shown 1; Figure 2, this»pblicy gaused Sarnia to
. ﬁaintain its ref%n{ng cqpacity  share with.ité attendant petrochemicé]
spinoffs. ‘In 1%73, with the AOmesgic. pr?ces set lower than world o1l
pricés‘ Sarhia %eft, that its future wag- assured. However, it soon

: i . : :
developed that.the competition came from the natural gas based Alberta

Al

1ndust#y.

Compare the petrochemical feedstocks, 0il1 and- gas; due to its low

trahspbrtation costs, there is a fairly wuniform world price for crude_
. N . A

0il. On the other hénd, the transportation costs-of natural gas are

re1afive1y high; its price is set in competition with fuel o1l and elec-

tricity'in the major consuming. centres. In quth America the major
’pbpdlation and “industrial areas are a]bng théﬂcoasts of the Great Lakes,
and the Atlantic and éaciffc Oceans. AExcept for the U.S. Gulf Coast,
sﬁcﬁ areas are.gené¢a11y far from ‘thé gas’pfoaucing regions.  The gas
pr%ces in the producing regions - are lower énd thevpefroche£fca] plants’
located in such " areas énjoy a! feedstock ;dvantage over the plants

PRS SOR

: QT . X ‘ .
“locdted in-the major consuming centres. o
. £ . . - : . . .
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Furthermore, associated with natural gas product1on 15 the product1on of *

‘ethane and the natural gas -liquids (propane, butane and condensates).
The natura] g@s 11quids compete . in the transportation and the portap]e
heating fuel markets; due‘to this, compared to natural gas'and ethane.
they are a prenium product. As an example, wuntil recentty in New
Zealand, which has no domestic crude .oil~_supp]1es, the natura1 gas

liquids were produced, whereas the natural gas was flared. Tne ethane

‘can either be converted to ethylene. synthetic'natural gas or remain an

unextracted component of natural gas..

In Alberta, until the nid—1970's. only a small fract}on of the ethene
was extracted for an Edmonton—based‘ ethylene .plant; Asithe.feedstock
cost advantage oecame incréaSingly greater, etnanefextraction p]ants and
then a world-scale ethylene plant and an ethane/ethylene. pipeline to the

East were constructed in Alberta. = As shown in Figure 1, 1in the 1980 s

P

A]berta displaced Ontario as the maJor Canadian petrochem1ca1s produc1ng

prov1nce.

In Eastern Canada, the startup of the cnemica] refinery'(Petrosar) was

followed in 1979 by the second. world oil price shock: With the large

dtfferentia] between world and regulated domest1c o1l pricés, the |

initial years of: operation of the plant were prof1tab1e In the early
1980's a world wtde recession"caused the -world oil prices‘to decline
whereas thekregu1eted domeStic_ prices kept r1s1ng the combined 1mpact
of the receseion and vthe lower d1fferent1a1 caused Petrosar to exper-

ience severe losses. Currently. it has commenced a study on.the use of

14
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natural gas liquids feedstpcks (85). Under present circumstances in

‘Canada the production of oil-based petrochemicals is limited by the -

demand for refined-o0il products. :!
The lesson fof an 1nvestor is that for large capital projects. amortized
over .long periods. it is unwise to fé]y on current government po]ifiés,
i.e. to build plants on the basfs of >government subsid?és which are
‘likely to change every few years. A project viab]e under its own terms
has far fewer ﬁolitic%%)risks than one that, in order to be profitable,

requires -cort inued government intervention. -
’ . ‘\ { .

In the following paragraphs, a brief history of the individual petro-

chemicals 1s presented.

A. Ammonia ' ¢

R | . A

“Ammonia.-is made up of nitrogen and'hydkogen atoms. Atmospheric nitrogen

is availabie everywhere; Therefore, the ' plant location depénds on the

hydrogen source. ’Prior to World . War II, an inorganics-based ammonia

ﬁndustry‘was well establishééfjn Ontario and British Columbia.

The first natural ‘gas based ammonia plant was built in 1941 near

Calgary, Alberta, to provide ammonium nitrate for explosives. After the

~war‘the,governmeht sold the ﬁ]ant to a private company. The company

developed a fertilizer market for its product. Its success led to the

construction of two more ammonia plants in Alberta (52).

15



As shown.in Figure 3, in 1960 51.7¢% éf the Canadian ammonia capacity was
in Alberta. 1In the late 1950's. access to Alberta gas via pipeiines in
Ontario gaQe_imbetus to the ammonia_-industry there. The Ontario pro-
ducers reasoned that since it Qas éheaper to pipeline natural gas than

to transport ammonia by‘ rail, their domestic market was adequately

protected and furthermore, they ought to be able to enter the U.S. ‘Mid-

west market. New capacity was introduced by all four major Ontario

7producers. causing a surge in capacity (Figure 4). There was a corres-

ponding surge in exports (Figure 5). Some capacity had been introduced

in Alberta, but in 1966 Ontario had surpassed Alberta as the principal

ammonia producer.

’

In thg:late 1960's in the midst of 'a wor ldwide surpius of ammonia

' capacity new plants were started in Manitoba and Alberta. The capacity

sufge caused a serious overcapacity problem which lasted until the early

11970 (Fﬁguré 4). This caused the moth-balling of a plant in Sarnia.

¥

In 1974-75, the fertilizer market suddenly turned buoyant. Prices

increased by one-third. As shown in Figure 5, Canadian ammonia exports

increased substantially. The moth-balled Sarnia plant was moved to -

Courtright and it operated unffl 1978 when another domestic over-
capacity prob]ém fofﬁed‘it té shut down. |

~ :
In 1974 a nﬁmber.of ne& p]énts were planned in Alberta. To alleviate
the high transportation costs problem, Coﬁsideration was éiven to build-
5ng an ammonia pipeline to the United Sfateé (34). In 1976 "two wor ld-
scale ammonia plants came onstream -inv Alberta. causing a capacity

surplus just as exports to the U.S. peaked at -600 KT/y.

16
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Alberta -
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1674.0 KT
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1984
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In Tab]e 3, static life index is  defined as the ratio of natural gas

reserves at year-end to the annual production. As shown in this table,

in the mid-1970's the static 1life- index for natural gas had declined.

from 39 years to 24.1 years. There was a brief natural gas supply

shortage scare (104) during‘whicthlberta'ammonia producer§ signed long-
term contracts for natufa] gas‘at relatively high prices;_due.to'this'a
number of export—ofiented probosals lost thefr U.S. partners (80):
Thus, the percéption abo&t natural gas reserves affected the déve]opment

of the Canadian ammonia industry.

Betweén 1977 and 1980 total U.S. ammonia imports doubled (26). As shown

1n-Figyre'5; Canada did not capfuﬁe the,ﬁncrementaT import market.

As shown 'in Table 3, by 1978 the natural gaé static Tife index'had
incredased-to 31.6 years. Ammonia capacity expansion schemes .were
resumed vn Alberta and Ontario. In 1983, when the Alberta plant expan-

siohs came onstream, the market had declined (Figﬁre 4). The new plants

_operated -intermittently untij.  in 1984 the -market improved. ammonia

prices almost doubled and ﬁhe new p1ahts beganAopératingAat capacity.

This history shows that the "petrochemica1_ market s volatile. Sharp
price fluctuations are not unexpected. Thgrefore.aan issue worth inves-
tigation is the impact of petfochemical pfice'f]uctuations on the future

development of petrochemicals.

18



v - 1963 1968
Reserves (TCF) 33 8%

Production (TCFy) 0.85 1.41
Static Life Index (y) 39.0 - 39.0Q

Table 3: Natural Gas Reserves

1973 1978
61 82
I
2,53 2.60
24.1 316

and Production (19)

1983

92.3

2.21

41.7

19
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B. Methanol

During the 1960's the U.S. methanol product ion more than doubled (9).
Canadian methénol production did not emulate the U.S. pattern. The
domestic market was limited and fhe U.S. tariff barrier was high.

,Unti]vthe late 1960's the oé]y Canadian méthano] plant, at Edmonton,
recovered methanol from the oxidation of natural gas liquids. There-
fore, Alberta had 1007 of the Canadian metﬁanol capacity (Figure 6).
Eastefn Canada imported meihano]_from the United States (11), until two
naphtﬁa—based p]ants came onstream at . Cornwall, Ontario and Montreal,

Quebec.

Due to the relatively few producers, methanol prodUction data is not

available (Figure 7). However, during- the operation of the Montreal

plant, Canada exported-methénoT (Figure 8). ~In‘the early 1970's, during

a period of world methano] surplus, the Edmonton and Montreal plants
were shut down. The Edmonton plant was shut down because of outmoded

. ) k)
technology whereas the relatively new but small Montreal plant lacked

‘the economy of scale necessary to be able to competé in the eiport

market .

Untit 1973. methanol feedstocks were naphtha and natural gas liquids.
It was used in the manufacture of formaldehyde and industrial solvents.
After 1973 came the realization that methano)l "was reformed natural gas -
in a more transportable form" (17). Natural gas has been the feedstock

&

of all methanol plants constructed since then.
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CANADIAN METHANOL STATISTICS
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An Alberta-based consortium constructed a pltant at Medicine Hat,
AlbeAta, and aggressively entered the U.S. market (17). Its market
success, combined with the demand for methanol in Japan (37), resulted
in md§e proposa1s for export-oriented methanol plants. However, like
.ammonia. methanol was also affected .by the natural gas supply shortage

iy

scare, Cohsideratlon was given to wusing a coal feedstock but natural

gas was shown to be the preferred feedstock'(90)x

In 1978, U.S. producérs brought a dumping action against the Medicine
Hat plant. They c]aimed that its feed%tock was being subsidized, s%nce
the ﬁatural gas was priced lower than its export price. The é]aim was
‘unsuccessful since. the company owned its natural gas. Later, fhe
capacity at the Medjcine Hat plant Qas double&. Tﬁe construction of

export-oriented methanol plants at Edmonton. Alberta. and Kitimat,

British Columbia commenced.

In the early 1980's a West German consortium planned to build in Alberta

a methanol plant which was to be three times the size of the Edmonton

plant. The product was intended exclusively for the West German fuel

market .

‘The new méthano] plants at Edmonton and .Kitimat came onstream in the
early 1980's. This resulted in a methanol capacity over six times the
domest ic ConsUmption (Figure‘6). - The' recession caused ﬁethano] prices
to decline. The Canadian plants’ Qperated at near-capacity but, due to

the depressed prices. made almost no profit; (31).
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U.S. tariff on methanol imported for chemical-related use 15 204,
whereas on methanol imported for fuel-related wuse there 1s no tariff.
Canadian exports to the U.S. ére intended primarily for chemicaf—reiated
use. In spite of this tariff, Canadian methano] is competitive in the

U.S. market and has forced some U.S. methanol plants to shut down.

This history shows the competitive nature of the petrochemical market,
where a plant at FEdmonton continues to operate while its U.S. owners

have shut down their thirteen year old Texas plant (27).

It js_interesting to compare the development of ammonia and methanol in
Canada. Ammonid grew with the domestic fertilizer market: with tariff-
free access to the U.S. market. it did well aff;r the mid 1970's.
Methéno] lacked a major domestic market:; its major development occurred

only when Alberta entrepreneurs,, perceiving a growing feedstock advan-

tage, pushed it aggressively in the export markets.

Methanol's future development in Canada is tied to the development of

its fuel-related market, both domestic and export. However, the compe-
<

tition will be severe from Pacific Rim countries which have a surplus of

natural gas., since they have no alternate uses for their gas.

C. Ethxlene and its Derivatives

Whereas ammonia and methanol were relatively established chemicals in
the early twentieth century, ethylene was first used in Canada in the
early 1940's in the manufacture of synthetic rubber at Sarnia. It was

-

extracted from refinery off¥gases (136).
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‘they chose the nﬁphtﬁé route. The Kirk-Othmer (89) analysis for U.S.

in the early 1950's an ethénefbased plant - QaS‘started h} Edmonton ands
oil-based plants were started in Sarnia and Montreal. Naphtha crackers

were brought onstream at Sarnia in 1958 and at Montreal in 1963.

| . ’

‘As shown 1n' Table 3, the  1960's Alberta .natural gas production was
around 1 TCF/year. Sufficient ethane could have been extracted to

provide feedstock for the eastern, Cénadian léthy]ene plants. However,

v

L

plants was applicable to the Eastern plants: '"Ethane shows the least

‘1nvestment and annual operating costs, ‘but also offers the lowest éross

margin (de%ined as the différence. between produCt_‘sales‘revenué and

[

feedstock cost). This combination of effects makes ethaqe the least

%

- desirable feedstock, measured By the chiterion ‘of percent cash flow on

tot§1_investment, after taxes."

Kirk-Othmer's analysis is shown in Table 4.  The return on investment
for all feedstocks was above 30%; 'However, because of higher co-product

",

revenues, propane énd naphfha were the prefefféd feedstocks. _ N

AIn‘tHe early 1960'5, proximity to ihe wdr]d'markets gave the Montreal

refiners a modest cost advantage. As shown in Figuréi9, they increased
. ‘ A 5 _ :

their ethylene'capaéity share from 34.67 in 1960 to 43.2% in 1966.

Sarnia producers countered this by opting for- a stéged capacity

increase, based on surplus refinery-propane.

’
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Ethylene Feedstocdk*

Ethane . Propane - Naphtha

/ (MM$/y) (MM$/y) v (MM$/y)
1. Feedstock Cost - 4.30 4.92 14.08
2.. Products Revenue 12.77 - 16.46 27.00
3. Gross Margin 8.47 11.54 12.92
4. Capital Costs 0.97 1.09 © 1023
5. Operating Costs. 221 2.46 2.85

6. Total o318 355 408
Gross Income (3) - (6) . 5.29 . 7.99  8.84

Income Taxes at 487 - -2.54 | -3.84 C-4.24
[ S oo
Net Income .75 4.15 4.60
Depreciation . = 0.97 109 -~ 1.23
Cash Flow 3.72 - 5.24 5.83
Return on Investment 30.07 38.05 ©38.01

- *Ethylene Production = 113.4 KT/year. 85

;

Table 4: Economics of Ethylene Production in 1966 (89)
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Figure 9. Canadian Ethylene Capacity

|

Quebec |
154 KT |
(34.6%)

Ontario
84 KT
(53.8%)

iberta
18 KT
11.5%)

Ontario
138 KT,
(48.1%)

\227.0 KT
(10.5%)
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If there had been sufficient regional demand, the return on investment

values in Table 4 show that the ethane—b§§ed Alberta industry Wou]d»have

' developed. However, through the 1950's and 1960's. due to low regional
demand and a lack of economic access to the major markets, the Alberta

etﬁy]ene industry stagnated.

As shown in Figure 10, in 1969 there was a surplus of ethylene capacity

in Canada (77,78). Yet there were plans fdrmqaphtha-based plants in

Ontario and the Atlantic Provinces. The refineﬁ%éobjected, since they
: ‘ N ‘

felt that the ethylene co-products would compeq‘ with their products

(79) .

competitive nature of the petroleum and petrochemicé]‘gpctors.

‘ . o S
In the early 1970's. a sma]_l Ontario p‘ shut down. Eth\&]ene. imports

o

grew faster than exports Cﬁﬁgpre.ll). The need for a new et@y]ehe plant
resulted in the ~chemical 'réfinery probosa] called Sarnia olefins and

aromatics project. "SOAP" (16).

Since a synthetic rubber producer was interest in a domestic butadiene
source, the SOAP consort ium rejected ‘ethane as a feedstock. Unable to

get a Satisfactory long-term naphtha supply, the consortium decided to

use crude oil (12). Three chemical companies with no petroleum market-

ing experience decided to compete with the tfaditiona] refiners.

The proposed plants were never built. Tﬁﬁk\exémple shows the
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FIGURE 10. CANADIAN ETHYLENE STATISTICS
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I The SOAP proposdJ was opposed on three fronts (16,33,126):

a. in Quebec, the ethylene producers perceived it as a major competitor

and voiced objections to the use of federal subsidies;

b. jn'Alberta, the provincial government perteived it as a threat to

plans for ethane—based'ethy]ene plants. The Premier publicly stated

that it was unfair to provide ‘cheap Alberta oil for the SOAP plant

when its product would ~compete with the unsubsidized ethane-based

Alberta plants;

c. 1in Sarnié, producers felt that the propane-based staged-capacity

increase was more viable than the SOAP proposal and also voiced

objections to the use of federal subsidies.

Q : ‘ :
The federal government allayed the Quebec .and Sarnia producers.’ fears by

stating that there would be no subsidies for SOAP.FYThe SOAP consortium

countered Alberta's arguments by stating that there was domestic demand

. for the co—pfoducts of a naphthafbaﬁed plant. The consortium had consi-

Ararad a cambhtho karad.alacd Zo AVTL ced o Lok Lo e o —a e ia ua -,
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The Alberta government received a - prgposa] to construct a world-scale
- ethane-based ethylene plant. The ethylene would be shipped out of the

province via the Cochin pipeline. Another proposal, wherein the

'ethy]ene would be upgraded -within ‘the ﬁfbVince, was received. The .

'brovinéial government‘favored the latter proposal.

By 1975, the Alberta Qovernﬁenf felt .that"Petrosarb'and two Alberta
‘éthaneébaﬁed plants could not be brought onstream simultaneously. It

requested the two’ éompeting groUps in. Alberta to submit a joint

Jpropbsal.A~This was 'done and ~approved by the proVincia]'government'in

. »
1975,

}, In 1977 the Petnasar plant came onstream (18). 1t had beég 1ntendedlto
use 170,000 barrels/day crude oil. :It héd.difficu1ty marketing the
heavyifuel oj] product due to competition from the traditional refiners
and frdm natufa] gés and e]egtricity,, In 1975, Petrosar decidéd to

reduce the heavy fde1 0il output by 1switch1ng to 100,000 barrels/day

Alberta crude 'oil and ;20,000 barrels/day A]berta condensate. In late-

1979, the A1berta‘ethylene p]ént came onstream at Joffre. Canada began

: éxpohting_]arge volumes of ethylene (Figure 11).

- When the new Ontario and_ Alberta plants came 6nstream, the existing

ethylene p]@nt$ in Montreal were consolidated under the newly-formed

Petromont. As long as the etﬁy]ene expoft market boomed, they felt ‘that

they could remain viable.
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ln the early 1980's the situation looked so good in Alberta that serious

consideration was given”to accelerating the construction schedule of two

additional wérld-sca]e ethylene p]aﬁté proposed by the cbnsortjum that
built the first plant.' Another consortium also submitted a proposal for

an ethylene plant to the Alberta government.  However, the recession

started and the ethylene -markets declined ‘(Figures 10 and 11). The

latter proposal was shelved (59).

In 1982, U.S. Gulf Coast ethylene prices declined by about one-third
(25). The declining ethylene prices had caused feedstock prices to
decline correspondingly. In Alberta, the ethane price tied to the

A]berta‘bdrdef'price for natural gas kept esca]étiag. Cénadian ethylene

‘capacity uti]ization.dropped' to 59. (61)\ This anomaly exposed the

jnf]exiblé nature .of the Alberta ethane pricing arrangement. In 1982,

ethylene exports to the U.S. were negligible.

In 1982, the E;stern plants, Petrosar and'Petromont, askeﬁ the federal
government for a $7/barrel'sUbsidy on \thqir‘cfude 0il feedstock.; Since
the federal government'.had ‘previous1y. assured their competitors>that
vtheré would be no subsidy, it respbnded by offering Petrosar a $25

million loan guarantee and Petromont a $25 million loan, provided their

respective provincial governments matched the.offer. Petromont abcep{ed-
the loan but Petrosar did not, Sinceiit felt qiloén guarantﬁe helped the

’ 1ender and‘not the borrower.’ Both plants continued to operate.



In 1984, the heavy operating Jlosses of Petromont resulted in the with-

drawal of one consortium member, which gave up its share to it erstwhile
. # ! .

partners for a nominal amount (62). Petrosar also experienced heavy

operating losses. It began to look for é]ternative feedstocks; specifi-

cally, it investigated the feasibility of wusing a combination of crude.
0il and natural gas liquids. It wqhted thé federal government to assure

‘that there would be adequate propane and butane supplies for its plant

by restricting. if necessary, the export of these natura]-gés 1iQU1ds.

The federal government has not yet reacted to their recommendation.

The issue is about opportunity values. In the domestic and export

markets propane and butane have high- opportunity values as fuels.

- Restricting their exports in order to satisfy a lower valued use as a

petrochemical feedﬁtock'wou1d not be economical.  Apparently., that is

the problem faced by the federal government.-.

[3

Furthermore, the second Alberta éthyiene ‘planf came onstream in 1984.

~ Subsidizing natural gas ‘liquids feedstocks in order that the Eastern

Canadién‘p1ants can competéh with the two Alberta plants would raise
difficult regional issues.  In this thesis the natural gas liquids
option for Petrosar is further investigated on a strictly economic

basis.

Polyethylene was commércia?ﬁ;ed 1n'1941 for wartime use. It§ Canadian

production started in the early 1950's at Edmonton, Moﬁtreal and Sarnia.
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Its initial growth rate was 20%/yéar but the small domestic market was
easily saturated and high tariffs made it difficult to penetrate the

el

export market.

During the 1960's, Alberta product{on stagnated at around 30 KT/y. 1In

the East, there was steady expansion. However, dué to the higher pro-

duction costs compared to the U.S. Gulf Coast and the lower Canadian

tariff parrier the profitability of this petrochemicél was very 1ow'and
in the late 1960"s, during ~a period of world-wide overcapacity, Canada

was the only developed country that had to import polyethylene (21).

As shown in Figure 13, polyethylene imports peaked in 1974 at around 100

KT. The differentiaT between the world and domestic oil prices improved

the profitabilities of anadian petrochemicals. In Eastern Canada.

plant expansions and _new plant construction occurred. ﬁeasibi]jty

studies for polyethylene plants in Alberta were done by two private

companies (75).
The two compahies~ did not like the cost-of-service ethylgne prjcing
arrangement which tied ethylene price. through ethane, to the regulated
Alberta border price' for natural gas. They préferr¢d< a price for
'ethy1ene tied nbt to . the Alberta border price but to the deregu]atéd

market price for natural -gas wused by industry. ‘The two companies

shelved their Alberta polyethylene plans.

3y



With feedstock from Petrosar, a world-scale polyethylene plant was

started in Sarria. This caused a capacity surge (Figure 12). In 1978.

polyethylene exports finally exceeded imports (Figure 13).

In the early 1980's, plans were announced in Sarnia for two ma jor

¢

capacity expansions and a new polyethylene plant. In Alberta two new
world-scale plants were planned. The reason for this was the avail-
ability of a domestic ethylene. If all the plans had reached fruition

the polyethylene capacity surplus would have increased. from 19.4% in
1980 to 59.27 in 1984 (119). Due’ to the recession, the Sarnia plant
expansion plans and plans for one new Alberta pTant wefe deferred. The
new Sarnia plant -came onstream in 1983 and’ the Alberta plant came
onstream the follqwfng year. Two—fhirdsvof the latter's production was

contracted for long-term‘exports to the United States (60).

With world-scale plants and a relatively secure feedstock supply situaf

tion it remains a growth petrochemical in Canada.

C2. Ethylene Glycol

Ethylene glycol was commercialized in" .1923. . One of its principal uses

was as an antifreeze in'autqmobiTes. Aggressi&e marketing made it “one
of the most powerful forces in the establishment of the U.S. petrochem-

ical industry” (4). The first Canadian plant was built in Sarnia in

1040 Tuw $ha —aXad.. tArA~ 2 - Sae
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In 1961, while the export market was shrinking (107) an ethylene glycol
plant was brought onstream at Montreal. There was a slight surplus of
this petrochemical due to relatively static demand until the 1970's
(Figure 14).

In 1975 there was a hajor supply shortage and ethylene g]yco]vimports
peaked at around 30 KT (Figure 16). In the following year plant expan-

sions resulted in a smal) capacity surplus. In the late 1970's exports

and imports were balanced.

In 1983 a world-scale ethyTene g1ycol plant came onsfream in Alberta.
'.It caused a shérp ~increase in ethylene glycol capacity (Figure 14).
'Since its output was greate% fhan the domestic demand; it needed an
export market. However, it came onstream just as there was a major
“wor 1d-wide surplus. Prices were so depresséd that in Western Europe it

was the biggest money-losing petrochemical (28). s

The future development of this petrochemical will depend on its competi-

.tiveness in export markets.

2
AN
“n

ok

The Canadian® production of styrene started in the early 1940's at

Sarnia. It used benzene from coke oven off-gases and ethylene from

fefinery off-gases. During the Second World War it was used in the

manufacture of synthetic rubber.
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FIGURE 14,

CANADIAN ETHYLENE GLYCOL STATISTICS
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Due to the re]at1ve1y few producers, styrene statistics ‘are incomplete.

In the 1960 s due to the’ ava1]ab111ty of ethy]ene and benzene the~on1y

two CanadJan producers were 1ocated. in Sarnia. .'In 1967 one obsolete.

- ounit was reptaced and the capdcity of the other was doubled. .As shown

-

in Figure 16, until the mid 1970's production remained at near capacity.

i

‘In 1978, a sharp capac1t& 1ncrea§e occurred when a worid-scale plant was
started at Sarn1a, using benzene and ‘ethylene from Petrosar. At that
time one of the o]der'Sarnia plantsulwas moth—bal]ed (82). As showr in
Figure 17, the fcapacity,'increase -caused a sharp 1ncrease in styrene

exports in spite of a world styrene 5sdrp1us (81). The rise in exports

'd1d not prevent a major capacity - surplus. which lasted till the mid

"1980"'s (Figure 16).

The startup of the' Sarnia hbla“nt in 1978 caused the second Canadian

'.producer to shelve its plant expansion plans (105).

. .
: . : &

i

In spite of the»capacity surplus, in 1984 a 'world-scale styrene plant

was brought onstream at Scotford, A]benta.r&It'was'constructed because a

new synthetic oil refinery would have a benzene surplgs; this surplus

could eithervbe'exported'or' upgraded to styrene by uswng ethy]ene from

the second A]berta ethylene p]ant Banking on Pacific rim markets (8),

the latter opt1on was chosen v R &’

Styrene is a hybrid otl and fgas-based“petrochemiCal. Its benzene feed-"

. - . i !
o . o] R : v
stock has an alternative use as a transportation fuel octane-enhancer;

its ethylene,feedstock may be either oil or gas—based.' Therefore, its'.

‘v
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i

' opportunity value is tied to "the world oi) price. ‘With its gas-based

ethylene feedstock the Alberta styrene  plant should be able to COmpete
“in the export market; 25% of its output is earmarked for Japan and 50¢

for the United States.

C4. Vinyl Chloride Monomer (VCM)

Injthe early 1970's, thene were two small VCM ptants located at Montreal

and Sarnia.- The Montreal plant used an acetylene feedstock. At Sarnia

it was produced from the ethy]ene dichloride byproduct df the ethylene

glycol plant (13).

In the Q]ate 1960's, the Sarnia plant 'doobled its ‘capacity and an
o)

.ethy]ene—based p]ant was started at Montreal. Due to a lack of data the

1mpact of the 1atter‘,plant on”“VCM capacity s shown only after 1972

!

Fi ure 18 o

(Fig ). %

VCM was expectéo to have a strong growth, since its U.S. growth rate
.dur1ng the 1960 s had been 147/year (35) ’ However, in the early 1970's,

there was a VCM surp]us and 1ts prlce dropped by one-half.

h%;%‘n‘

*?Iﬁ??h mid- 1970 s the market .. had recovered and anticipating a burgeon-
'1ng PVC. demand 5 construcf1on ‘commenced on a world-scale” plant in
- Alberta. This plant: came onstream in 1980 (Figure 18) using ethylene

B . L&
feedstock from the first Joffre plant. : ’
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As shown in Figure 19, VCM exports increased sharply and then décljned

sharply in the early 1980{5. . The VCM consumption increased steadily

since ‘the mid 1970's but when the Alberta plant came onstream‘there was

a serious overcapacity probiem_ (Figure 18). In fact, in the early

P

1980's its capacity utilization was around 50%.

1

3

The future development of VCM capacity is tied to its competitiveness in

the export market. ' | Y

______ e e e -

C5. Vinyl Acetate Monomer (VAM) 5

In the early 1960"s. VAM was manufactured at Montreal from acetylene and
acetaldehyde. Cgmpqtition from;waer-priced ethylene-derived VAM forced
the shutdown of fﬁis plant in 1971 and the petrochemical wa§ imported

from the United Kingdom. o
’2“ B
As shown in Figures 20 and 21, VAM statistics are incomplete. Until

L979,'imports were equal to the domestic consumption.

In 1979, a small VAM p]agt was  brought onstream at Edmonton, Alberta.

Originally, it was to expand to a world-scale plant but due to poor

domest ic and export markets the plans were bostponedf

From Figure 20 it_is clear that the domestic market will not support a

wor 1d-scale plant. Therefore, the future of this petrochemical depends

upon its competitiveness in export markets.

-
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D. Propylene and Polyprdpylene : O

Propylene production was started 1in 1953 -at two Montreal refineries.‘

‘Its principal use was in the refined petroleum sector; only 7% was used

as a petrochemical feq?stock (10).
L

. P
As shown in Figure 22. Ontario became an increasingly dominant Canadian

producer of this petrochémica]. . It was a major by-product of naphtha-

based ethylene plants.

o - AT
When it 15 an ethylene® by-product, thg propylene concentration is 957,

whereas refinery-grade'propylene concentration is b50%. Therefore, the

ethylene by-product makes a better petrochemical feedstock (129).
\»: ‘\\\ . ) .

. ! .

As shown 1n‘FL%Lres 23 and 24, propylene statistical data is 1ncomp1eté.

In the 1960's it remained a by-product of the Eastern ethylene plants

(14). Its major capacity ihcrease. occurred in 1977 when Petrosar came

“‘onstream; at this time propylene exports intreased, in spite of a
nstream; .

i o
propylene surplus in the United States.

| P | |
In the late 1960's. twc feasibility studies were done for setting up

-po]ypropy]ené plants in tre East (15). As shown in‘Figure_25, demand
for this betrochemica] wa. . reasing rapidly. The demand was being met
'by imports (Figure 26). H . the domestic market was not considered

adequate to support a world-sc. e plant: the plans were postpohed untfl

1974.
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Figure 22. Canadian
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Since it was an ethylene by-prbduct. propylene was expected to be the
lpwest cost monomer. Its derivative, polypropylene, had fhe potential
to compete with high density polyethylene, polystyrene and polyvinyl
chuoride (199). As shown in Figure 25, the growth rate of polypropylene
during the 1970's was strong. A plant was pfoposed’in Alberta (83):
.however. in" Alberta the refinery-grade propy1eﬁe was used in the

L]

refineries' own. alkylation units.

in 1974, on the basis of propylene availability from Petrosar, the
construction of two mid-sized polypropylene p]antsﬁgtafteq. The first
plant came onstream with Petrosar. | fhe second plant came onstream in
1980. The polypropylene b]ants came onstream at a }1me of world-wide
shortage. The availability of a strong domestic mafket‘and an export
market resulted 1n a good performance of this petrochemicd@.

) . ‘ (~}

The development of polypropylene is tied to the 6eve1opment of

refineries and oil-based ethylene plants. Although propylene is still.

used mainly as a fuel, the octane rating of the propylene-based alkylate
is.not good. As lead 1is phased out from gasoline, propyliene should

become increasingly available as a chemical feedstock.

E. Butadiene .

[y

- The Canadian production of bUtadiéné started . in 1941 at Sarnia. The
feedstock was extracted from réfinery off-gases. "It was used-in the
manufdcturé ofﬁsynthétic rubber for Worid War II. After the war, in
spite of thevreturnhof_the availability of natural rubber, aue to some

superior qualities of synthetic rubber the plaht continued to operate.
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FIGURE 25. CANADIAN POLYPROPYLENE STATISTICS
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Butadiene production was limited by the ayailability of refinery oif-
gases in the Sarnia area. In the early 1950's the‘Sarnia compény
Polysar investigated the feasibility of buiﬁding a plant in Alberta. It

Ve

decided that it would be cheaper to import butadiene. Until the early

1970's this petrochemical was manufactured only in Ontario (Figure 27).

3
The bugadiene statistical data base is incomplete. As shown in Figures
';28 and 29, in spite of there ‘being,surhlus capacity butadiene imports
contfnued throughout the 1970's. The Eigh domestic butadiene costs
resulted in the synthetic rubber costs being higher than in other

. L}
regions of the worid; Polysar had diff u.ty retaining the domestic

synthetic rubber market (12). It decided that if it wantgd tog}iﬁ

. 2 AP
the synthetic rubber business it needed a cheaper source of buttgiene.

That is why it became a member of the Pefrosar consortium.

When Petrosar came onstream, the butadiene capacity increased sharply
(Figure 28). Some odtdated butadiene plants were forced to shut down.

As shown in Figure 29, the butadiene imports declined.

If Petrosar shuts down, the synthetic rubber proddcer in Sarnia would
have to look for a new butadiene source. Domestic sources are limited

by refinery capacities and high production costs. The alternatives will

be to either import it or manufacture it from some other feedstock,

possibly butane. Under current conditions. the import option appears to
be more economically feasible. ‘ ' &

P
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Figure 27. Canadian Butadiene Capacity

Ontario
122 KT
(100.0%)
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FIGURE 28. CANADIAN BUTADIENE STATISTICS'
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F. - Aromatics

In 1941 benzene was extracted as a by-product bfithe Canadian stee]
. industry's coke oven - production and  was used 1in the manuchtUre of
styrene. This source was: unable to sat1sfy the grow1ng demand for th1s

‘petrochemical and in 1957 »the first petro]eum=based benzene un1t came

onStfeamtat Corunna, Ontario. By 1961, 80% of the Canadian benzene

Ll

tapacity was refinery-based. To remain viable the largest benzene unit
had to dépend'updn export markets. R T

.

' Benzene, to]uene_and xylenes -(BTX) are used majn]y-as'octane-enhancer&

~in premium-grade gasoline. The major petrochemical use of benzene is in

the menﬁfacturetofustyrene (7). As shown in Figure 30, Ontario had .

‘ardund two~thiids of the ;Canadian -benzene cepecity untilvthe'Scotford,
.A]berta“synthetie oilvrefinery'came onstream in 1984 ”

’As‘shown in F1gure 31. the. benzene capac1ty buildup resu]ted 1n over—
| capac1ty. benzene was exported throughout the 1960‘s (Figure %2)v In
the early 1970's there was another capag1ty suhge in Eastern Cenada.
The new product,was intended foh hthe’eXpekt market in’whtch the benzene

prices'weré‘very volatile.

kY

In 1975, there was a 1proposa1, to bu1ld a wor 1d- scale benzene plant in

A]berta, using a condensate feedstock In 1977, another similar

proposal Was made.'jNeither'proposa] was successful;v
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_‘When Petrosar came onstream in 1577..'1t caused an intrease in BTX
capac1ty In the late 1970's, because of ‘plaht expansions and hew
plants in Ontario and.”Quebec, the to]Uene capacity 1ncreased'sharp1y
(Figure 33). The BTXlstétistjcal'data is incomplete; however during the
1970's, BTX export levels' remained high. In the early 1980's, the
_ aromatics - market sottened and prices declined; Canadian .producers
1ncreased their exports while uneconomlc,{outmoded u. S p]ants were shut
down. In- 1984 the Scotford Alberta unit came onstream

* B . : . i n

~ BTx; being refinery by-products are )]imtteda by 'domestic‘Jrefinery

capacity. . Plans to use a condehsate feedstock have not yet material-

3

ized. The development of these petrochemlcals is dependent on the

markets for prem1um grade gasol1ne and for styrene

(3

* This completes the historical survey of individual petrochem1cals This -

survey has served two purposes. it has 1dent1f1ed the key 1ssues Jdn the

development of the Canadian petrochem1ca] industry “and 1thha5»presented
capacity, product1on, consumptwon, import and export StatiStics of the

ma jor petrochemicals. The.]atter was used 1n the deye]opment of a con-

,\/

sistent data base for  the model. whereas the former - was used in the

v
deve]opment}of reasonab]gnscenar1os \

e
qug ' : S
Next, the mathematica}%model]1ng process is examined. :
. y /' .
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- tlon obtained from oth ry

Modelling conceptualizes a system: within a specified enVironment. It

encodes causal relationships which u1t1mately determine the degree and -

techn1ques of system contro]]ab111ty Therefore,'1t*shou1d be an impor- .

tant’ too] of the policy-maker. However, it is not we]]lunderstood by

po]icy-makers and is not-often used in the process of decisﬁbn-makingi

In order to be effective the po]icy—makér must be perceived to have made

. the 'cdrrect’ decision.  The traditional approach is to.seek justiffca—
tion in bretedents. During periods‘gf'rapid societa]kstrbctural change
precedents may be lacking 4or 1nadequat¢. in order to understand the
possible implications of such change, a mathematicél model 15 useful.

Mathematical models may be predictive or prescriptive.

_Predictive,modélling involves making ‘fbrecasts based -on empirica]lre1a—

“tionships. The simplest models involve the mechanical extrapolation df‘

historical data pértaining to the variable ‘under consideration. Such

models may be categorized as naive,'moving average or mathematical trend

. o :

~models. 1In-a naive model, projections are made on the basis of an
3 | . |

assumed growth rate; the growth rate may be positive, zero or negative. -

Moving average modé]skhaVe a series of averages that épproximate the

trend of a series of data by cancelling out the high and low values.
N - . - 3

Mathematical trend models use mathematical relationships to represent or
fit the data to be projected. More sophisticated models use economelric

' techniques ‘In such modeLs forecasts

b
vAmlable.“*

are made on the basis of informa-

Bthan on the historv of the

. ;f4§ -.
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Predictive models are useful ‘but have the following drawbacks:

1. There are no material, energy or monetary balances. For example,

the projected slate of products may violate technical reality.

2. The models are myopic, i.e. decisions are made entirely on current

conditions.

3. There is .no choice- between alternatives, since individual
‘ processes are not modelled. o

4, There i5 no feedback mechan1sm.' ‘ For example, the independent

variable (pr1ce) may resu}t in the dependent variable (demand) .

projections which are so high that product scarcity wou{d in

reality cause higher prices; but the mode]l would hot recognigé
. . » n ‘ ’

this possibility.

Predictive models may be used ¥or petrochemical demand”mode]lihg;
: o _

Either mechianical extrapolation or econometric fechniques may be used.

In the latter case,.‘the exOgéneous-’or “input'rvariabies may include

. petrochemical prices, the popu]atlon and the gross-national product.

Since the long term price e]ast1c1ty{'of bétrochemica] demand has not-

%

. been,jnyestigated the modeT would be approprIate only f0r short term

forecasts For 3’gw term forecasts ' extrapolat1on techn1ques wou]d be“ .

;feasver. qu1cker &nd as good as econometric technlques ~‘,V

' . L
o o . ol _ D
® . Y 2 . :_ﬁ. . SR M . R B ¢,
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Jﬁrescriptive modelling involves bptimizing a system. For example, a
mode 1 may minimize the cost involved in meeting a projected demand The

societal costs that may be minimized include the costs of capital.

operations, raw materials. energy. transportation, environmental pollu-

tants and unemployment. Alternatively, the societa) benefits which may -

be maximized include profits, personal consumpt ion, leisure and employ-

ment . Such aﬁﬁ optimization may be accomplished by using process.

economics and mathematical‘programming techniques. Such ‘models would be-

useful in petrothemica],supply modelling.

Prescriptivé mbdels may 1nvo1ve either genera]ized or partial equ1-

l1br1um Genera11zep equ111br1um modelllng \1nvolves a two -way 11nkage'

between a sector and the rest of the economy A two-way 11nkage 1mp11es

that the sector undervv;¥vestigation s1mu1taneously affects vand s
| . . . .
affected by the remaihing sectors of the ecoany: For;example,,the 

Canadian energy sector deands on and. confributes to the Canadian,

economy. Such,models have the capab1]1ty of exam1n1ng how government

policy decisions with respect to one sector will’ affect overal] econom1c

-

.perfOfmance (117) Furthermore. the mode1]1ng s elegant but is

currently app11cab1e to on]y relat1ve1y small models; otherw1se a model

“run may be too expens1ve

Partia]VEquiljbrium modelling involves. a one-way . linkage between energy
and the rest of 'the-.econdmy. Linear programming models are usually

partial equilibrium mode s«

b1



Mathematical programming models have material and energy balances. They

permit choices between alternative processes. They have feedback mecha-

nisms and hawe clairvoyance. - In. a clairvoyant model, decisions at,a

given point in time ére made with full knowledge of all future condi-

tions; therefore, timely corrective action prevents .future crises.

Thus, they proyide'a'consistent framework within which to analyze long-

term issues.

Mathematicaf programming models.may be categorized a§ either non-linear
of\linear; Since }n rea1 life non-linearities are common, the former
typé 6f models would be preferable excebt tﬁat their‘solutioﬁ techniques
aré‘ré1atively inefficient .compared to linear prOQramm{ng fechniques.

Thu;} for any moderate or large sized model >11negr programming is

?

generally. used, in which ca%g the _non—]inearities are approximated by

piece—wisevlinear re]ationships; Linear .pfogrammihg has. the further
advantage that tommercia] pre-processing, solution and report writing

- computer packages are available.

Jov

Most comhercia]]y available linear programming packages psesa revised-

simplex routine, wherein matrix multiplication is pecessary at every

iteration."This'restricts the size of a 1linear program that can-be

-economically solved. Efficient. solution a}gorii@ms that take advahtage;

of the speciaT structure in the constraint mé%%ﬁ& have been'developed

»
‘a

transportation probliems, for which it js%-relatively_ easy to find an 

initial basi¢ feasible solution .and due~"to their _property of basis

K
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} pure,transpbrtation prob]ém. Therefore. ‘capacitated trans shipment' or
"network flow' problems have beén forﬁu]ated for which theﬁe are several
efficient algorithms. including primal-simplex. out:qf—kilter. primal-
dual, dual, path and negative-cycle. Such routines are almost as effi-
cient as pure transportation routines. Network flow aigorithms can be
‘generalized’ in order to handle constraints that do not fit the network
structure. Such generalized network prbb]éms can be solved by combining
nétwork flow algorifhms with various decomposition schemes (49). One

<

such solution package is commercially available (48).

For this analysis, commercially available linear programming packages,

using the‘standard—revised—simp]ex routine, were used. They were the

'>Haverly35ysfems pre-processor MAGEN and the IBM solution algorithm

called MPSX.

t

l

Having selected a solution technique the next step is to look at the

- deésirable features of linear programming models.

’
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There_are several excellent surveys of linear programming energyfmodels

(69.98,112). A linear programming energy model has three basic
features:
.. Limited resources and competing conversion schemes: It is a

resource allocation model, which implies choices among ]1mit§d
resources. Primary energy exists in several non-renewable and
renewable forms. Ndnfrenewable energy reserves havg to be found,
de]ineaied'and extracted. Renew§ble energy has to be harnessed.
Prﬁmary energy has to bev conQerted to usable energy and petrochem—
icailforms. There are several conversion steps. At every step
there are tompetiqg processes.. The starting poiﬁt and the level of’

detai] varies from model to model.

2. Transbortation‘sghemes: At every conversion step the feedStocks and
Eroducts must be stored and traﬁsported. vTraasportation.may occur
by pipeline, road transport, rai]way; waterways or transmissioh
1ine;. Such schemes may be explicit or implicit. ~In the Tattér

© case, transpoftation coSt§ may be' inc}uded in the conversion costs,

eliminating the necessity of any spatial features. &

g

- &
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3. Jemporal features: Every model has a planning horizon, comprising

of one or more time periods. A linear program provides the gross
picture within a time frame. For example, if a time pefiod 1s ten
"years, the model results may show that within the 10-year span, five
petrochemical plants will come onstpeam; the precise years in which
they come onstream is not known. However, if the’IO-year period is
replaced by ten l-year periods, then the precisé¢ timing of the new
plants will be known. Furthermore. multi-period models permit
greater precision with respect to production, deliverability and
démand constraints. of codrse, the greater the number of time
periods the larger the model and the more expensive if i; to obtain
results. This imposes a limit on the number of time periods, whiéh
may be extended if special-purpose decomposition routines (49) are

used.

Within a particular time period, the types of constraints in a model

include the following:

1. Supply: The sbpp]ies of competing reés. rces are limited. wfth;ut
such constraints only the cheapest resource would be produced. In
cost minimization models the total supply must equa] or exceed fhe
demand;vin profit-maximization models demand 1is met oﬁ]y if supply

~1s available and it is profitable to do so.
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Demands: An exogeneous schedule of demands prov1des the 1v1n'§W

A

force for the model. In.minimization models, tbe demandSNare m%tﬁgy

5 "\

lowest cost; in maximization models the maximum demand at a specﬁ—

LY

fied price i1s available to the suppliers. Therefore, price-elastic

demand can be explicitly modelled.

4

Capacity: Production and transportation capacities often limit,
resource availability. Initial capacities and Capacity retirement

schedules are exogeneous. A key model output is the timiﬁg of the

capacity additions, required to satisfy demand.

Production schedules: Extraction and conversion processes have

production schedules. If a producfion schedule is not imposed by
the modeller on a resource, then it might be depleted faster than is

technically feasible.

Material and energy balances:: Such constraints ehsure that for

-

conversion and transportation processes technical feasibility is

maintained.

Product quality and product inventory: Product quality specifica-
tions may be included. For example, gasoline may be required to
meet”an octane rating standard. If an excess of any product is

available, it may be stored in the form of a product inventory for a

subsequent time period.
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7. Capital constraints: “Capital may be disaggregated into different

cost categories to reflect risk factors. Limits on the availability

oﬂﬁcépitai‘may be imposed.

'\.iu
8. Labour constraints: Labour may be disaggregated into~d1ffere3t
skill categories. Limits on its availability may be imposed. For

example, there may be a 1limit on the numger of carpenters and

machinists available in a particular time period.

#«. -Environmental constraints: Certain models restrict the emission of

uj sulphur dioxide and other pollutants into the environment.
o

»

| liO;‘Pblitical constraints: Such constraints include limits on import

and export‘leve1s and constraints imposed to ensure that domestic

reserves are giv;n‘pr¥prity 1nndevelopment.

¢ ' !
: .

K

“he problems félated to developing a linear programming model are‘qﬁkher

o . A Nl
structural-or data-related. The mgjor structural. problem is that
Z‘ifchpicéﬁ are made on an "all-or-nothing" basis. Thus, if several

competing-technologies produce a common product and if one technology

holds evép a slight economic advantage over the others. then the mode]

‘will choose that technology, to the exclusion of all others. <In

Feé]ity, if a number of producers have fairly close broduction costs,
then they will co-exist provided they can all make a reasonable return

on investment.

Y



on al] the compet1ng techno]ogles the mode]ler teaves "room" forva ne

‘ techno]ogy prov1d1ng 1t can generate the st1pu1ated yield on 1nvest-,

'?in‘the fina]'time- per1od~ Such end effeéts may be m1n1m1zed in two

.hpr1ce tra3ector1e§/for energy and petrochem1ca1 products'

f1rst cr1t1ca1 dgta area Perceptlons. about energy

since: the pr1ces of7many otﬁer’ .energy forms and petrochem»cals are t1ed

: : , , : 68
SO - e g 3 '
The’broblem’can‘be resolved in two' ways. One,- by “impos ing upper 11m1ts

ﬂ“
ment . Two, prece w1se cost curves. are used for .the techno]ogxes

w'

=

~Other structura] prob]ems re]ate to the aggregat1on of demand and supply

(

?data, non- 11near1t1es in the system and end-effects ' In order to ma1n—

"~ tain a reasonable mode] size the mode]]er must aggregate the data . Thus

~ ‘YD . -

:,:the 1dent1f1cat10n of actua] conver510n p]ants has to be done off mode] .

Non-]!near1t1es ane approx1mated by stepw1se'~11near fre]at1onsh1ps;

,'aga1n,.the number-of steps 15 11m1ted by the necess1ty of ma1nta1n1ng a

En

reasonab]e model s;ze. F1na11y, 1n a 11near programm1ng mode] the end— :

,;' effects maylre5u1t in - unrea11st1c» cap1ta1 f]pw5'and capac1ty—add1ttonsg

'yéys One. the plann1ng hor1zon may be extended beyond the t1me span"

der cons1derat1on and the number of t1me per1ods may be‘1ncreased L

“aptta1 costs may be annua]rzed

i bl ’

~

There are\fhﬁ;e cr1t1ca1, data ‘areas fwh\zh w111 be dﬁscussed 1n turn B

'1vEnergy supply mode]s ‘éré’ dr1ven by j.e)fo eneously spec1f1ed demand and

-
i

/- fh1s-1s the_ .

i' ~

'r1cedand"démand"

traJectorves have changed markedly 1n the 1ast decade A er‘conttant,.

'scrut1ny, the energy prlce demand{ relat1onsh1ps are oniy” nownbedngl-

lunderstood Clear]y, wor 1d 011 pr1ces have the most SIgn1f1cant 1mpact

« ' fr . k4

' ‘;to 1t, some through adm1n1stered regulat1ons. others through the market

ST

L
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Knechan1sm The mode]ﬂer must  ensure “that the price and demand frajecﬁt

-\.jd

u

o tories of a particular petrochem1ca1 or enetgy form are consistént with '
eachhother_and with ather petrochemical and energy forms. Thishis par_

ticularly difficult for petrochemicals, since their priceidemand
“ N } v, L ‘ . ) N . o . "
relationships are not accurately known.

B -
LY

The second critical data"area 1nvp1ves est1maﬁ$ﬁg ,the reserves and

extraction costs of the primary fuels, crude 011 j%ﬂ nﬂturﬁt gas The ;"’
etplotatﬁon,and developmegt function in the ’oi] “and. gas 1ndustry 1s
analagous to olant capdtat expendituresv»jn manufactur1ng where these’”
pre product1on expenses are” amortlzed over ‘the productlon in sﬂhsequent
years The actual cost of a un1t of product1on is a sum of the cap1ta1, \

charges and operat1ng costs Reserves and extract1on cost est1mates are
S
usua]]y based on the preva111ng consensus rather than on any mechan1st1c
& } Y -
Y \5"/ 3 : . . .
er Ta 138 g S e T SRR ST
- mg/f% _‘vﬁ iﬁ%“aﬁ SRR o R ¥ , o h)‘
The third cr1t1ca1 data area lies in estimating the proceSS'economwcs"ef

.

the relevant energy conversion, tethndlogies and‘petrochemica1'plants.
R asonably goqd estimates of the techn1ca1 and econom1c paramegprs ofp

.es ab]ishéd teqhnoTogies are ava11ab1e " W1th develop1ng techno]og1es_ ¢

o the mode11er fust reconc11e prOJect1ons wh1ch are h1gh1y uncerta1n §
B ’ e N "

. . - . . "; ‘e P .
- ' . . W
2 L .

: Havid@ tdeﬁtified'the'hatdre:ofi 11near programm1ng eﬁergy and petro- B

chemrca] mode] and the problems assoc1ated w1th develop1pg;gy;§ a mode]
v _‘,,_ﬂ.f:. . ,"4;.0,@,

. ']et)us examlne how the prob1ems were tackled @“

lpfexercises The obJect1ve of th1s esurvey 15 to 1dentify the 1nﬁoVat1ons

introduced by var1ou§ modéllers

- —
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c.angd 1332 variahles. = . o
id\ja‘ R , - ' ol

. , .
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'*“ In:1968, Deonigi and ﬁhgel (50) developed

e Y

\d

~In 1947, Daﬁtzig (43}; devé]oped fhe first éfficient §oiution.a{gorifhm
~ fYor Tinear Brdgrah§)‘; ’0ne-:of its’ eariiest- a?p]icagions was in the
Ev\schedu]jng df, petro]eﬁm«'refjnefies (134).‘ ‘fn ‘1958,; Manne (95.96),
._abp]ied )ineér'vpfbgra@ming to fhe 'United‘HStétes 'petroTéum refining’

Aector. It was a single period mode] .with no spatial fedtures. It .

keduced the whole refining sector to a:representative'refinery. It was

intended to simulate the United States market conditions in 1953. It

‘modelled 25 types of crude oil and 9 products in the aggregate refinery.

At spe&ifieﬂ’levéls of jet fuel, it,maximized the non-jet fuel product

 ‘mix. At 105 Coqstraints and 205 variables, it was as large a ﬁodq] that

compd&ers could reaSonably'Handle at, that time.

£ B
- g)\} .

"

‘In 1963, Mafschak (99) introduced a fegiona] element tb'the above model. .
His.mode1 had four regions and "a reJative1y déféi]ed transbortation

sector. Introduction of detail in one area usually meant‘aggrégation 1n 

anobher area. In order to - retain.a réasonable model size, hé reduced
‘the crude oi]ﬂtypes-fﬁom ‘ésﬁﬂtq» 3 and the_nquer of refinery pfoducts

from 9 to 6. In spite of the aégregation; the model had 195 Constra{nts

3 ot

Manne's and Marschak's models were the precursors of théﬁtQ:Efaled
‘fenefgy mode]Sf,that were deve]oped in-thé'early 1970's.

.‘ : S - .‘ o U “ig

3

A3

,linear programming model (Figure 34) thchfdétérmined the opfimdh»fuiure

eIectricairgenerétion sUpply in the United S%ates.' There wére gyﬁfty-

| 1 g \
4 TS . ‘ﬁg’ . .

five 2-year intervals. A pfevhrocessor was 'used;fb%géneratévthe 4000»

a large scale multi-period:

70
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“f_cdnstraint. 9000 variable 'model.i In a particular ‘time period the

variables represented various types of power = plants. A power plant was
identifiednby the plant design, fueling schehe and an éxogeneous life-
time load histqry. The constrajnts included material balances, technoe

logical introduct ion rates, fuel price step funttions, committed pltant

construction and fuel processing cabacities. It handled endeeffect

. S 3 . '
problems by providing special termination formulae to avoid overstating

“tosts and understating benef iffl¥ in the final time period. It was

~ -

‘probabgy as sophisticated a model as any built since. e

e

Y 4

'Deon1g1 aﬁﬁnggel also 1nvest1gated the use of the gg?dow prlce gener-
ated by the lrfwir progrem as. the value of a partxcu]af’energy form to_

) the system be1ng mode]1ed Theygtoncluded that "year-to- year var1atlona

-

for a guven shadow prwce hadf very .Jltt1e di@]anatory power" 507 The '«

ol ”d

‘use of reduced “costs for a variable as the redUCtlon in 1tscmgst

-

primal so]ut1on, was also d1scussed o ‘ T A

Coefficient’redUired to 'make it e11glb1e fors entry into the opt1ma1
: &

v

In 1969,'Déban deve1op d the first model for North-American oil supply

and distribution /1ts 6bjective was'to assess the economic impact

/¢

of ‘the Arct1c 01] f1e1ds on the North American oil 1ndustry Key mode]—ﬁ

ling 1nnovatlons\were the representat1on of the oil supp]y %nd distribu-

tion system as an 1nterconnected network .and” the use of a un1que network

1

f]ow algorithm to minimize - the pi] Utrapsportat1on costs.< The Un1t

transporta§1on costs depended on -the oi) throughputS' Debanne dev1sed

an iterative procedure‘ where1n the unit costs were altered accord1ng to

-
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»
' the throughputs occurr1ng after every: 1terat1on It was one of the
f1rst mode]s to use an. 1terat1ve techanue - The network had 30 supptly i
&entres and 30 demand centres. It was subsequent]y extended to
encompass total energy supp]y—distributionA eystem; (49): ~Debanne

devised a soJuﬁﬁon. algorithm called "MULTINET 0/1" " to handle multi-

period, mw?tiecommodity, production/distribution and plant;

10Cation/a]loodtion/eXpansron optimiz;'*

- In 1972, Waverman (137) model]ed‘
morde%y,'to use o GNENN

synthesized ne[

~ﬁproduct1on transportatlon un1t cost.. He assumedﬂ

that the prodfcyw- osts were 11near> and constant functvons of'output

vand he based th&se ‘oét on.a un{t anea rate. The transportation‘costé
. E ’ N

were based on distance and terrein factor§ The mode] m1n1m1zed thé\

total costs of produc1ng and sh1pp1ng natura] gas from 1) supply p01nts;

to 19 demand pomts In Spl*&f the lack of process deta1ls and 1pe-"*"

~

line capac1ty constra1nts, %%e mode 1. ‘wes -s1mp]e, and e]egant. ?Iiex
polxcy—functlon was dﬁblicit]y stated. His mode] resulfs iﬁfwed that
P
T @E@ .ex1st1ng natura] ga; pipeline. network ratner than Lhe,manket-d1rected
| North South network T, o K " S
o . ) o

In 1972 ﬁ%?fmaﬁ (84) deve10ped an 1ntegrated energy mode] of the United -

? E
Std!p It wa&>one of the earl1estv1ntegrated energy 11near programm1ngl~
«mode]s Its function was to serve as a p]ann1ng framework for- techno- '
: : a4 <
1og1ca1, environmental and . resource conservatJonoustrateg1es. U1th_1},l
- . . R . . -

PR
[N

gn'naturafvgas flows. In. -

portat1on 11near;programm1ng code. he dev1sed a

» Canada was pay1ng an annual pena]ty due to the East- Nest natiire of its -,

supply andf15 demand ecategories, ‘the.. modellhed a transportaiionftype

73



i

>

i

' ‘lﬁ‘""‘:,‘re‘ .

. “

~ framework, with a set of extra transportatlon“ constralnts The,ﬂatter

included environmental, solar ‘energy. pumpedd,storage and off- -peak

electric power constraints,’ which could not be ass1m11ated 1nto the

+transportation frameworkr;‘4 The ééﬁuprn ,a1gor1thm wo" standard
revtsed-simptex routﬁne' Hoffman's PhLD. d1ssertat1on Mas baséd da a
51ng]e per1od ’30 yed) model wh1ch minimized energy costs of the Uth§H;}7

States. . There were 58 constraints  and 166 ‘'variables.. In sp1te oG 1tsrfﬁf;#

. high level of aggregation, it had.a significant amount of process

detail.’ | | B
. X

‘)¢

Hoffman s mode] formed the™ bas15r ofg}he Reference Energy System method-

i

ology developed at the Brookhaven Nat1onal Laboratory; It was'.'a net-
\ 4 o v , o

work representation of all. tﬁé technaca] actlivities requ1red to supply

vari'O@s"‘forms of energy tq end- us\e act1v1ﬁd(b')‘. “The act1v1t1es

1nc1uded primary energy extract1on, reftnement. conv§j51on transporta—

t1om' d1str1but1on and ut111zat10n ~ The systems were deve]oped for the

System Optimization Model (BESOM) they were use? in an assessment to

evaluate new technologies;.

aF

A . .
RN 5

In 1972, Adams and Griffin (1) developed an economic-1inear progrdhming .
"‘model of the Un1ted States petroleum‘_ ef1n1ng@51ndu5try Ih1s modeT

) served as’ a precursor of the energy economy mode]s wh1ch were éeVelooed

*

shortly thereafter; In this model the ref1nery product dehands were

genereted by ustng an ‘econometrjc $Ub- modéﬁ' " Then, a linear program

]

w1th 2217 constra1nts and 334 variap]es~«yas used Lo m1n1mlze the costs

for crude oil, natural gas' liquids. royalty and catalysts The linear

-

740

/ ars 1980, 1985. 990. 2000 nd 2020 - Usi the»Brookhaven Ener b g
ye ‘ _ 'I_ a ”&g : . Vo g ‘!}
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programming Jnode] was not destrtbed in detail but was "a modification of

a typ1cal Gulf Coast 200,000 bar[el per day (B/D} refinery LP model by

\ . .
Bonner & Moore Assoc1ates"' - The 1atter was a commercially available

reftnery llnear programm1ng model
. ":f xS o : _ R
“Adams and Griffin (1) stated'that the product prices used intheir model’

‘ wgre determlned econometr1ca11y although'it wou]d have been possrble to

. »@Jj-vuge the shadow prices ‘generated by the 1inear program. They stated

wh11e the shadow praces mEasure produc;;bpportun1ty costs, their use to
i & &3 Y et o
5 - gt g ga B S &
expla1n actua] pr1ces proved t% beWnot as effect1ve as the somewhat less
. 98 .

e rigorous formu]at1on"htch was used" R o

o

€

&

l_\"

-In-té?év Chi]ton'kand Jimeson. (29) deyeloped4anfenergy—envﬁronmental
‘ mode1‘for the United States.vwnich minimized the‘nationallenergy distrf4
bution.costs‘ based on a sulphur d1ox1de em1ss1ons reduct ion proposal
The linear progﬂapm1no details were not given.: ‘However, since it was

\l’ §

regionalized into 244 Air Quality” reg1or1,;~ the size of the 11near pro- ne o

~gram must have been \substantial. The Dan[z1g wolfe decomp051t1on
routine was.used to solve the linear program. Their exper1ences w1th
this routine were not reported. : - L BRERN
4 . . ) .
: ‘ R .

* . .. ‘ . '? .

In 1973, the Energy Research Unit  at Queen- Mary‘ Col]egem London,

, developedAa 3550 eonstﬁadnt 13500 var1ab1e wor]d energy mode] (65) It

; minimized the resource costs used in sat1sfy1ng a g1ven demand for crude
o

”'01] The costs cons1dered .were the avo1dab1e costs, i.e. cash costs

wh1ch would vary if the a]]ocat1on of refinery equlpment and 1abour were

2

R
s

. * I X . .
S TS TR - +
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changed”. There were 52 types of crude>di4. ks refining.cenires’and 25
lmarketc. The' model used' detailed nrefinery and transportation con-
straints. The modellers stated that the large model size was compat1bl€§’
wvth their obJectlve of being "rea115t1c | A
! -
gp Whewr model resu]ts included details ‘qf‘ refinery plant construction,

vtaﬁksh1p construct1on and .operat1on. capital expendifures and equili- -

L [y . . . . 1oty
Qﬁ$gr1um pr1ces The short term equi]ibrium prices were the "marginal A
» : ‘ﬂ.ﬂb M . g ’ v, o 2
e va]ue§%§rom the LP so]ut1on“ Exclusive of capital costs these prices ;%ﬁf}g

- ﬁfﬁlere in equilibrium W1th demand in a given quarter or year. The equili-

. “ ‘‘‘‘‘‘ v _
“’éAnother world 011 mode] was developed in 1974 by Kennedy (88). The six--

BN o . region, five- product single-period. 10-year mode was based on a linear -
e g ' ' . : ) X
s L pmogramm1ng representation of crude o0il refining technology supplied by

g T T e o R
*agiﬁv'“' Bonner<& Moore Associates. The four sectors of the model were crude oil

. ;, X :" . d ' . . o -
. , proauct1on trénsportation ,refining and products consumption. The
' ‘ﬁ\..ﬂ - :

; reported mode] size was 57 constra1nts ~and 173 variables. It minimized’
the long run cost df capltal equ1pment and crude oi} ‘ ‘ .,
o ow . . o
\

In order to endogenize the crude prices and product demands, the linear

g

program was ¢ pled with a set of demand and supply equatlons ‘ The
“mode] output included‘]evels of consumpt1on,,.product1on and pr1ce for

each commod1ty in. each reglon .+ The: modeller cons1dered the crude 0il .

' ér1ce increases in 1973 and based on h1s model runs, stated'unequivoca]A

1y that durlng the 1970-1980 per]od under cons1derat1on,'"current pr1ce

<@
L
~ »
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7L dR 1974, Cazalet (20) developed a gemeral equilibrium medel called the,,

levels are unlikely té be maiﬁtained in constant dollars”. He added.

“the resuiis presentéd here indiﬁate that either investment plans‘oﬁ
| political concessions made on Afhe_ basis -of an expectatiog of seven
; do]]ér'oilfor the féar of,twelve dollar oil'would 1ikely be regretted in .

the long run".
; "

] .

Thisvexehpfifieg the hazard of making categorical predictions based on

vﬁlineaf programmihg models. It also exemplifies the dilemma ﬂaﬁ%d'by a

modeller: should he present his results ¢ategorica11y and rdsk~5eing .

-

proven. incorrect or should he cover his bets with a causal approach and

s

risk not being understood? The solution is to treat hjs'results“ai a

'scenario' rather than a forecast.

[
)

’ §R1~G;1f model. It was highly aggrggateg'gytﬁcovéreana11 ma jor energyv
forms., coﬁversion brocesses and transportation modes and it explicitly
modelled supply elasticity, fnteéfue] competition and end u;e.démands.
Itwhéd 8 demaﬁﬁ fegioné' and 30 ;upp1y~ regions. ' There were 17»£1me

-

periods in a planning horizon “of 52 years. It used an iterative

.

algorithm which generated tentative bricé and‘aemand estimates in a yay
z&d

, - . & .

that converged to an equilibrium soluti%n ~of the model. ’Betyeen 30
*2 : . » . .

60 iterations were required.

“In 1974, Finon (68) - developed a linear program for the French energy

sector, which minimized the discounted capital,and‘operat?ﬁs costs. The

model had a planning horizon of 25 years, with time periods of 5,5,5 and

1
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-~

(@]

10 years.  Finon eliminated lﬁhen fina) periodiénd~effects,prob]em by

#
ol

adding a time period of 20 years. thereby increasing the total time-span

covered. by the model to 45 years, although the planning horizon remained

unchanged.

Starting in 1976, Dantzig (43,44,108) directed a group in the Systems
Optimﬁzatioﬁ Labordtory at Stanford ‘University, which dé‘!]oped a 40-
year, 8-time period model called PILOT.‘ It maximized the discounted per
capita billiqﬁigoodsl It had 800 constraints and 1800 variables, and

was one of the first large écale-energy—ecqnomic models based exclusive-

ly on linear programming. In PILOT, energy demand was endogeneously
determined based on an ' income effect*rade—off between work and
leisure “time. End‘effects were - d by wusing post-horizon
© %, . m r o A ’ ‘ @ ’
constraints. g i s
. o= Lx,;,“y_:q ¥ Hiizn

BN R

In 1976, Matthews (100) developed a long-range Canadian enérgy supqﬂy

model. which minimized the total ;osts of satisfying a set of exogeneous

energy demands. "Its explicit policy-making function was to serve as a

"long-range strategic plaﬁhjng tool". It consisted of 400 gonstfaints
B = \‘ ‘ - - L
and 550 variables. \ T
v . < ~
4~ ‘
pd

. ' ] ) - o
Matthews' model consisted of five regions. linked by energy transfer

movements. -Within a region, energy sectoral Qedel}ing was used (ﬁidure

\ 35). Modelling experience and model results were not presented.

. . r
- e
]

e
3
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From 1976 onwards., a number of Western Canadian energy‘méﬁgls were

developed. In Edmonton, Feick and McConaghj developed, W nepgy

&

resource allocation model called AERAM. Originally, is 3 one”

period. one-region model with 112 constraints iand 189'

minimized the capital and operating costs of satisfying q:é,;ﬂgf equﬁp_
eous energy demafids (Figure 36). A number of aggrega%ﬂagﬁfineries for

.giff‘ﬁent crude types were mopelled:

/

3
L.

RN

~tifter. (114) the following extensions were made:

"~ u,b. Specific labour constraints were introduced. e.9. constraints on the

L]
*y

e

- number of pipefitters and .electricians. Model results showed that

such constraints were not-gighi. due to the capital intensive nature

of the energy projects. Subsequently. off-model calculations.were

L

“made to project specific labour demands.

-2. Environmental comstraénts, relating to socigtal costs.of farmland

and water were introducgd. Model results indicated that there was

nonghortage of Tand or water .for éﬁérgy projects in Alberta.

Y } e
} . ‘ %
Based on quality and cost considerations, cqal was segregated into a

w

number of categories. -
g ‘ M ;OW .
MRS

' . 5o | e .
Y Lo Ay . A
PEE N A f\-, Py - L (R pe B . . ‘
3l PR | e e s - o4 . r
“

% i N - L b i ! - .

. 4. Nucieafy'501¢r‘and wind power resources were added. ‘Model results

X

indicated that Vin Alberta these energy forms were insignificént“with

respect to established energy forms. . ;
N A

\

’1es. It .
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. in erder'to'determine thettimtng of energy progects in Alberta the

'_ mode] was made mu]t1 per1od and clalrvoyant

. N :
S~ e . DI e e :‘.
R a - !

. ;-Gﬁ_‘Toestgdy;sbecificvénergy nqﬁicy issuesg~the modéﬁvwasrregidnalizedﬁ'~

LI
S N
‘\"‘ .

The four t1me per1od mode] underwent seyera1 transfbrmattOnS' After_
,reach1ng a max1mum ste of 4000 constraintsz and 10000 var1ab1es. th he

’ model was re- wr1tten in the MAGEN‘.softWare 1anguage and 1ts s1ze wa55

.reduced - The -T982 vénsion]tdf-hthe ‘mode1_ 18 ;;descr1bed- in the next :ﬁ -

\\; ) ».

‘ cnapter:f

1

Uéing AERAM as a,starting"point Dan1e1 and Go1dberg (40;41) developed =~
an A1berta energy p]ann1ng mode] ca11ed BALANCE - It_incorpérated a g

: dynam1c versyon dft Hogan 5 'PrOJect Independence equiltbrium—éeeking‘{:

' mechan1$m (66) ‘and was used to establlsh energy equ111br1um pr1ces 'It

_ a]so 1ncorporated fanl end- effects e]1m1nat1ng proceddre suggested by .!,"'

[ ’
- Grinold (72).

In 1979 Rowse deve]oped a s1ng1e perlod energy supply mode] for Western.
' Canada (F1gure 37) .Tts exp]jc1t ob3ect1ve was to maxtmxze net va]ue“

added in energy 1ndustr1es SUbject “to ‘ce11jngs on demands'instead’of

m1n1m121ng costs of energy prov1s1on subject ~to. floors on demands”

'- (120) Th ”Um0de1 set’ up ja number, of prtmaryy energy networkstand,
1nc1uded product1on, transport : market1ng and labOUr' variabTes "The‘

mode] was. 1ntended to form "the core of a dynam1c nat1ona1 energy mode]'

and analyze reg1ona1 and- temporal adJustments to weatth accrua] natura], .

-

i
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resource' rents.»,production. labour re%yirements and economic growth

' potent1a1 associated with different energy resource development

~.

scenarlos (IZO)f

 Using-a linear -process modeJ‘ of energy supply, convers1on and d1str1bu—

"

' tion’linked'tqla'demand model for energy and other serv1ces. Fu]ler (70)

‘constructed a dynamie 1ong term model of the Canad1an energy sector‘

-Non- llnear programm1ng was usedto f1nd the supp]y demand equ111br1um by

,max1m1z1ng the d1scounted sum of consumers p]us,producers surp]us over

"‘ a]].pertods‘n There\ were two reg1ons andthéix7 t1me per1ods . It was

~

tntended-to anaTyzehissues of . energy pr1c1ng the timing of the 1ntro—
duction of new techno]bgieét the 1mpact5’ of such»technolog1es and{gf
':vanieus policy_cdnstraints. |

‘W1th1n spec1f1ed feedstock ,sUpp]f and ~process capac1ty constra1nts

[}

Rudd S mode1 (121) m1n}m12ed the tqtal proddct1qn_ costs to the U S.

vpetrochemtcal 1ndustry The "prbduction costs comprised of feedstock.

costs _costs of other raw- mater1a13, ut111t1es, 1abour and cap1ta1 'Any

lrsurp]uejprodyctjon\of petrochem1ce15a was pena11zed by be1ng ass1gned a

heating va]ue‘insteéd of a chemical value. There'were 182 %rocesses‘

84

1nvolvedvtn the trensformatjon of; 131 chemica] intermediatee and feed-

'v'stocks‘ It"was'én excellent 1ntegrated mode of the U S. petrochemucat

'1ndustry but not qu1te as we11 1ntegrated w1th the energy 1ndustry and

its focus was to assess process technologies. and not to assess the 1ong~

term prospects of the 1ndustrye§



It s not:the intention to judgeﬂ the relative merits of the models just
surveyed but. to show that the problems associated wuth the p1ann1ng of
1arge sca]e energy prOJects have no rs1mp1e solutions. However, linear

»programm1ng presents a cons1stent framework' for such,deeisfon—making.

The usefu]ness of a ’mode111ng effort -is .11mited'1due to two major -

€
problems: '

1. DatabAqqreqation: ‘There. is 'a trade-off beEween' model size and

aggregat1on leve] ‘The smai]er. the constraints matrix, the hﬁgher

s the aggregat1on level requ1red The']evel of'aggregafion-$e1ect-,_

.ed depends on the obJect1ves of the mode 1, e.g.fin order to.study a
speeqf1c.energy industry. it must  be Amodelled in.detail, whereas

Within.the same modei_the'othér energy and non-energy settors‘may be

remains reasonab1e

P

The fundamenta problem is whether the model results from a small,

highly aggregated linear programming model are iequiVa]ent to'the.

results from a large sca}e. d1saggregated ]1near programmlng mode]

The mode]s surveyed here have, ranged from a sma]] transportat1on

model to very large tjmear “programs. Obvious]y. the causa] rela-
tidnghips in the 1atter mbdefs~ are much more exp]ieit and detailed
but is this level of explicitness and detail essential to the

decision-making process?

‘h1gh1y aggregated C This s done to ‘ensure that the mode] size

85



2, Prices and Costs: "Prige'vprojecfions ‘apd the costing of~esoteric:

newer technologies fornm are other probTems'faped,by_the)modéller,

estimate the actua) pfiges. Furthermore. model results are ehti[e]y'

depéndent‘On the " unit  costs selected, e.g. it s possﬁble to

e]iminate'the production of a spécifjc-petrqxhémjcaT by pricing it .

too high. Finally, in his attempts to get 'reasonable’ results, the
modeller may select a set of price'pfojections and costs consistent

with his perception of an energy future.
. L4 o

{

i

Therefore, the objective of ]ihéar ~programming‘ supply models is not to

make, forecasts of 1ndu5frial deve lopment but to ga1n'1nsights into how

“such déVe1opment occurs and the factors that play d”ro]é;"Hencé, the
hoVé]ty of Ihii“thesis ~is not  in ‘the ‘model development but in the

_1nsights‘ga1ned from running the model. =~ In the next chapter, the model -

. Vs described.

The modellers agree that equilibrium prices ‘consistently under - -

86



CHAPTER v. MODEL DESCRIPTION

In 1976, AERAM was conceived‘et‘thev1A1beria Research CounCil. It Wes‘a'
techno:eeonomic representation of the'_preyineiai‘energy sector,. linking -
primary resQurLeé to exogeneous Jeveis; Of_}energy demand[  By the deve-
1opment of.variods plausibleenergy %npbly §tenarios, its‘purpose was to
ass1st in formu]at1ng the long range energy or1ented research activities
at the Council (113), f.‘Its potent1a1. as a tool for pol1cy ana]ys1s,b
:aftr;cted po]ﬁcy groups 1'n the~prbrfnciel‘goeernment ' Its further. deve-
1opment was part1ally f1nanced by Alberta Energy and Natural Resources'
and ]ater on, by the Energy Reﬁdurces Conservat1on Board. Techn1ca11yﬂ

' AERAM evo]ved 1nto a normat1ve. reg1ona1 inter- tempora] demand-driven,

determ1n1st1c energy'supp1y mode]h wwth'c1airVOyant features.

Ifs qxpTic?t objective wes toiwprpyideﬁenswere to the fo]fowing qneéffon'
(101): - | | | L

s a o o .
”wnat 1S’Enebqptjmum a]loeation of Alberta s energy resources., ever edmé”
~planning period, which . would _satlsfy futureb nap1one} and provineiaI
| energy demands“wnien:yop]dm be- reasonab]& expected of them;_shbjecilto
‘ bertinent bhysice1ﬁdnd'e}ternei'conStrainfs?”J |

kS
Yo

In 1978, “the ‘mbde1 ‘1denfﬁf1ed. the: preférred',options‘ to be: (a)
1ncreased natural gas exports and;n (b)) acéejerated'oil sands‘develop—
ment:’ Another s1gn1f1cant fconc1usien¢ wasltnat‘non¥energylfactorsfsucn'

B -



as land, water, construction manpower <and social infrastructure would

not be 1imiting and would not alter the schedule of gnérgy projects.

-

 Regarding petrochemicals, it concluded that coal would become the brin—

"

cipal feedstock for new methanol and ammonia plants (113).

13

A subseqhent analysis (115) showed that the export market could outbid

the petrochemical industry‘for natural gas. It recommended that “the

governmenht mandate the use of coal as a feedstock for future methanol

jnd ammonia production and that the natural gas so conserved be made

"~ MAGEN has the fo]]owing‘featUres: Y

~1.>Unlike many other input Systems such as the unéugmented.MPSX system, o

availablelfor export.A portion. of the incremental gas export revenues
would be used to compensate the petrochemical producers for switching to

coal-based processes.”

In the suhmer of 1980, the model was translated from IBM's Mathematical

Programming System kMPSX)~ language to the Haverly System's software

4

preprocessor called MAGEN (73).

" the MAGEN matrix generator program neea not. and should not, contain
any fhput dqtaQ\\ln§tehd, these data can all be included in a 'DATA'

‘section ih,thé form of 'TABLES'. .As -a consequence;jthe‘user ¢an run

a number of scenarigs  here1y by altering 'TABLE’ entries. without .

_ Having‘to;alter the program.
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2. The MAGEN matrix ’generator‘\programming system wuses a high-level
user-oriented computer language, which makes extensive use of the
cohcept of ‘CLASSES'. Many of the activities or variables in an

energy model can be aggregated into.natural groups which are callep

'CLASSES‘. The MAGEN System uses 'CLASSES' for esséntia]ly the same

purposés that a language like FORTRAN‘ uses loops., but without the

_necessity of keeping track of all the indices. In an enargy mode 1

logical 'CLASSES' might include: .l “’”j‘g{;’ .
1. Primary energy forms - coal. gas. oil, uranium.
it Sécondary energy forms or services - electricity, refinery

“products (ga5011ne diesel, fuel 0il). betrochemiéal proauqts

(ammonia, methanol,A‘aromatics. ethylene. derivétives),'pfocéss
heat. space heat.

i1 Energy conversioh processes or . dévices = refinery procésses

. power generat1ng plants, synthet1c 011 and synthet1c gas technol-

ogwes. petrochem1cal‘ processes. 1ndustr1a1 and  residential

~ heating systems.
iv. Discrete time periods, goveang.the planning horizon.

In summary the separat1on of the input: data section from the matr1x

.-

" generator program sectlon perm1ts_ the user- tov make. a who]e series of

ana]yses without having to alter the prbgram; If structural changes are

B needed, the powerful MAGEN programming lariguage enables these changes to

be made in a relatively easy manner. e SR
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A 4 V : _
An application of the MAGEN-MPSX system to a test problem (117) 1s

1nCJuded n Appendixv'A'. This is done so that the reader can under-
stand the formulation of the expandéd and modified version of the model
which was used to generate the results presented 1n Chapters V&I and

t

VIII.

Up to 1981, all the versions of the model had minimized the energy

supply costs for meeting an exogeneous set of demands. The demands had

to be met regardless of whether 1t was economic to do so or not. In

‘1981 the objéétive was changed from cost minimization to profit maximi-

zation: demands were met only if it were profitable’ to do so. This
gimu]ated more reélisfical]y the response of the Alberta enefgy sectér
to a specificvscenario.‘ Petrochemicals were modelled in greater detail:
there were 10 petrochemicals andv 15 petroéhemica] procegsés modelled.
lThe results were compared to the Enérgy Reséurces.Cbhservation Board's

Ihdustria1 Development Profilerand two. key. conclusions were that “the

A pace of 01l sands déVe]opment WﬁJ] be determined by goverﬁment policy

‘rather than by . process economics“ and that "Alberta will be into a

decade of mmense petrochemical development” (102).

In I382; due to the recession, perceptions had “changed. There was a

more. pessimistic perception of the wor]d‘_crudé 011 pﬁice pfofile. To
fef]ect thi1s change a 1982‘scenar16 Qas déveloped'(ldo).‘ It indicated a
considerable scaling down of Alberta petrochemical activities and a

delay in oil- sands plant construction.
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The 1982 mode 1" version was modif ied ;nd €xpanded $o thatiit could serve
as an analytical framework which could be wused to assess the long term
brOSpects of Cénad1an petroch¢m1ca154 In order that the reader may gain
an appreciation Bf the ‘amount ‘of effort that went into developing the
model so khat 1t could be_used to achreve the objectives of this thesis,

the 1982 model version is described below.
For a time period t there were 19 sets of constraints:

1. Alberta 0i1 Balance

Conventional o011, synthetic crude and condensates formed the ‘011" pool.
from which oil went to existing and new refineries and to Eastern

Canada. The conventional oil production was exogeneously bounded:

2. Alberta Gas Balance

'y

Natural gas and synthetic natural gas from coal formed the 'gas' pool.
Natural'.gas was exported to the U.S.. sent to Eastern Canada. used 1in
existiﬁg and new industrial plants as a fﬁe] and/or feedstock and was
required to meet proQincial Consumeré requ%rements ;or space heating.

Natural gas production, exports and ex-Alberta deliveries were bounded.

,3.  Utility Coal Balance

Alberta utility coal production was intended for existing and new coal-

fired power plants.
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4. Non-Utility Coal Balance

Alberta non-utility coal production was the feedstock to synthetic

natural gas and petrochemical plants.

5. Petrochemical Balance

Existing and new petrochemicals production went to satisfy the petro-
chemicals demand. The petrochemical demands curves were based on

netback pricing of demands in Western Canada. the U.S. and the Pacific

rim countries.
6. Secondary Energy Balance (electricity, refined o11 products)

Secondary energy production satisfied indu€trial and consumers demands

in Alberta.
7. Natural Gas Liquids Balance (ethane. propane. butane and conden-
sate§)

NGL produced at gas reprocessing plants, refineries and industrial
plants was either sent to other province&s, exported. satisfied Alberta

consumer's demands or served as a petrochemical feedstock.

q¢



8. Natural Gas Liquids Feedstock Balance

Thys accounting constraint was ntended to sum the total NGL required

for various petrocﬁem}Cdl processes.
9. tthane Extraction Capacity Lymit

¢
Existing and new high-yreld ethane extraction wds a functhron of the

quantity of export and ex-Adberta gas. ,
-10. Ethane Extragtion Capacity Expansion Limit

Addit1onal ethane extraction activities were a function of existing

ethane extraction activithes.
11. Propane Extraction Capacity Limit .

Propane extraction activities could not exceed the total existing and

new ethane extraction activities.
12. Canadian 011 Balance

Ex-Alberta. frontier and imported oil satisfied domestic oil demand and

exports.

X
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13. Canadian Natural Gas Balance ¢

tx-Alberta Qas. Bratish Columbiga and  frontier gas production satisfied

domest 1c. ex-Alberta dand Bratish Columbia export gas demand. Thus, the
NGL production associated with Bratish Columbia exports wds not 11ncluded

In the Alberta NGL totals. The B.C. productiron was exogeneously

specified.
14. Alberta Industrial Actaivities

: -
This was an  accounting constraint which summed the existing and new

industria) activities. ancluding refineries, power plants. NGL extrac-

tion plants and petrochemical plants.
15. Total Demand for Alberta Petrochemicals

This wds dn dccou'ng constraint which summed the petrochemicals

demands from the incremental demand curve.
16. Capital by Type

This constraint summed the capital requirements for sets of symilar

é£t1v1ties.
17. quital Balance

The capital required for new industrial plants was summed .



' 18.-Total Annualizéd Capital Costs

The total annualized capjta1‘costs were ,a function of ‘the total capitdl
costs.
19. Annualized Capital and Operating Costs

The annuaiiied capital and operating costs were summed.
20, Objective Function

The-diécounted revenues‘:from"the domest ic ~and. export.$a1e of energy

forms and petrochem1cals were: summed Frem this value, the dfstonnted'_f’ﬁ'

‘:costs from the Alberta product1on of energy and petrpchehjcal"forms5was*
" deducted. The prof1ts or economic rents were‘maximjzed;

4y . . . . U

- The exbandedband mddified. model  had 45 seté 'of'constrafnts per.timgﬂjﬁ
‘period{' # |

1. Alberta Product ion of Cénventional Crude from Varioué'Categbries
There are three’ categories of  Alberta “oil 1dent1f1ed by d1fferent;

A'expToration,‘development‘and lifting costs- The three categor1es arej'
'discovered’, ‘tertiary’ and 'undiscovered’ . Dlscovered oil represents,

tare accessible through tertiary: recovery and und1scovered 011 represents

'~the 011 that ‘may be discovered in the future

the remaining proven reserves, tertiary oil represents the.reserves thatA.‘;
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*Q.InFthié Sef_the:énhdal'pfdddcfidﬁdfrom'thé‘thrée catégories.fs summed .
2. Hibernia 0il Deliverability == =~ '~

f.PrépfdedtTon‘dctiVifiés (exploraf1on and develdpment) résu]tdid‘a quaﬁ; :
?1t1ty of H1bern1a 011 from ‘é part\cu1ar f1e1d. wh1ch1wi11 bd'avdj]db]d'..“ : :_i Y
7‘:for product1on. based on an exogeneo&s de]fverabi]ity prdfilé. dfhié is - | 'i'lf
}ca11ed the annua] potent1a1 product1on frdmv fhat ‘field. .If. it 15 np£:,, o :
produced in that  time per1od,v_itz 1s‘aavdiidb1e for }hfodudtfodifhf }‘ - ’f;/;'
subsequent time periods;" P (i | = | |
N P SRS o
In this set the preproduction»activities in a1]~t1me periods up to. and
{dc1dding the period ih:qUeétioh. t, are mu1t1p11ed by the appropr1ate -
de}ive[abi{ity cdeffidiéntvahd then .summed‘ to glve_ the tota] annuqi S
potentiél‘prdducf%onJindffme d;rjodiﬁg-d ' ‘.f'> d, d A / |
3., Hibernja.0}1v;jyétajJPrépﬁoddctioﬁfcosts,vM»ﬁ, ey

DM
o

o _ SR e - R
The preproduct1on act1v1t1es lncur costs WHich,~are ambrtyéed based:oq*’ff?f~’(,j_-

e ) ) R 7

/

,the productton schedu]e.' : Th tota] preprdddctiod  costs ffh,d time

period, t, aré the5 summat1on'zof amortiied <tapitaT cost'coéfficient§~

\ y
mu]t1pl1ed by the preproduct1on act1v1f1es in: al] the t1me per1ods up to :
SN _ . _ S

/ e
and 1nc]ud1ng t1me pér]od .o Lo o
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4. ‘Hibernia 0il - Total 0il Annual Production
. S
‘Theftbtel'annue] 0l 7producti6n in Hdbernia _is‘ the summat1on of the_

‘ 'annua] potent1a1 product1on from the 1nd1v1dua1 f1e1ds
5. Hibernia - Cumulative 0i1 Production- *

jThe cumu]at1ve productlon.at the end of t1me per1od t is equa] to sum. of
x ?the cumu]at1ve productlon tat fth : end of - time per1od (t l) p1us the
,product of ‘the tota] annual preduct1on and; the number of years 1n a tlme
.‘pQrJOdT - _ , L R ey

: 6;;vAJbertanGas:Pnpduztﬁon»From»Vertqus Fters,;'Hin‘

-

theaaigre three categories of IAlberta._naturth gés:tdentitied»bv dif-
. ferent_preproduttion and‘ %1ft1ng 'costs--' .The"three categortes ‘are
Ldiscdvered’ _ und1scovered and t1ght' D1scovered gas represents the- 

;rema1n1ng proven reserves und1 "T’d gas - represents the gas that may I
<be dtscovered 1n future and t1ght gas represents ava11ab]e reserves thﬂaﬁ
are current]y too expens1ve “to produce belng in concrete hard geo]og-

"Jcal'format1ons cal]ed tight sand,

“:In this set the annua] product1on from the three categor1es is summed :



\

7. Alberta Gas Deliverability

 Preproductibn activities result in a quantity of naﬁura] gas whichrwi11

:be avaiiabléf fdr“prod0ctibn. based on an 'exogeneoﬁs de]iverébility

profiieh' If:it is not produced in a particular time period it is -avail-

: able for production in futhfe' time periods. ,"The,hétura]’gas deliver-

a abj]ﬁty in t1me .pen@dd t §s summation :ofv'the potential and carried

forward de]iverabiiities from time periods up -to and including time

:period t.

- 8. Alberta - Unused Gas Deliverability

98

The unused gas deliverability -is equal .to the difference between the

' de1iverébiliﬁy“and-productﬁbn in a time:péfibd.

A

9. Alberta - Gas Préprodu¢tibn'cdsf§ '

The preproduction activities incur ‘costs which are amortized based on

~.period, t, are the summation of prepkonction activities froT,perﬁod'l"

to t multiplied by the appropriate amortized capital cost‘coéfficieqts.'4

B the'pfodutinn fséhédﬂ]elz :.The "total 1pfeproduction coéts' in a time -



10. Alberta - Cumulative Gas Production -

The cumulative produttion'at the end of time period t is equal to the
| sUm of'the cumu]ative production at the “end vof‘vtime (t-1) plus the
product of the total annua] productlon and.ithe number of years in timeu

‘per1od t.

11, »EasternsoffShore Gas Balance-

ST | I , Sy o ) :
The . Eastern offshore natUra] gas product1on goes to. the Atlantic

Ay

Prov1nces. Toronto and North eastern Unlted States markets

/ %

12, Eastern foshore Gas._ Productlon N
There are tWO-categories of‘ naturat-'gae - proven and probab]ef. This

constratnt set sums the annua] product1on from these categor1es

i

13. Eastern. Offshore Gas Deliverability

-Preproduct ion *act1VWtiesﬂ'reSu1t‘,in a quantﬁtyf‘of 'EasternIOffshorev

‘natura1 gaé‘which’will be avat]aole f:;[

‘eous.detiverabifity'profile If 1t is not produced in a partlcular ttmeg"
eperiod it s aVaitab]evfor_ productton in future t1me perfods i Naturatp

éas de]fverabitfty in tfme perlod td is the summatlon of the potent1a]_-
and carr1ed forward delfverab111t1es from t1me per1ods up. to and 1nclud—d'

&

1ng tlme perlod t

product1on based on an exogen— o



14. Eastern OffShore'- Unused Gas Deliverability
The wunused. gas deliverability js, equal- to .the‘differehce between the .

vde]ﬁverabi]ify.and preduction_in‘é time'pefiod.<
15.. Eastern Offshoré-- Gas,Preproductiothostsh
3 o i s :

. The preproduct1en actevet1es incur coetsl which are‘ehortiied besed oh'
the productlon schedule The fo£al-preproductlon costs ina t1me per1od
‘t are the summatlon of preproduct1on activ1t1es from 'per1ods‘1‘to_t

’mu1t1p11ed by the appropr1ate amort1zed capltal cost coeff1c1ents |

Y

16. Eastern Offshore .- Cumulative Gas Production

The cumulative production at the end of  time period t is equal to- the
sum of the cumulative production at the ‘end of tﬁmeeperibd-(ﬁ—l)‘plps
the prodhct of‘the.tota]_hannua)"pkbduetjonf and:the.hember of»yeahs;in

‘”,tjme‘period t. - ':,3

.ellJ;:-A]berfa Naturaj Ga Liquids Balance o

-vThe net’ product1on of atura] ~gas 11qu1ds from the A]berta energy sector'.

:1ess the Western dema d s, equa1' to- thev natural gas 11qu1ds sent to

Eastern‘Canada-and.th -United States:
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18. - Eastern Canadian_Natura} Gas Liquids~Balance-~.

‘The net broductjon ~of natUraJ~_gas liquids from the Eastern Canadian
8 energy sector plus _the‘ natura] -ga "ldquidé 'reeeived from Alberta s
’ equa] to the Eastern Canad]an consumers demand; o - o . ' ‘ {‘,
19. Alberta Synthetic Crude Limits
) The product1on of synthet1c crude from ex1st1ng 01l sands p]ants and new

S

: mrned and in 51tu 011 sands . p]ants is restr1cted by exogeneous ]1m1ts
20. .Alberta Bitumen Limits.

»JnThe b1tumen product1on from the two types of in s1tu 01l sands p]ants 13

-4

': restr1cted by exogeneous ]1m1ts

,Zi.z_Alberta_Synthetic'Crude Balance

: &;.s,f'vThe net product1on of synthet1c crude from 011 sands p]ants 1ess what 15'

B S a
‘used Jn‘Alberta- ref1nerres s -sent ‘either to _Eastern Canada or_is

~exported,
522; “Alberta Refined 0il Products Balénce- .

The domest1c product1on p]us 1mports ‘]ess.eXQOrts of'individual refined
0il products sat1sf1es 'the Western_ Canadﬁan demand for that product
| f Ihere_1s a cost‘pena1ty imposed on 1mports and a d1scount on exports to

_discourage eithér activity.



23. Gas Balance on ReprocessingdPlantgr
| | R
,Ohly.gas efported‘frdm_ Alberta goeé through reproceestng plants where
:the ethahe and propane tomponents are extracted. Production from‘existj
ing p]ants,_newzstraddle pTants endtnew,daepjcut plants ts'model1ed.

24. Operétiohpl Modee_for Straddle:P]antS U

-

Existing straddle plants can handle both:'old' and ‘new' gas. differen-

tiated by -the-levels of natural'gas Tiquids. New,gasfis leaner.

..°25.  Alberta: Capacity Additions

K ' V*‘Q\‘ ‘ . “"‘ L X N :
L%

,1I@Lnew capac1ty 15 added n 'e .time petiod..t,~then'its'production QT]]
be bd%ed on an exogeneouﬁ product1on pﬁdfile;. fhis 18 Qhere the.ctair—h
voyance of the mode] is apparent —*_e4 new plant w111 not dlscont1nue
'fproduct1on QUe to some future catastrophe. 1f 1t cannot mamnta1n produc—

e

.lpwon%dur1ngthe gata§}roph1c,per1pd‘.then_1t_wal nqpnbe’butlt.

h The capac1ty add1t10ns of 1nd1v1dua1 techno]og1es that are ava\]able 1
\“ B

t1me per1od 1 are th sum of the cap§c1t1es added durwng per1ods 1 to e

mu1t1p11ed by the approprrate product1on coeff1c1ents

. -
&

© 26. - Alberta - Agnualized Costs for Capacity Additions

B R o [ - S X o N : L

e s o '

2

’_Theitofa1 annualifed edst$ ?or . ﬁi’ technp&ogies L& equa] to the tota]

annua] operatlng cosgs and the tota] annua11zed capktal costs

+ N

102
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27. Eastern Canada - Capacity Additions

The capacity additions of individual 'technolpgiés that are available in
time period f‘ére-the sum of the capacities added during peridds 1 tot
. » . )

mu]tiplied'by the appropriate production coeffitjents.
N
L.~

28. Fastern Canada - Annuélizad Cdsts for Capacity'Additiong

The tdtal annuélized costs for ‘all Eastern Canada techhdlogies’ig.equa1
. to the total annual operating costs and the total annualized capital .

costs. - - ' : a o o ‘ . . o \

‘29;f‘Alberta - Balance on All Energy‘and'Petrchémicaletreéms

F e :
vl MQ‘?}F}‘V

The net production of .an. individual ehergy‘ or petrochemical form is
equal te the energy form produced or consumed in existing and'new plants -

‘in,Albefta{v_,

‘~;'For,crude oil, the ne£' production .surplus to A]berta's.requﬁrements.15
'éithéflsent tobEasteEn_Cahada or_is‘ eprrtedl For natural gas. the net
production is either consumed in Alberta industries which have not been

_mode]Ted (exogeneous demand) or - is sent either  to EasfernsCanada or

exported.’

For coal. the net production is -.exported and for electricity the net

 production meets the exogeneous consumers' ‘demands for it.



-
(2

30. Eastern Canada - Balance on Al Energy -and Petrochemical Streams

&

The net production of an individual ‘energy or petrochaﬁ'céi'fcrm 18
B ' . ' . i w
equal to the energy form.produced or .consumed in 6xisiing an:wnew plants

in Eastern Canada.

For crude oil. the net production plus conventional and sy%{’u
© from Alberta, Hibernia o0il, .and Eastern condensate (ﬁs 'é&&“lkto the
Eastern Canadian demand for it. - ‘ "gvﬁj,‘ ™ “%&m

For natufa] gas. the hef produgiion b]ds the natural gas from Alberta

and the Lastern Of fshore is equal to the Eastern Canadian demand for it.

31. .Totdl'Capital Exbenditures in the Alberta Energy Industry

" The totalrcapital expehditures are equéT to the cqpital expenditures in

the‘natura1‘gas'seggof (separately mode11ed, as-shown previously) ahd,  ‘

Capita] expenditures in the other energy and petrochemicaql Sectors.
32 Alberta - Types of Capital} Used

Three differént capital pools which- représent the capital pools avail-

_éble for oil sands and petrochemical’.ahd utilities planf construction

are modelled. For each time period, each pool has made available a -

certain quantity of-capital at some annualized ~cost. In a case where

étqhomié activities in the ‘time period exceed this level of capital
, | e oo EE o ‘ »
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- investment. additional capita) can be made available - but at a higher

annualized cost - to take into aecount the premium that must be paid for

capitél, labor and materials. In other words. each pool 1s represented

with a two-step supply funcfioh;

The significahceyof the annualized capital coits on each‘indivjdua1
project -is self-evident. For projects such as oil sands plants, where
capital cost is a . major cost, changing the minihum requifed rgte of
return by a couple of perceniage points could mean the project can
change from a profitable to a nqn+prof1tab]e‘}venture and‘yfke versé.
Another significant effect 18 .thaf ‘sihce,1ntermediaté'en¢rgy forms are
not'priﬁed. the required rate of return Qili determine the price of the
1ntérmed1ate energy product to the‘danStream processés.' (In this case,
price is equal to cost.)  An' example ‘of this is ethylene where it is

- priced at cost of service to the second derivative plants-

33. Total Gas Exports from Alberta to the U.S.

, , . . , ‘ A
There are seven U.S. market regions “for Alberta gas. 1In this set the
natural gas expor{s‘to the seven regionS"is totalled; Using this con-

straint set the total natural gas exports to the U.S. can be bounded.

§4ﬂ Gas Imports Balance in Two U.S. Market Regions

»"

In Northeastern U.S. mérkets. the maximum  demand at.a épécffic exogen;

 eous border‘prﬁce is available to Alberta and Easterh.offshorefhétura1

gas producers. - o ' v S
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35. Alberta Industrial Gas Usage

The industrial gas.usage 1n Alberta 15 the sum of the usage‘ln existing

\

and 1n new industrial p]ahts.
36. Demands for Petrochemicals in Market Regions

The demand for an individual petfochemical in a market region may be
satisfied either by Alberta production or by Eastern Canadian

production.
37. Economic Rent for 0il in Alberta

The economic rent is equal to the difference betwéen the 01l revenues

and costs.

38. Economic Rent for 0il in Fastern Caﬁada

: . ) =
The economic rent is equal to the revenues generated by Hibernia oil

less the capital and'operating’costs involved.
39. EconomicvRent for Gas in ‘Alberta

The economic rent is équa] to the revenues generated by exports. Eastern
Canadian sales., Alberta industrial sales. ethane replacement revenues.
Alberta residential and commercial sales less the capital and operating

costs involved.



40. Fconomic Surplus in [ne?gy Sector '

The economic surplus™1s the difference between the revenues from the
sales of all petrochemica!s and energy products and the related costs

for their production, transportation and sdale, 1n a particular time

period.
41. Limits on Eastern Frontier Reserves of 0il

The preproduction activities in all time periods cannot find more 01

than 1s available in a particular category.
42. Limits on Alberta Natural Gas Reserves ¢

The preproduction activities in all time periods cannot find more gas

than 15 avarlable 'n a particular category.
43. Limits on Frontier Gas Reserves

The preproduction activities in all time periods cannot find more

Eastern offshore gas than is available in a particular category.
44. Limits on 0il Sands Reserves

The preproduction‘activi%\es in all time periods cannot use more o1l

sands reserves than are available in a particular category.



45. Objective function

The present worth of the economic surpluses from each time perayod 15
E

maximized. -

It can be seen that the mode)l was greatly expanded and modified. To
summar ize. ‘the current version of AELRAM contains the following major
structural changes:

»
;

1. It vs far more specific 1n examining the competitors to Alberta’s
energy products. For convent1ona1 511, the production from thé
Hibernia f1eld 1s endogenous. For natural gas. the production from
Sable Island 1s endogenous. Production from a sygnificant segment
of the petrochemical 1industry in Eastern <Canada 1s endogenous.
Recognition of the beflief that 1n world petrochemical markets
(particularly 1n the Pacific rm cantr1es). the swing suppliers

will be the U.S. Gulf Coast producers,. operatxng on a cash cost

basts.

2. Markets for Alberta's energy products are specified in much more
detail. U.S. demand for Canadian natural gas s specified for
seven regions, with an individual demand—price stepwise curve for
each region. Demand and price for Alberta's petrochemicals *1s
spec1fied for each of five different regions. Markets and prices

for condensaté—bitumen blends in the U.S. are estimated.
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3. Exploration and developméqt activities for'conyentﬁomél‘oil abd’gas
~are mode 1 led more rea]istical1¥¢’takimg into account the prcdpction

aﬁgﬁofile of a field after it has been discovered.

- . ‘A‘ . N . ."‘. o ' . . - » .
4, Recod@{zing the overcapacity in .many parts of the energy sector,
the,model uses only cash'coéts for'existﬁng energy'faciljties.

e

K3

‘covefﬁngball reTevant-méferia] stFeams, for“each energy technology that

is pgrceijed to be significant over the planning period covered in the

. model. lhe energy streams that are specifically accounted for include:
o ' . ' . . . : .

v - . ) Lo : T,

1) Primary enérgy forms: vsub-bitumincj_us-~ thermal coal; convéntfonal

’ . : L .
crude oil {1ight or medium): heavy ‘crude oil; bitumen from oil

"sandézﬂSynthe£ic crude oil:; coal 1ﬁQUidSv_via'coa1 liquefaction;
‘hatdhaﬁ,gés component s and synthetic natural gas from coal

~

~In_addition, alternative Canadian primary energy sources are

included in the analysis.

Y
ey

N

'PerUctﬁon.of‘JSaskatchewah_‘heavy “and_:1jghtf crude. ofl;_and‘the

surplus brbductionvof7BC natural gas afefé}ogenous variables. -

'However. prbductidn of oiT. from:jHibéhhia7band'Beaufoft ésiweil as -

product ion of natural gas from Sabie Island, Beaufort SeéQDelta and

Arctic Islands are determihéq1éhdbgen0051y. B

The technica1-descriptidn'ihciudes: a Qéet_of 1nput—outbut_coefficﬁents. 
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2) Secondary; energy products:'-e]ectriCitys»”refined>.ofli products;

primaryfpetrochemicals eto&ene propyTene, fbuty]ene, oeniene):

:secondary petrochem1cals, ammonla metnanol'ffor-chemicaf'and-fuel—.

Vrelated uses, 1ow dens1ty po]yethy]ene hfgh dens1ty po]yethy]ene. f

# MI :

“ethy1ene glyco1 styrene' v1ny1 aceta&e' monomer, v1nyl ch]orfdei o

monomer polypropy]ene and butadfene

I

cProductfon of certa1n petrochem1ca1s fromfva“Segment-of tne petro;t

Ve

“chemical. 1ndustry in Eastern._ Canadav (primari1y«sthe; Petrosar:

,comp1ex) is mode]led

| ThexeCQnomfcmdescrfptfon oft»then:energy'sectorbfnc1udes a soecificationfi
’for‘eath’fréfeyénte ?roduction }Ar'»éoﬁvefsion technology the cap1ta1ﬂ‘
costs,-as'of'tne.foegjnning. of ‘productfon (1nclud1ng a]] prepro&uctfon;'-
expensesland.'carrying charges durlng construct1on) flxed operatfngo

costs var1ab1e operatfng costs (wh1ch are proport10na] to product1on)f‘

“and the costs»of cap]ta].

The model 1nc1udes a forecastr of. relevant econom1c cond}twons, over,i

which the Canadfan energy sector has 11tt]e or no . contro]

+

These projectionsrfinc1ude"'far forecast of° wor]d voii"pricesvfn U'S .‘
'do11ars, a forecast of Can U. S exchange rates, a forecast of pr1ces of&
Canadfan oil (and reiéged 011 products) and for natura] gas (and natura]-‘

gas 11qu1ds) a forecast of Canad1an demand for 01] (and ref1ned 011'

products) and natural gas that 15 con51stent w1th the pr1ce forecasts. -a
‘ forecast of u. S. demand for' Canadfan gas by reg1on and by prfce in

stepw1se curves, a forecast of U S demand and prfce for petrochemfcal
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AN

markets serv1ced by Canad1an mahufacthfers,~ 1nc1ﬁdjhg U.S. and Pacific.

e

‘r1m countr1es.{ a forecast of ‘tranSportatidh for

costs b op

. secondary energy‘productsr_ ) oL e T

2 The mode] hand]es the end effects prob]em d1scussed inQCheefec,IV'by
se]ect1ng a suff1c1ent]y long p1ann1ng hor1zon (36 years)'ane by;us1n§__
cannua11zed.cap1tal_costss. The fractwon_}of capital cbsis ic BeA6551Qned'
ennuale are caﬁcﬁfeted{as'a fﬁqcficc'indisccuht'cate ahd;plant Iifei

} - , o S B S
‘; A six tlme per1oa VGFS]OH dfﬁcthe ‘mode 'comprises 742~constreiﬁt5-andb
s_1625 var1a les and takes_ 20 65 CPU seconds to;epuns,on"aﬁ IBM 308fv‘_v‘
computer A model 11st1ng may be ‘obta1ned by contact1ng the author at
.the A]berta Research Counc11 7th Floor, Terrace Plaza 4445 Ca]gary ‘:-;

Cfrai South. ‘Edmonton, A]becta, TeH 5R7.
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CHAPTER VI. DATA DEVELOPMENT

_.:_:_.__:.__.._.___...___.__._..-.._..._-.._....

. Inethis Chapter, the data tables ‘are desé}ibéd. They are divided‘into‘
"‘tseyenvsectfons. The sections care pr1mary energy reserves, demand pro—_
jectior re1ght/tar1ff prOJect1ons . price prOJect1ons, energy/ petro—

chemicf echn1ca1 economlc data _ product10n/de11verab1]1ty bounds and . .

.4

f1xed parameters tables Un]ess otherw1se noted. all doT1ar va]ues are

in m1del983 Canad1an~do]1arse - 'The',values shown in th1s chapter have -

' been:used in the‘base:scenario'run-descrjbede1n‘the~next-chapter.

' SECTION A PRIMARY ENERGY RESERVES

 There are threeftabies in thﬁs_sectiOn:7

'fl. TABLE ROS 011 Sands Reserves.;

Wt //}ABLE MCOTL ; Conventional D11 Reserves and Costs.

Faoens

';'3. TABLE MCGAS: Natural-Gas Reserves and Costs.

<

‘-‘MATberta's:oi1 sands Adeposits vare estimated to _conta1n 1200 b1]11on,"'

barre]s of oil 1n place ' On]y a sma]] fract1on of the dep051ts where:

- the thfck rlch 011 sands beds ‘aret over1a1n' by less than 150 feet of -

: sed1ments can -be produced by surface ﬂa@1ng technfques The rema1n1ng

dep051ts are deepfy bur1ed and must be recovered by in situ methods
Such methods 1nvo1ve product1on from a“we]] after some sort of strmu]a-
thﬂ In Tab]e 5. there ‘are three .categor1es of reserves. ORM repre—ﬁ

sents the reserves that .are recoverab]e by surface m]nfng techniques., -

. ORl represents the best qua11ty ‘of, in s1tu reserves and ORZ represents,.

the in s1tu reserves that are 257 more expens1ve to produce than ORl
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Reserves -

(MMB)

ORM - 19000
ORL . 3000

o 0R2 . © . 14000

© Table'5: TABLE ROS: O0il Sands Reserves

f



vAcéording'to -ERCB estlmates (58), there a are * 25 b11110n barrels of

._synthet1c 01 recoverable by surface,fminﬁng techn1ques Each 100’000f

'jbarreTs reserves over its operatrng 11fe -’ Assum1ng that one plant can‘

[N

.

114

barreTs per day pTant. operat1ng"over 25 years requ1res 912 5 m1TT1on' o

‘be bu1Tt every four years over: the 36 year plann1ng hor1zon n1ne pTants,v_.,'

' estrmates of the recoverabTe n situ reserves The best in swtu s1te 1s'

‘conservative than the ERCB estimate.

,twrllfrequ1re 8.21 billion barreTs._"’Ini Table 5,the~0RM vaTue is more .~

S1nce in situ 011 sands techno]ogy is StT]T 1mmature there are no formaTr,a'

Tocated“at Con‘Lake.- ATberta..o Based . on pr1vate commun1cat1ons w1thj‘
‘f”peopTe knowledgeable 'in.Tthef.area. estimates 1nd1cate' that over the

”pTannTng horﬁion;‘ poténtial exists  for BOO;QOO ‘barreTs .per day “of

synthetic‘oiT‘production‘fromicon"Lake-typen deposits. There are many';'.,-

‘ 1nvs1to sites that are around 25; 'jnferjorvto the bestfdeposits{ a’rea-

sonable estimate is that the potential  from such sites is 1.5 million

f'barre]s’perfday;.

In Tab]e 6. .th ~Alberta andl H1bern1a cOnventionaT'\oiT'reserveS’are'.'”

~caTTed d1scovered "tertlary and und1scovered OHA and OHB repre—,

a o ,
: 1ndustry 1s ana]agous to 'p]ant cap]ta]ﬂ expend1tures 1n manufactur1ng

shown. OWA OWB and OWC represent the three categor1es of ATberta 0il -

' sent the d1scovered' and - und1scovered‘ Hibernia reserves respec— :

t1ve1y. The.exploration and- deVeTOpment- function 1n the oil. and gas*,-"

where these expenses are amort1zed over the product1on prof1Te 1n subse—

'quent years The actuaT cost of a unlt of product1on 1s a sum of the’9’

cap1ta1 charges and operat1ng costs. with the former be1ng 2- 3 t1mes the

/
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m-. N ‘ , ‘Pr’e.vpr‘o‘diu-.c»'tiq’n i - Lifting .
\’ o R_ésérves__ o o ‘Costs S i ',. Cos't-s_
(MMB) - . ©($/BBL) - ($/BBL)

. OWA. 3100 - .00 - . oo .
oW 1300 0.00 - 24.00
S owe 1200 . 0.0 . 28.00
OOHA 1800 . 865 - 9.90
OHB - 4000 1100 - . 13,00

- Table 6: TABLE MCOIL: Conventional 0il Reserves and Costs.

‘-
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value shown in the ﬁnrst co&umn dependtng upon the cost of cap1ta1 and

the product]on prof11e In thTS anaTys1s ‘the: neal ;ost of cap1ta1 of‘

127 for convent1onaTgptT,and’gas: and 159" for front1er 011 -apd gas has
v - 5 : St - .
been used. ' P ' t A,

ySinCe the‘OWA réserves‘have aTready been dlscovered the1r preproductton

s

‘lcosts are zero. the T1ft1ng costs ‘are based on current est1mates The
: \

.OWA and OWB reServes vaTues are based on ERCB estimates (58)‘ The ONC

. reserve_value 1S between the GeoTog1caT Survey s ’h1gh conftdence cand

‘average eipectation' vaTues (110). The . OWB and QWC costs shown in the

“third chumn are the ’totaT Acosts including the amort ized preproductfon/

.costs the vaTues are based on- current tertlary recovery cost esttmates
- The GeoTogtcaT Survey S esttmate of Eastern Offshore d1scovered reserves
‘_1s used for OHA the OHB reserves vaTues are based on their- 'htgh confj—

Tdence vaTues.. Th e.;OHA _and~ OHB costs are'est1mates based on recent

Economic Council studies (54).

TIn Table 7:the ATberta and.vSabTe Island natural gas reserves-arehshown.

5GWA GWB and GWC represent the three categories of Alberta natural.gas'

“reserves caTTed dtscovered‘ 'undiscovered‘ “and ‘'tight'. GFA and GFB

’represent the 'discovered' and 'undiscovered' ‘Sable Island reserves.,

‘réspectﬁveTy:"TherGNA‘.reserves “values are ERCB estimates (58);‘sinoeh
".the‘reServes have 'aTready been ‘discovered there are no oreproduction _

'oostsf_ GWA T1ft1ng costs are Qassumed to be one- th1rd the OWA tht1ng

,costss The GWB reserves values ‘are based on the GeoTog1caT SUrvey S

'average expectationt case. . The GWC reserves value is a judgmentaT

' vaTue1 it is speculative but may bev’justtfied since in the model runs

116.



 GWB’

GWC

GFA

 GFB

" Preproduct ion Lifting
Reser;/es A Costs -~ - Costs |

(TCF) O (SIMCF) (s/MCF)
59.04 0.00 0.25
118.75 - 0.25 0.40
187.50 10.90 1.00
5.00 0.75 1.25
15.00 1.05 2.00

Table 7: TABLE MCGAS: Natural Gas Reserves and Costs
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GWC reserves are“not 'prodUCéd until the final per iods ana are not
‘ exHausted.during the planning horizon. | fhé GWB and GWC costs are
consistent with a recent'Etgnomic Council‘ stﬁdy (54). The GFA and GFB
.reserves and costs are judgmental ~estimates ‘based. on thevGeological

Survey numbers and other sources.

SECTION B: DEMAND PROJECTIONS

There are thfee types of tabiles in this section:

1. TABLE DSECE: Secondary Energy-ngandl
2. TABLE PCHDE: Petrochemicals Demand:

3. TABLE GPDR(I): US Regional Demand for Canadian Gas.

In Table 8 the secondary uenérgy demands - include the~demandA1n Eastern

(EC) and Western Canada '(NC), for .gasoline "(GSL). middle distillates
~ (DTN} heavy fue! oil (HFO). asphalt j(ASP).,naturaT gas (GAS), propane
~(PRP). butane (BYT) and electricity  (ELE). - The five-letter co]umniname
represents the .Mafitimes Region: cohsumersf demand for natura1'gas.
Using the price projections shown in Section D of this chapter, the

federal InterFuel Demand Substitution Model, IFDSM, was used to generate

thg secondary demand_profj]es (64). ~The primary energy démandslin this

_table include OILEC, ETHWC and CDSWC: OILEC stands for the Eastern Cana-

“dian crude oil;demand for thé'pfoduct of the Eastern-CanadTan refineries

- which have,not:béen mode]led; The . OILEC4pr6jections are-also based on
the IFDSM run mentibnéd’ab0ve. ETHWC and CDSWC stand for the ephahe‘and

R

comprises of the product ahd the fegion. For éxamp]e. column GASMR
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Year

1985
- 1991
1997
2003
2009
2015

Year

1985

1991. -

1997
2003
2009
2015

Year

1985

1991
1997
2003
2009
2015

Year -

1985
1991

1997
2003

2009

2015

GSL
(MMB

43.
41.
40.
38
38.
39.

GAS
(BCF

 FLE
( BKH

24
29.
34
37
41.
45.

Table 8:

WC -
1Y)

16
90
63
81
57
75

WC
1Y)

WC
1Y)

02

99

.08

06
20
80

{

DTNWC
(MMB/Y)

ELEEC
- (BKH/Y)

25.27
27.63
30.21

33.04

- 36.12
'39.50

HFOWC
(MMB/Y)

OILEC
(MMB/Y)

314.50

- 314.50

314.50
314.50
328.86
359.59

ASPWC

(MMB/Y)

TABLE DSECE: Secondary Energy Demand

T CDSWC
(MMB/Y)

R
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G
condens#ﬁ: requirements for miscible flooding in Western Canada: they
g ‘ '

e ,
are included here because miscible flooding has not been explicitly

~modelled.” The ETHWC and CDSWC values are based on ERCB estimates (57).

~In Table 9 the demands for ammonia (AMM), methanol (MEO), fuel-related .

methanol (MEF), low density polyethylene (LPE), high-density polyethy-

-

lene (HPE), ethylene glycol (EGC). styrene (STY). vinyl chloride (VCM),

vinyl écetate (VAM).'pogipnopyléne (PPY). butadiene (BIE) and aromatics

-

(BTX) are projected in the five market regions (Figure 38) df‘Western

Canada (WC). Eastern Canaaa (EC). the‘ u.s. Midwest. (MW), the U.S.

Pacific Coast (PC) and the Pacific Rim countries (PR). The PC market

includes California, the Pacific Northwest and Mountain Regions: the MW
‘market includes the Central and Northeastern United States. For

- example. AMMMW represents the  chemicals-related demand ' for Canadian

ammonia in the U.S. Midwest. at the price shown 1n TABLE PCHPP. In some

cases, market data was available only for regions mdre‘aggregated that

those selected for this model. Arbitrary market splits were assumed.

As explained in Chapter 11, the aggregate Canadian demand for individuat

petrochemicals was coilated~ from vatjpus Titerature~ sourtes. No
regional demands or demand projections “Qere availab]é; The first step
was to prepare aggregate-demand projeétibns, based oniS-curye concepts.

Historical data presented in Chapter II showed whether the Canadian

demand for a ﬁéirochemica] was on the initial, Steepést or final path of

the S-curve: then the demand curve was projected into the future. Once

this was completed. based_bn historical and potential market shares. the



1985
1991
1997
2003
2009
2015

1985
1991
1997
2003
- 2009
2015

1985 -

1991

1997

2003
2009

- 2015

1985
01991
1997
2003
2009
2015

AMM
(KT

LPE
(KT

12
19.
22.

10.
11
12.
12.

EC
/Y)

MW
/1Y)

.75

00
75

AMM
(KT

LPE
(KT

12.

- 19.

22.

Table 9: TABLE

MW
/1Y)

PC
/Y)

75

00
75

PCHDE :

AMMPC
(KT/Y)

- bb

(KT

" EGC

30
41
49

60.
63

AMMPR

/Y)

PC.
(KT/Y)

.00
.10

50

.50

00

.75

MEOWC
(KT/Y)

MEO
(KT

EC
/Y)

MEOMW

(KT

1Y)
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1985
1991
1997
2003
2009

2015 .

1985
1991
1997
2003
2009
2015

1985
199]
1997
2003
2009
2015

1985
1991
1997
2003
2009

2015.

STYMW
(KT/Y) (KT/Y)

27

49

b2.

VAMWC

(KT
\

~ oy

AN RO PO

PP
(KT

.00
36.
42.
46.

00
00
00
.50
00

1Y)

.35
.80
.25
.55
.75
.90

YPC
/Y)

STYPC STYPR
(K1/Y)
»
27.00 162.00
36.00 216 .00
4?2 .00 252.00
46 .00 276.00
49 .50 297 .00
52.00 .322.00
VAMEC VAMMW
(KT/Y)Y (KT/Y)
25 .65 1.00
34.20 12.90
42.75 17.25
48 .45 19.75
52.25 21.75%
55.10 23.25
PPYPR BIEWC
(KT/Y (KT/Y)
22.50 19.00
99.00 24.00
175.50 28.00
234.00 30.50
281.70 32.50
319.50 34.00
BTXMW  BTXPC
(KT/Y) (KT/Y)
292.00 292.00
302.00 302.00
298.00 298.00
294.00 294.00
292.00 292.00
292.00 292.00
Table 9:

VCMWC
(KT7Y)

9.00
13.50
17.10
19.35%
21.30
22.65

VAMPC
(KT/Y)

VCMEC

291

(K1/Y)

.00
436.
552.
625.
588.
732.

50
90
65
70
35

VAMPR
(KT/Y)

VCMMW

(KT

Table PCHDE (Continued)

1Y)

VCMPC
(KT/Y)

5.00
10.00
13.00

VCMPR
(KT/Y)

60.00
120.00
156.00
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FIGURE 38

'M MARKETS (Western Canada Eastern Canada

U.S. Mid-West, U.S. Pacific- Coast,
Pacific Rim countries) oy

' .P PRODUCERS (Alberta, Eastern Canada) )
C- COMPETITOR (U.S. Gulf Coast) L :
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demand'was*regiOnaJized 1nto-Eastern ~and westérn Canadﬁan'demandsi ;Forﬁ

‘-examp]e the.demand’for chemical- related methano] was based on h1stor—

- )
1ca1 market shares in. Eastern and Nestern Canada, whereas the demand (or

ﬁueJ-re]ated methan01 was based' on Judgmental'(or potent1a1 ) market;t

shares, due to the lack of any hlstor1ca1 data for the ]atter

The U.S. demand for Canadian"petrOChemicals“Was‘axailabie;ﬁbot tnépstan;

ford Research"inStitute (130) and ChemsystemS"(24)'estimateshWeresat
variance with each other. Ex1st1ng demands in the U.s. and‘PaCific;rim

countries‘were projected to 1ncrease .in accordance with current percep-

t1ons about the future potentiat of the petrochemicgﬂs.'”For»example.

the export demands for tue]-re]ated methanol were expected to'grow‘

faster than.the export demands for chemica]—re]ated methanol. Thus, the
export demands represented the max1mum demands for Canad1an petrochem—

icals 1n the 1nd1v1dua1 export reg1ons ' o ? 4 i

Admittedﬁy, the regional ”demand projections for petrochemtca1s were
speculative, but they‘were based 'on“?the best available data and were

prOJected 1n a conslstent manner. A majorvdata‘deficiency identified by

. th1s analysls was a 1ack of regs innal petrochem1ca1 pr1ce/demand re]a-

tionships.

»

“Table 10 represents the demand .in a Specific‘_time period at-various

'border pr1ces for Canadlan natural gas 'in;the'seVendU.S; mar Kt regions

shown in Figure 39 - .New ‘England '(NE)" Mtd-At1antic-(MA)'.East North

Centra]v(EN), West North:_Centrat»-(WN) Mounta1n (MT) 1forn1a (CA)

and the Pacific Northwest (PN). hTh data in th1s table is based on the

124



125

Border-Pﬁ1CE'_ U.S. Deméhd fof Canadian Gés;'by Régﬁdnl(BCF/y)“
(US$/MCF).  NE.- MA EN ©  WN . M CA PN

- - = PSSO e e o D e e - ——— D e == G -——1=
300 148 525 860 600 415 813 130
400 750 325 4B - 520 359 - B85 - 112

475 70 325 600 450 350 560 100
‘500 60 - 193 415 385 257 . 435 = 83

(TABLE GPDRO3: There are similar ‘tables for GPDROI, GPDRO?Q‘GPDR04;

e "GPDROS and GPDR06) SR

Table 10: TABLE GPDR{I): U.S. Regiona) Demamd for Canadian Gas
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Figure 39. U.S. Nat'ural G'a's M'arket‘ Regio'né

PN- Pacmc North West . WN West North Central

'CA- California o - EN-East North: Central

- MT-Mountain . -~ MA-Mid Atlantic
. . : NE - New England




v(g»( ..

reflect the current perceptions'_of U,S demand for Canad1an gas. the .

'ShermanéC1arF_va]ues were rediced. For examp]e TABLE GPDR03/representsd

1982 Sherman—C1ark submission to the ,National.‘Energy:Board-(123)' to

. 127

" the demand in the'third*time period; in 'this'tableVrOW'name”t400“' nd - -

u ¥

‘BCF/ycg Therefore., th1s -table provides the price elasticity of demand -

co]umn name CA' represents the Ca1ifornian- demand for Canadlan gas at

the border prlce of US $4 OO/MCF at 585 BCF/y Nhen the border pr1ce is

1ncreased-to us $4 75/MCF 'the Ca11forn1an demand is reduced'to 560

s

| vfor>Canadtan natUra1~gas in the seven U.S. regions (5).

'transportatmon costs are»fdependent on a number of” factors'like the

SECTION C: FREIGHT AND TARIFF PROJECTIDNS

There_are twoftabies in thts:section:

1. TABLE TRANSC: Tranmsportation Costs:

2. TABLE TARIF: Import Duties. s -

In Table 11 current estlmates of the energy and petrochem1ca1 transpor-'v
tat1on costs from A]berta Eastern Canada and the U.S. Guif Coast to the

f1ve market reglons are basedu..nv pub11shed fre1ght rates S1nce the

annua] tonnage and packag1ng and because a number of petrochem1cals are

‘not currently belng transported from the 'produc1ng to the consumlng

" can bear. . ~H0wever, there is. no scientific - correlation that can be.

regions, the costs shown are representat1ve,' and‘ noththe ‘actual’

'transoortation coSts. The costs - are -usualﬂy based,on.what’the market

r:estab11shed between’ transportat1on costs andrmarket oricest Therefore;

the petrochem1ca1 transportat1on costs were..escalatedv on.the basis,of

the pr1ce escalat1ons n Tab]eVZO.
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N The petrochemica1 import duties for Cahada the Uhited'StateS”and'Japan‘

v

_arevbresentedrin Tab]e 12. They are based on the current 1mport dut1es

: ,For'examp]e.‘éonSidervrowsu MEO'. "MEF" and,column"Un1ted States

 the U;Su‘impdrt duties on chemical-related andrfue14re1ated methano]’are

.“

reépecttVe}ytIBTtand 0¢ of the Canadian'methaho1_prtce If the mode]ler’

So deSTreﬁ, the tariffs ih, fUtUrer time periods can be a?tered the

"”

reason for }rov1d1ng this capab111ty was ‘to be able to . 1nvestlgate~the

1mpact of a North American common market in petrochem1ca15 A mode1 run

1nd1cated that the maJor 1mpact wou]d' be on - the ab111ty of chemical-

related methano] to penetrate the U. S market ; h1s run was not treated

o as,an off1c1a] “scenarJOK.

')setrioN‘D PRICE PROJECTIONS

v‘jIhere are nine tabJeS‘in'thjSlsecttOnE‘

1. TABLE OIL: Conventional Crude 0il;

2. TABLE HEO: ‘Heavy 0il:

3L TABLETGAS:',Natura]‘Gas:"t S } B :‘j”;: e

4. TABLE RGPS: U.S. Regional Gas;
5 TABLE cTs: SabQBjtumtndus/Coal;
6. TABLE NGL: Nataral'Gas Liquids:
T l TABLE IFPP: Intermed1ate Fue]s
8. TABLE PCHPP Petrochemwcals.

‘ _:9,_ TABLt RFPP;.Ref)nery'Products.
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' Petrochemical

- Ad_Va]ofem Duty; (%)

Canada , ~ United States
AMM 0.0 0.0
MEO 10.0 18.0
CMERDY 10.0 0.0
f'LDPEf\‘(_, 9.5 12.5
HDPE - 9.5 125
E6C 00 "f"12.0,.*'
STY us e
vem' 9.5 1001
VAM 0.0 3.8
© PPy 9.5 o 12s
BIE | ‘o,q ' 0.0
0.0 0.0

BTX

Table 12: TABLE TARIF: Petrochemical Tariffs -

0

4

.
10.
10.

12.0°

0.
.9
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-In Table 13 column 'EXP' representsﬁthe world o011 price ahd "AWH' repre- -

-sents the Alberta well head price.' The wor 1d oil‘price'forecast calls
for a drop in real priceé until 1985,16 small increase until the end of

‘the decade and a real rise of slightly under 2% ahnual]y to the turn of

the century, with a lbhg—term‘ annual ‘increase of approximately 1.5% per
annum. The projections.are in ling with consensus foretasts. such. as-

those by 1IASA (86), but there is no assurance that the consensus is

’r1ght The Alberta well head oil’ pr1ce 15 the Toronto c1ty gate pr1ce

1ess transportat1on cost between Edmonton and Toronto Th1s s con51s--'

tent with current pr1c1ng p011C}es.

o

'Heavy o1l cost brojections‘are previded ~in Table 14. The current 1ift-

“ing costs for L]oydm1nster-typef heavy o0il are $6/barrel. Fer ‘undis-

covered’ heavy oii reserves, j‘the tota] ‘costS are .estimated %at

-$15/barrel. Based on these costs and exogeneous product1on prOJect1ons

~ for existing and 'undiscovered' reserves (58), a representative costs

_profile is generated.

Tab1e.15 ha$ four columns. Alberta border~prfce (ABP);'forohto city gate

(TCG)., the cost of ethane and NGLs on a fuel equivalent basis (PPF) and
3 _ I6Ls :

131

- the‘intra-ATberta 1ndustriai price (IPF).  PPF and IPF are. shown as

.’fractlons of the A]berta border pr1ce The Toronto city. gate pr1ce of

’ natura] gas 1s fixed at 65% of the 011 price on a. fuel equ1va1ent basis

' fA>throughout'the forecast,per1od. Th1s 1S cons1stent w1th current regula-

tions; however. regu]étions are subject to change o Therefore the

dsSumptﬁon,hég to'be'va]id'even‘in4a,deregu]atéd market. The»assumption"

R



1985
1991
1997

. 2003

2009 .

2015

Table 13: TABLE‘OIL{"Conventidnal 0il Prices

($/BBL)

AWH

34.03

3557

139.72

43.96

48.14

~

42.43

4

4].
.
. 50.
"~55.

05
35
06
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CPA
($/BBL)

1985 " 6.00
1991 6.00
1997 6.61 |
2003 | 7.49 | :
2009 9.5 )
2015 10.69

Table 14: TABLE HEO: Heavy 0i1 Costs

ABP TCG PPF IPF
. ($/MCF) ($/MCF) (Frac) (Fra;)
2.83 4.08 1.0 0.6
3.14 4.53 - 1.0 0.6
3.52 4.96 1.0 0.6
3.94 5.44 1.0 0.6
4.31 5.95 1.0 0.6
4.71 © 6.50 1.0 0.6

Table 15: TABLE GAS: Natural Gas Prices



A

135

.
Border Price, (US €¢/MCF)
NE MA EN WN MT CA PN
1985 400 400 400 400 400 400 400
1991 400 400 400 © 400 400 350 350
1997 450 450 450 450 450 450 450
2003 450 450 450 450 450 450 450
2009 500 500 500 500 500 500 500
2015 500 500 500 500 . 500 500 500

. Table 16: TABLE RGPS: Natural Gas Border Prices



the Canadian and United States governments. As 011 prices increased,
Canada pegged the gas export price to that of competing energy sources.
In 1976 the United States requested that Canada adopt a uniform border
price. This was formalized in 1980 by the so-called Duncan-lLalonde
formula, which accepted the concept of substitution value. initlally.
the U.S. pipeline companies were able to roll in the higher-priced

Canadian gas with low cost. regulated U.S. domestic supplies.

In 1978 the U.S. enacted the %aturdl gas policy act which categorized

gas into several classes and | price controls from the 'high cost’

gas. Since gas distributors ¥ 5 ipated a shortage of gas. they were
prepared to contract for new "4 “;uppligs at premium prices. producers
began to explore for and develop the 'high cost' reserves, As the 'high
cost’' gas-was brought into production, it became increasingly difficult
to roll in the Canadian gas. Canadian gas exports were reduced to the
minimum,levels‘permitted in the take;or—pay contracts. In the United
States. further decontrol of natural gas prices is scheduled in 1985.
The market mechanisms will cause the cheaper reserves to be developed
first; Canadian gas will have to compete with the new low-cost reserves.
Therefore. the one-border-price system for Canadian gas export needs
revision. TABLE RGPS may be used to study the impact of a flexible
border price. It 1s wused 1in conjunction with TABLE GPDR(I): the
modeller specifies a bordér price projection in TABLE RGPS. and the
regional demand for Canadian Qas at the exogeneously specified price 1is

presehted in TABLE GPDR{I). If it s profitable to do so, Alberta and

Sable Island producers will satisfy the demand.
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per annum, real. Because it is,“a'§éasonaT,tTansport,fuel, condensate

penaltieé..

the volatile nature of the prices this is not é

;

i

‘ A : RO L
Coal ia_used in cpa]—fjred:power plants and is the feedstock for plants

“

that7c§dyért coal to. liguid and gaseous fuels. in.Tab1e31T3fhé curréent:
price.of coal is taken as the industrial price ianlbéftéﬁ(CPA). The &
~current pri;e-ié eSCAiated at 1% per_"gnndm*‘thﬁpgghdut[the forecasti. _

period. iﬁg éxport'price_(EXP)»,isAthelAlbérta'price piué‘transportation,-'

costs to Vancouver. Theré are similar tables for:bituminéus therma
coal and metallurgical coal.” ’

~In Table 18 the ethane (ETH). ,pfopahe (PRP)_and butané (BUT,'prices are

based on current Alberta Véibé%._ ‘Tﬁéir7]ong;férm escalation is at 1.5%

‘ commands a premium over 0il -prices.  in the winter monthsland'é penolity

~during the summer months: condensate prices are assumed to be equal to .

<

_the world o1 prices specifiedpih;TABLEQOIL;

. | L 1 iy A |
In Table 19, due to its better quality, synthetic crude from oil sands

'(SYQ)-is;aséumed*to‘cbmmand a slight premium over world 0il prices;‘vThe '

pitumen-condeh;éte;eiport blend"(BDX) briceS »are'a wgighted{average of

the bitumen énd"cohdensatei prices. The’ heavy oi] condensate.e{pdkt

(HDX) and Eastern Canadian (HDA) - prices . are weightedﬁgveragés~of heavy

0il and condensate prices. . The intermediate coal 1iquids (ICL)”pﬁiges

are ‘based  on o1l pbices,, with appropriate sulphur and nffﬁogen'

. e 8

" In Table 20 the regipnéi.petrochemical prices are pfojeéfed; Because of

1960's, due to lower feedstock costs, major technology improvements and

n éasyftask. In the
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1985 ;'”‘~; CB.16
1991 7 866
1997 919
o203 976
2009 . 1036
201 00 o11.00

1985 773 9.
1991 - 8.46  10.

1997 9.26 - 11.62°
2003 10013 12,
2009 11.08 14,1

2015 12.12 -~ 15.

Table 18:  TABLE' NGL:

v 138

42.74
. 85.37

46 40.71  55.06

Na_‘truura].f Gas ‘vLiquid’s’*Pri_ce |



sye - BDX

1985 360726

1991 3770 20

1997 - 41,96 30

C2003 4630 32

2009 5 &0.60 35,

2015 . 55.31.0  39.

 Table 19: TABLE IFPP

($/8BL)  ($/BBL)

29

02

66

73

73

HOX.
($/BBL)

28.50
30009
32,47

35.27

. 38.57.

Dw

32
:)34

0.

a4

{55"'
;37 X
.08
29.
05

16

I (R

B
33
35

38

RS

42 .

30
.06 S
Q§2'_1
-

58+ -

fi;1nterm¢diate¥Fuel‘Pficés f,: "‘
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1985
1991 -

- 1997

2003
2009
2915

1985
1991
1997
2003

2009

1985
1991

1997 -
2003

12009

2015 -

© 2015

-

AMMPR

T ¥
Sy

1 950.76

1039.60
1136.74
. 1242.95
. 1359.09
71486.08

A1l values. are in $/tonne.

¥

. e

. s
) ol 9
LR X A

_ Table 20: TABLE PCHPP:

MEOGC ~ MEOPR
233.52 189.04
255.34 206.70
279.20 226.02
306.29 247.14
333.81 270.23
365.00 295.48
EGC EGCPR
(A _
~ .
717.24 633.84
83666 739.37
975.95 862.47
1138.44 1006.06 -
1327.98. 1173.56-
1549.09 . '1368.95
VAMGC VAMPR
845,12 700.56
929.57 770.56
1022.45 847.56
1124.62 ° 932.26
1236.99 1025.40
1360.49  1127.86
BTXGC BTXPR
435.90 38030
462.72 403.70
491.18 428.53
411.40 454,89
553.47 482 .88
587.52 512.58

LPEGC

- 1117.86
' 1200.47

1289.53

1386. 20
"1487.97
1598. 36"

Petrochémical_Pricés '

LPEPR

 928.52

997 .41

1071.40 .
- 1150.89

11236.28

1327.99

1317.71

141547

989 .68 -
1063.100 -
°1141.98
1226.70°
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wor 1d .petrochemical ° produttion' overQQapacity.‘ the nominal prices of

petrochemicals decljned.__ In. the -early 1970's the prices recovered.

Sjnce‘1973'the'petrochemical’-prices *haVe ‘become‘Vo1atile, changjng'as

" much as'50% in a single yéar.. There are two reasons for this:

' :1.'LAs shown in‘Chaptef‘I' feedstock pr1ces have become a dom1nant pr1ce

t"component of petrochemwcals, as' feedstock pr1ces fluctuate so w111_..7'

N2

”v,the petrochem1ca1 prlce,gand Vjce,,versac' For examp]e, at the U.S.

Gulf Coast ‘in '1982-83, - the 'NGL’.prjces,.dropped~‘1n -unison w1fh'

‘ethylene prices.

Ty R . ) B 2

2. In the 1960”5 .p]antsvbaSed/on--Crude oi) feedstock began to compete"

:  w1th the NGL based petrochemtca] tnduStry‘ at thevU Sv'Gulf Coast ,

Q

“In the 1970 s as. o 1 pr1ces esca]ated whereas the gas 1ndustry,b

w1th regu]ated prices amd long term contracts was s lower to respond‘id

..gn

_;the 011 based p]ants became the .sw1ng supp11ers and set the peéro—ib

chem1ca1 prlces K Dur1ng per1ods of surplus capactty. as,prjces"

- dropped oll-based-plants were 'forced to ,operate.at cash costs;'as
prlces dropped even ]ower -and‘~reached'fthe cashecosts»of‘Nthbased
o plants, the oil- _based p]ants had to be _shuthdoWn.::Froducers have

. tfted to:mintmtze, the rmpact_-of :feedstock-'price fluctuations by

retrofitting for feedstock flexibility. Howeyer;_retrofitting-is :

‘expensive and is not a universal solution.
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Because'tt 1s”the largést productlon centre in: North Amer1ca petrochem—»
1ca1 pr1ces are general]y set at .the u. S Gu]f Coast Publ1cly ava117_
able cap1ta] cost data usua]]y refers to th1s ]ocatlon For thejcurrentl 1
ana]ys1s the U. S 'Gulf Coaet prices. were est1mated hy,complettng—ab
. d1scounted cash f]ow analys1s of . petrochem1ca1 p]ants : Th1s y1e1ded theo
‘pr1ces shown .in Table 20 ' w1th co]umn names end1ng w1th "6C F ri‘
"‘eiample vVCMGC 1s.the v1ny1 chlor1de monomer. price-‘at‘the U'S ‘Gu]f
Coast. Market pruces in the reg1ona1 u.s. and Canad1an markets were the
H-U.S. Gu]f Coast pr1ces p]us appropr1ate transportat1on and tar1ffs from"
hj;TABLE TRANSC and TABLE TARIF : In the compet1t1ve Pac1f1c r1m market asf
.'.:per thevChem Systems methodo]ogy (24) th prlces' are based on cash‘-':

ﬁ'costs-p]us, transportatlon -costs from Houston -'-.I TABLE PCHPP the'

ﬂPac1f1c rim prwces have cotumn names end1ng 1n"PR" _

In Tab1e 21, the ref1nery .product orﬁces are;based'onathe;¢onventjonatv
n‘oi] pr1ces,,the products are “gaso1tne (GSLichrefrnery—grade:bropylene'
i(PLI),.heauyier1‘011 (HFD). asohatt‘(Aéﬁ),and middlefdisti1iates (DTN) ...
Prices are deve]oped for Western- (W). andr;Eastern.vCanadai-(E).{bfhe -
dd1fference in. the two reg1ona1 pr1ces ts ;in thetheavy,fuel'otTﬁprices, .
' S]nce-the market for’ this -product in:‘weStern Canada is l1m1ted 1££’d
price is assumed to be $5/barre1 1ower than 1n Eastern Canada In th1si"
dtable, a prem1um s 1mposed on: 1mported ref1ned 011 products in order to'a

d1sCourage such 1mports _ A]so, a pena]ty is 1mposed on: surp]us ref1ned

T

'products, in order to m1n1m1ze the surp]us
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o 1985,,-
1991
1997

2003

2009

2015

G

6.
  48.
. .54.
5o,
f’eé

71

180

600
1éof];z
750
.333

437

 &PLIw?
O ($/BBL)  (E6S/KT)

0.531

0.618

':'0;582

0.745 "

0.555

0815 -

CHFOW

($/BBL)

_—l e e -

. 49.032

 ASPW
: (s/BBL),

38,150

. 39.880

44.410

, 753;6131

58.622

K§)

CDTNW.

"($/BBL)5. a

N

44.030
f 45;o4d |
52270

f356.6Q2' 

e1gen

67.674

* Simi]éb}Va]ues;for.EaStern Canada. exports and imports.

- fﬁb]e Zifﬁ TABLE RFPP: Refinery Prbduét~Pricés-
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" SECTION E: ENERGY AND PETROCHEMICAL TECH-ECON DATA 4

_.._..___._..._.-..__.__._....,_._...._._..__.__....._._ﬁ__._.___._......__._._-_..._._

: vThere,ére‘fOuf tabTes inithis sectién:

:1} TQBLE'ENfES vTechnolog1cal Input Output Matr1x.u “‘
g 2q~ TAB;E WNEX:  Existing Alberta Plants; - ///1

,3”; TABEEVENEX: LExmst1ng Eastern»PJantg;v o

'4.jﬁTABLE'TFCfv,~Techno1qgfcai}Prodréssturve;

In Table 22, the following enérgyvahd\peprochemicé1 plants are modelled:

1. Five refineries: hﬁghbgésolihe (RHM). medlum gasol1ne (RMM), heavy

oilb(RHE);nsynthetic~oj1 (RSN) and chem1ca1 type (RNA)

2. . Four bbwer pTanté":coalzfirgq (Pwt). gas-fired (PWG), hydroélectric'

(HYD) and nuclear bwUC)Qi.

f3; Five oil sands plants: v5urface—m1ned (OSM} #1 “in‘situ bitumen

(0S1), #2 in sﬁtu bitumen (052), #1 in situ 1ntegrated gas- only .

- (IGI), and #1 1n s1tu 1ntegrated w1th coal (ICl)

4. Two upgraders: for heavy 0il (HOU)lgnd for bithmeh (RUB):

x,5.~'4Four coal convers1on p]ants coal 11quefactidn gﬂgl),Slagged Lurgi‘-.,
- . : . ) " . . . ) .
(Co '

gas1f1er (SLU). HyGas - ( /}“E) ahd\CO2—Acéeptor‘ )i

'éﬂ  Two éhmonia piants: gas.feedstock\(AMG)_and coa) feedstdék‘(AMC){
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1. Refineries

UNITS  RWM. RWM RHEL RNAL RSN
.SIZE  MBD . - 100.0 100.0 - 100.0 - 100.0 ©100.0
CAPI . MM§ 900.0 660.0 . 556.0 - . 720.0 1912.0
OPER ~ MM$/Y . 92.0 92.0 - 60.0- 0950 - 93.0
DISF  %/Yy Mot 200 '10" ‘100 10t
LIFE ¥ © 25 25 250 28 o
PROG .- oo 00t 00" ‘05 -'05 - 06"
OIL MMB/Y - -36.5 -36.5 0.0 . -36.5 0.0
. HEO MMB /Y 0.0 - 0.0 -36.5 0.0 0.0
SYC . MMB/Y . . - 0.0 9.0 © 0.0 --0.0 -36.5
- GAS  BCF/Y - -5.9 -5.9 -11.1 . -5.9 -21.4
ELE . BWH/Y -2.0 - -2.0 -2.0 -2.0 - -2.0
GSL  MMB/Y. 18.3 - 12.7 0.0 ~ 2.3 15.0
DTN MMB /Y -12.5 17.9 8.6 7.1 25.6
HFO  MMB/Y 1.4 1.6 3.6 16.7 ~ 0.0
ASP MMB/Y 1.0 1.0 23.0. 0.0 0.0
CPLI O KT/Y 45.4 454 45.4 0.0 45 .4
BTN KT/Y 0.0 - 0.0 0.0 2668 0.0
CPLE. KT/Y 0.0 0.0 0.0 200.1 0.0
PRP B#/Y = 0.2 0.2 0.0 0.0 0.1
BTL - MMB/Y 0.0 - 0.0 - 0.0 1.2 .- 2.8
BTX  KT/Y- 0.0 0.0 0.0 186.7 - 473.7
2. Power Plants |
UNITS PWC. o PWG: HMYD_ e
CSIZE - MW . 750.0 750.0- © | 1000.0 . 1200.0
- CAPI MM$ © - 683.0 - 512.0 1770.0 1914.0
OPER - .~ MM$/Y 1 16.0 - 12.6 '10.0 - 106.0
CODISF - /Y 07 tp7r . Q7 07"
LIFE Y vpst st 2kt ippr
PROG . BN ‘00! ‘00" 00" ‘05
CTS. . oMMT/Y - -2.3 0.0 0.0 0.0
CGAS T BCF/Y 0.0 -39.4 0.0 0.0
CURNS T T/Y - 0.0 . 0.0 0.0 -30.0
ELE .~ BKH/Y 3.6 3.6 4.7 5.7

TABLE 22: - TABLE ENTC:‘Enererand~Petrochemica1 Techno1ogiesf |
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‘3. 0i1 Sands Plants

UNITS _OSM_ _0SI, 052 161, 162,

SIZE  MBD -~ . - 100.0 100.0 100.0 100.0 100.0

 CAPI  MM$ " 5718.0 1749.0 2186.0 4137.0 4334.0

OPER ~ MM$/Y- - 368.0 - 237.0 296.0° . 464.0 . 440.0
DISF - ¢/y ' ‘100 10 '10" - 10 '10"
LIFE Y i 125" 125 t25 . t2b!
PROG - .44 44 ‘44" 44 . 44

" GAS  BCF/Y “17.4 -66.8 -83.5 -21.4 -15.5

VELE . BKH/Y « - 0.2 -0.9 -0.9 -0.9 -0.9

CTS  MMT/Y 0.0 0.0 0.0 0.0 -0.3

ORM~ ' MMB/Y = . -36.5 0.0 0.0 0.0 0.0

ORl . MMB/Y = 0.0 -36.5 0.0 -36.5 -365

- OR2 . MMB/Y 0.0 © 0.0 -36.5 0.0 0.0

'RSR -~ MMB '910.0 910.0 910.0 910.0 910.0

BIT = MMB/Y. 0.0 36.5 36.5. 0.0 0.0

5 0.0 0.0 5 36.5

SYC . MMB/Y 36.

| 4. Upgradefs

WITS R HoU

SIZE . MBD . 100.0 100.0 i\
CCAPT . MMS . 2167.0 0 . 2136.0
COPER - MM$/Y - 142.0 91.0

DISF iy 100 S0

LIFE v 25 125"

PROG . LYY LR VS

HEO - MMB/Y 0.0 -36.5

BIT - MMB/Y ~48.6 0.0

5 33.8

SYC o MMB/Y:'\ 36.

5.’vCoa1deﬁversion Plants

UNITS CLI _StU _HYG_ C0A

SIZE . BCF/Y R 91.3 1 91.3 91.3

CAPT = MM 6840.0  2590.0 - “2158.0 2310.0

OPER  MM$/Y = 250.0.  233.0 - 194.0 208.0
CDISF. /Y ‘10" Y100 10 '10"
LIFE © ¥ '25' 25" 25! +25"
PROG - T gy 05" 05" ‘05"

CTS ~  MMT/Y -30.0 ° 7.9 216 7.2

1cL MMB/ Y 36.5 0.0 0.0 0.0

3 9.3

GAS . BCF/Y ~  -122.3 . 91.3 91.

TABLE ENTC: (Cont inued)



. 0IL

6.

SIZE

- CAPI
OPER
DISF
LIFE

PROG

TS

GAS
ELE
AMM
MEO

TA.

SIZE

- CAPI

OPER
DISF
LIFE
_PROG
ETH
PRP
DTN
GAS
ELE

ETN

PLE
BTL

7B.

SIZE
CAPI
OPER

DISF -

LIFE
PROG
- CDS

HEQ

BIT
- ELE
ETN
PLE

- BTL

0IL

GAS .

Methane-Based Plants

OO o

UNITS —__AMC
KT/Y 500.0
MM$ 720.0
MMS$ /Y 63.0
71y "10°
Y ‘25"
- ‘05
MMT/Y -1.4
BCF/Y 0.0
BWH/Y -22.0
KT/Y 500.0
KT/Y 0.0
Ethylene Plants
S uNIs o ETE
KT/Y 680.0
MM$ 578.0
MM$ /Y 35.2
Yy 07
Y ‘25"
- ‘00"
B#/Y. -1.9
’ B#/Y - -0.0
MMB/Y 0.0
BCF/Y -17.5
- BWH/Y -97.0
KT/Y 680.0
KT/Y -15.3
: MMB/Y 0.3
- MMB/Y 0.2
Ethylene Plants (Continued)
~UNITS ETC.
KT/Y 680
MM$ 1281.
MM$/Y 76.
1Y 07"
Y 25!
- ‘05"
MMB/Y -18.
MMB/Y 0.
MMB /Y 0.
- BWH/Y -97
KT/Y 680.
KT/Y 390.
MMB/Y 2
MMB/Y 2
BCF/Y 0

w oo

QOO O wo

OO NOONO —D

- 28.

-97.
680.
226.

1.

5.

— 00 h~JOOOMNO

" TABLE ENTC: - (Continued)
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680.
226.

16.

386.

680.
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8.

STZE
CAPI
OPER
DISF
LIFE

PROG

-ETN

ELE

GAS
EGC
HDPE
LDPE
VCM

9A.

SI1ZE
CAP]
OPER
DISF
LIFE
PROG

ETN

MEO
BTX
PLI
PLE
GAS
ELE
STY
VAM
PPY

Ethylene Derivatives

HPE _ _LPE_
100.0 200,
128.0 234,
19.9 17.
‘10" '10"
125! ' 25
00" 00"
-102.0 -206
-75.0 57
0.3 -0
. 0.0 0
100.0 0.
0.0 100
0.0 0.

SEB_WME
300.0 400.
255.0 525.

17.3 - 53,

‘10" “10°
‘25! '25!
00" ‘00
-86.1 ~-156

0.0 -162.

-234.9 0.

0.0 0
0.0 0
-4.5 -10.
-53.0 .-97.
300.0 0.
0.0. 400.
0.0 0
TABLE ENTC:

C OO OO
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[en]
[an]
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(Cont inued)
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98B. Other Petrochemicals

CDS ‘MMB/Y

o R - %

SIZE  KI/Y 100.0 400.0 400.0
CAPI = MM$ 175.0 355.0 348.0
OPER ~ MM$/Y 35.0 65.0 57.0
DISF /Y 12 1 12"
LIFE Y 25" ' 25" 25!
PROG - .'00° ‘00" 500"
BTL MMB/ Y - =221 'y 0.0 - 0.3
HEO  MMB/Y 0.0 -8.7 0.0
CDS  MMB/Y 0.0 0.0 -13.8
ELE BWHY Y 0.0 -200.0 -283.0
BTX  KT/Y 0.0 400.0 400.0
DIN  MMB/Y 0.0 0.0 8.4
HFO  MMB/Y 0.0 0.0 0.3
GAS  BCF/Y 0.0 0.0 2.8 ,
BIE KT/Y 100.0 0.0 0.0
10. Gas Processing

UNITS _GPS_ _GPF_ _GP3_ _GEF
SIZE  BCF/Y 341.0 3000.0  2400.0 375.0
CAPI  MM$ 1470 0.0 112.0 105.0
OPER  MM$/Y = 6.5 900.0 9.6 9.5 .
DISF /Y 07" 07" - 07" 070
LIFE Y ‘25" '25" ‘25 28 LT
PROG - '00" 00" 00" ‘g0
RGA ~ BCF/Y . 0.0 ~3775.0 0.0 0.0
GSH . BLCF/Y 24 .8 775.0 22.0 0,0 b
GS1 BCF/Y — -386.0 3000.0 0.0 48.0% 4,
GS2  BCF/Y . 341.0 -2422.0 -423.0 . E
GS3 BCF/Y 0.0 0.0 ' 2400.0 ©375.0 - .
ETH  B#/Y 1.0 0.39 0.91 £ L B
PRP  B#/Y 0.51 6.24 0.0 N S R
BUT  MMB/Y 1.15 25.2 . 0.0 1R

0.51 55.7 0.0 0.¢
g.: :

TABLE ENTC: (Continued)




10.

11.

Two methanol plants: gas feedstock (MEG) and coal feedstocks (MEC):

Seven ethylene plants: ethane (ETE), propane (ETP), ethane/propane
(EPE). naphtha (ETF). condensate (ETC). heavy oil (ETO) and bitumen

(ETB) feedstocks.

Seven ethylene-derivative plants: high density polyethylene (HPE).
low density polyethylene (LPE). low-to-high density polyethylene
(LHP). ethylene glycol {EGE), wvinyl chloride (VCE). styrene (SEB)

and vinyl acetate (VME):

*

Five other petrochemical plants: benzene-from-condensate (BZC).
benzene-from-naphtha (BZN). refinery-grade to chemical-grade

propylene (PLP). butylenes-to-butadiene (BTB) and propylene-to-

polypropylene (PPP): . Ly
. ’f o

2
e A

Four gas re-processing plants: field plant (GPF). straddle plant-

ethane (GPS). straddle plant-deep cut ethane (GP3) and Eastern

Canadian straddle plant (GPE).

Therefore, forty-seven technologies have been modelled. The capital and

operating data was obtained from chemical and petroleum engineering

Titerature. A median plant size was selected and the costs were

adjusted for an Alberta location as follows:

J



LY

1 preference was. g,ven to Alberta siudigs (e.g. submissions made to.

vthe ERCB) 1 wh1ch case the cap1ta1 and. operat1”9 COStS were

updated by 7us1ng the chem1ca] Eng1neer1ng and Consumer Pr1ce

L ;'

1nd1¢§s respect1ve]y

.'_‘2.f. If no Canad1an study waS avallab]e,‘ the costs of au. 5 G”]? C065t 

~'p1ant were updated by uswng the appropr1ate' 1nd1095 ~ Then an

', exchange factor of 1 235 and a 1ocat1on factor of 1.3 were applied.

BIf there were np CanadTan or U.S;_ :‘.Stdd'i'es avai]ab].e, thé COSt"‘

:est1mates were based ‘on est1mates for similar- plants. . This was

. 1done_on1y for the PLP a”d<LHP'teCh”°]°9195'

4. Plant life was assumed to be 25 years. Discount factors of 7%, 10

" and 12% were ysed, as'explained later on.

5. If a feedstock or product Stream “was not explicitly m°de"ed its

annual COSf/revenue was. deducted from or added tO the operat1ng

costs.

6. TeChno1991§a1,Progfess:coefficiehts were assumed and the.éapita]

costs of newer technologies were adjusted as explained in TABLE

PC.

“The technical coefficients Were extracted from Canadian and U.S.

" studies. A maJOFv.daté-vsdurce was 'R“ddi(1214127{128);/ The feedstﬁcka

151



‘»In‘Table,Zé the row fnames ”1nc1ude p]ant size (SIZE). cap1tal ccsts

"Iéz,'

<

(CAPI)‘,operating costs (QPER) d1scount r "7, p1ant 11fe (LIFE)

techno1ogica1vpfogressbboéffjctenti pRQGQ .ted reserves (RSR)

v

the names of the feedstock and broduEt{stfﬁémgﬂprOV‘ded-‘D‘Appendix;'Bf.l5'

FEUEE

There are f1ve refInery types RHM produces 50k 9350]1ne:(GSL)°andijg% ; ."""

| mwddle d1st11]ates DTN) RMM produces 35 GSL and 49% DTN RHE‘uAésd"""

heavy 011 (HEO) and produces ja predomlnantly aSPha]t s]ate - 63¢% ASP L

'¢JRSN uses synthet1c crude from 011_ sands (SYC) and produces 41%~GSL 437
HDTN and s1gn1f1cant volumes of aFOmat1cs BTX) and bufylenes (BTL) :
,1s the or1g1na1 Petrosar type chem1ca1 ref1nery wh1ch produces s1gn)f1;dﬂ-d

fcant vo1umes qfv ethy1ene,; chem1ca] grade propylene aromat1cs and.,fs,

butylenes.

[ AT
,/‘ -
,f’ SRR

In accordance with median -siZes. plant sizes of coal- and gaS—firedL‘“'

,pdwer pTants arefi750A MY, "fdff hydrdeléctrif“pTéhfS 1000 Mw and for :

4.

nuclear reactors 1200 MW . | The1r cap1ta] and operat]ng costs have been-

hpdated from Nat1ona1 Energy Board DUb]WCatTODS' (103)7';The techn1ca1 g

‘coeff1cvents are based on 5to1ch1ometrWC' driacfbles:"Since»Cdal;;‘gas?l;—'
~;'flred and hydroeleCtrlc teChNO1og1es are well establ1shed the1r techno—w

:7091531 prégress factor is zero: ffodw nuc]ear‘POW9r~Plants a technolog— .
| vical PFOQress factor of f“05{v‘1mp]1e5 that technolog1ca1 progress w111~“>

direduce the cap1ta1 costs at 0 5/ per annum.

0’"

“There are'five fypesfofl g%nds. p1ants : OSM is mode]led after the.

.{anorted Alsands progect whwch was to haVe ﬂroduced 140 0@0 barrels/day



1. .ngh gasoijne,‘heavy‘oil and synthetic‘oiJurefineries;

X . . ',‘4
qx ‘ o 'a - : :

183,

from the Alsands submrsswn to the ERC!?’ has, t!een updated (-3,). 05'1 1's'aﬂ'n»" ‘

1n s1tu b1tumen process wh1ch Vis model]ed after the exper1menta] Co]d

t Lake proJect 052 ls anothera'inf‘51tu b1tumen process w1th 257 h1gher g
‘ cap1ta1 and operatwng costs .nd- 254 more. natural gas usage than OSl.
IGl is an 1ntegrated 1n 's1tu process whlch produces synthetlc 01] it :

' uses natura1 gas as a hydrqgen and fuel source., ICl is s1m11ar to IGl

<,

except that coal supp11es a fract1on of ‘the fue1 requ1rements Data fOr

ICl and IGl s based on the or1g1na1 Esso proposa] to produce synthet1c:

Q‘ 011 at CO]d Lake

"'Thenefare‘upgraders for heavy oi] ﬁand.bftumen’;whose product is synthe—
'ftrc oiT'(SYC) : 'The' coal 'Tiquefaction process CLI, is based on’ theh

German Saarbarwarke process (2): f' For"coa1 ga51f1cat1on the data forr

“the three processes SLU HYG and COA are based on llterature sources

| .
g

Ammonda'and‘methanoi‘can bé prOduced; from e1ther natura] gas or coa] R

The data for such p]ants UWereb taken from ERCB subm1ss1ons Data for

)

_ & » . 1
' éthy]ene ethy]ene der1vat1ves and other petrochemwcal p]ants were taken _

from ERCB subm1ss1ons and Rudd (121)

.

- .ln-Tab1e-23 existingICapacjtjes of the foTﬁowtng'energy andipetrOChem-:

' _1ca3;p]antsbin:Albentahare mode1led:

|-

A

|

IR

A



" ELE " BWH/Y . 6.

- OPER © MM$/Y " 0.0 0.
CHEO . MMB/Y  -1000.0. . 0

©UHDX - MMB/Y!  1300.0 .0

o154

: ‘i."Refinerjes'

CAPA "~ 'MBD - . 323.2
. OPER . "MM$/Y . 297.
JOIL  -° MMB/Y . -118.

HEO . MMB/Y - 0.
SYC . MMB/Y  ©  00.

2
2
0
0
0
g . B 0
CGAS. . BCF/Y.  =19.1
GSL- - MMB/Y  59.2
DTN~ MMB/Y  42.1
HFO " MMB/Y. - 4.4
ASP  MMB/Y - 3.1
PLI . KT/Y 146.9
PRP ~ B#/Y- . 0.5
BTL-  MMB/Y. . 0.0
BTX - KT/Y- 0.0

CoowubwV—OOODOOOOG 1

"' 2. Bitumen and Heavy 0i1 Blends ”

CUNITS o HEX . BEX . . HEA  ©  BEA

———— e - - ——— e e

L CAPAC MMB/Y  1000.0 . -1000.

0 0
0 0
BIT.  MMB/Y ~ 0.0 -1000.0 - 0.
CDS - ' MMB/Y -300.0  -500.0 -~ -300.
o 0
0 0
0 0
0 0

© BDX - MMB/Y. . 0.0 . 1500.
DA . MMB/Y. 0.0 . 0.0
BDA C MMB/Y. 0.0 - 0.C

3.]'P6wer.P1aﬁts and 031 Sands Plants

CONITS  PWC o PWG  BYD - osM 7

~ CAPA . MW - -4443.0
" OPER  MM$/Y . . 83.5
ORM - MMB/Y' 0.0 -
CTS = MMT/Y ~ -13.2
GAS  BCF/Y - 0.0
ELE- - BKH/Y .. 21.0°
SYC' - MMB/Y 0.0’

CWOOOOO
) o
0 wWwoO O wolo

O WO OO I

. 1 : ! v R
3 . . L
P L. . .
,'ff?b"" ‘- ) aans -
pra
Rk : e

S
" Table 23: TABLE WNEX: Existing Alberta Plants . DRSS



.11 o1l

£ -

CUNITS | AMG

KT/Y - 2650.
MMS/Y 77

. BWH/Y
LKT/Y

KT/Y -
KT/

| MMB/Y

BH/Y < 0.
BCF/Y - -88.
- -143.
2650
BH/Y D
KT/Y .70,

0

0

MMB/Y .

D

 _s8.
-105.

1500.

CMEG . .

1500.0
48,
0.

0.

oo ooo

Ly R

- EGC.

T GAS
CETH

L UNTTS LPE

CAPA

 OPER

ETN
MEOQ
BIX
GAS |
ELE
LDPE &
VEM
S VAM
LSTy T

6. éés

CUNITS . GPX

CAPA™
MM$/Y
BCF/Y ' 0«
BCF/Y: 0
- BCF/Y

- OPER%
R,,GA : -
RGB""
GSH

~ 6S1 -
- GS2

Ly

KT/Y . 0.

BCF/Y

B#Y T,

KT/Y-  -348.
L0

BCF/Y - . -0.
-100-

————

BCF/Y-
BCF/Y

KT/Y - 338.0¢
MMS/Y 28

VI OO OO0 O

Process.ing P]ahts;t‘

EGE

o

OO0 O0OOONO A

" 4. Ammonia, Methanol and Ethylene Plants
e

-

.
318,

w
[
o
')
WD OoOOoOOoOOO O

> O

 _1000.

oo o,

bl = N e e N e We Ne i I o BN

1000.

'o‘ooooomm_oowo '

PR e N N e e I e W e W W o)

s oY% :
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.Chapter II

K7
®

2. .Dummy p]ants wh1ch blend heavy 011 and b1tumen w1th condensates to

o permlt the p1pe11n1ng of ~the former to Eastern Canada and the'

"Qnitedvstates;

3. Cbat—fired,’gaSLfiredtand hydroeTectfiethWer p]ants;‘

4;‘ Suffacetmtned‘oi]nsandslpﬂantsf

.'_‘5:f Ammonf -and methano plants with natural gasefeedsto;kS;

‘6."‘Ethane—based‘ethylé”é-Pjantsife '

7.‘;7Ethy]ene—derivatives 1nc1uding Tow dens1ty po]yethy]ene .ethyiene:

g]ycdl styrene. v1ny] chlor1de and v1ny1 acetate

N

iy

8. Gas{brdceséing?Stnaddle b]antsg

fIn’thjs table,dthe;operating 'Costsband:technieal‘tdeffictents are,based
'on?TABlE ENTC’values - Energy 'capac1ties"are from various public esti-

tmates petrochemwca] capacjtiesjvare'»based on the “data presented in

¥

In Table 24, exdsting tapatities of the fo110w1ng energy and petroeaiﬁ}

' 1ca1 plants in Eastern Canada are mode]led

1. The original Petrosar refinerygd

! )



©BTL . MMB/Y -

. OPER" j‘MM$/§?"‘:-32

157

1. Petrosar, Ammonia,sEihylene'- - ; |

UNITS - RNA ° AMG  ETF

CAPA . KT/Y — 170. 709.
OPER  -MM$/Y - 16l.
OIL = MMB/Y. . -62.1
GAS ~ BCF/Y 0.
Eif BWH/Y . 3.
GSL MMB/Y - 3,
DTN~ MMB/Y 12
HFO MMB/Y  28.
ETN - KT/Y - 453,
PLE = KT/Y . 340.
O BTL - MMB/Y . 2.
BTX ~~ KT/Y . 317.5-
CAMM O KT/Y T 709,

=23.

i

~J

[a%]
OCoONODOoOD OO~

501.
284

O ORI, OOOROO I

N
cooiwww;m

| 2A. Other Petrgchemicals.

UNITS - BEC PEC . "seB . PPP - ‘BTB.

————— L e e e

CAPA. ~ KT/Y.. ® 397.5  B8.
OPER ~ MMS/Y ~  63.6
CETN KIS 0.
CBTX KT/Y.. 397,
PLE - KT/Y. .o

(S

COODOCOO OO T ®®

" GAS  BCF/Y -
CELE L UBWH/Y -0.
PRP . B#/Y
CSTY - KT/Y
PPY © KT/Y
BIE  KT/Y

o
So oo OoOPOWO:
o
00O NONOTOO
1

coocooOrMOOO D

oo oCcocoooO
OO0 00O O TO
I

2B. Other Petrochemicals:

o
o
N
o
0

. CAPA 1'KT/Y,’3>'1163; ‘

CETNS . KT/Y - ¥-166.
GAS BCF/Y:.: -0,
CELE - BWH/Y - -122:
" HDPE .- KT/Y . 163.
LDPE. .~ KT/Y. ... 0.
EGC - KT/Y . -, 0.
CVCM- . KTAY w0,

|
A
e -]
S et
#,
w
1
o

D000 O MWRO .
~J
o
. ’ .

. ~ ¢ 0
TONOONOOWYRN
o"oooczc'nmwo'

, ] ol > .
VOO OO L0




>

2. Ammonia from natura]fgasyqnd ethyiéhe from’ naphtha: ‘:
‘3. ‘Aromatics and propy]éne from ref‘”eriés’(BEC ahd'EEC);“

4, Stynene polypropylene,..butadiene,, high "denSity’polyethylehe,-wa L
. r\v , . . - . . “

--dens1ty po1yethy]ene eﬁhy]ene»g]ytol.and‘V1hylkch]oride‘blantst

o
.

In fhisktablellfhe operdting CoSts:and'technjca]'coéffitients'are’based
on TABLE ENTﬁvva1ues;' Petfdchemjca] .capacitiesblgre‘based bn fhefdafa‘

presented in Chapter IT. .

Based on technolog1ca1 progress the"objective of Tab]é'ZS_fsftb reduce =
the cap1ta1 costs of deve]op1ng technolog1es ‘the modellér éan'seiéctj_'

from the- fo]]owxng opt1ons

. "OD;vno cost reduct1on attr1butab1e to techn1cal progress,f
o5 o 5/ annua] 1mpruvement;' |
- '10' 1.0¢ annual improvement.; -
- "33 1 0/ annua] 1mprovement t111 2006 0 5/ annua] 1mprovement t1]1

2015 and no 1mprovement thereafter

o j44' 0.57 annua] improvement to 2006 and no:imprermént theréafter.'

~ The' mode} spec1f1es the techno]og1ca1 progress curves: for variou$~téch-

'nolog1es in TABLE ENTC, row. PROG';f
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Type of TechnoTogical‘Progress1Curve

Year | :;;--*\\ 0% 10 . 33 a“

Rt -’f;obo 1.000 1,00Q” “ 1.000 1.000
1991 1000 - 0.971  0.942 0.9z 0.971
1997 1.000  0.942 0.887 . 0.887 0.942
2003 "1.000  0.914 0.836 - 0.857 | 6,914
2008 1.000 0887 0.788 . 0.849 0901

2015 . .1.000  0.861 0.742  0.840  0.901

&,

" Table 25: TAB[E TPC: Techhoiogica1‘ProgresslcurVg

x}f&%’“ - 3



There is just one table in this section“Table 26 wherein production and.
h'deliverability bounds' are Spec1f1ed Production from A]berta con;"

vent1ona] oil categorles OWA, OWB - and OWC are exogeneously spec1f1ed n,

co]umns OILOWA OILOWB OILOWC respect1ve1y ONA production -is declining

whereas 0wWB and OWC production 1ncreasesi«unt11 the turn of the century ,
and then declines. The sum of OWA. OWB and OWC brqductjon.is-the ERCB
‘convehtiéna1:oi1 production’profiTe; Heavy oil is divided into-existing
 productioh (HEOW) ana' new 'productioa (HEON); HEOW declines. HEON
1ncrea$ee.  fhg sum of HEON “and HEOW 1s the ERCB‘heavy}oil profile.
;Column 'OILHL imposes '1imit§;~on» Hibernia 011.prodUCtjoﬁ frpm 100.00b'
,barreis/day in the4 fifst"time period to arbend 400,000 barrels/day

during and after the third time period. This pROfiWe 18 based on

current” perceptions about ‘the Hibernia .oil potediﬁa]. Co]pmnffRGAF'

‘places limits on -hatqra1‘,gas production from Sable‘Island, based on
cufrent‘perceptionsl‘about .its _ production potentia]( ‘Column 'LOSW' -
- imposes limits on‘surfaee mined .0il sands product1on. 1f theSe limits

”ewere nof 1mposed,vdue-to the nature of llnear programm1ng th]S tech-

no]ogy would push out all other: compet1ng technolog1es Co]umns "BDXW'

, 'HDXN' and "HDAW' 1mpose limits on b1tumen5blend exports)and‘on heavy

011-b1ends exports and ’eX—Alberta supplies., “respectively; they are'

essentially market-imposed conétraints based on currént;pereeptions.of
the U.S. and ex-Alberta,demands for these energy forms (45).: Imported

crude oil "I0IL' has beeh «]1mited, as a matter of po11cy to approxw—

‘4mate1y 400, 000 barre]é/day/. Exports of synthet1c crude from 011 sands-

'ESYC! have been 11m1ted to approx1mate1y 270 000 barrels/day. this is a-

- 160



1985

1991

1997

2003

2009

2015.

1985

1991
1997

2003
© 2009
- 2015

1985
1991 -

1997

2003
2009

2015

1985
1991

1997

2003
2009
2015

. Table 26: TABLE ULLT: Production and

~ OILOWA

MMB/Y

286.2
136.2

- 73.5
- 44.4
- 26.5

12.0 -

OILH

MMB/Y

36.5
75.0
150.0
150.0

150.0

150.0

HDXW
MMB/Y-

OILOWB

MMB/Y

18.4
38.2
45.9
44 .4
37.2
1260
'RGAF

BCF /Y

130
350.

. 1500.C

- 1500.

0
0
0
1500.0
0
0

1500.

' HDAW
© MMB/Y

OILOWC

MMT/Y

[

- 31.86

2827
25.00
2215

. 19.62
17.38

HEON

MMB/Y

_____

Deliverability Bounds

© 16l



¢

- limited to 4.21 BKWH/year. Natural gas production in British Columbia

'GASBC', conventional oil production in Saskatchewan *QLSK' and heavy

01l production in qukatchewan '"HEQSK' are based o6n current production

projected 5nto‘the future; the GASBC, 0ILSK and HEQSK productions are

added to Alberta gas and oil production. so that“the mode! includes the

total Western Canadian energy production.

FIXED PARAMETER TABLES

SECTION @

There are eight tables in this section:

:1- TABLE ALPC: Miscellaneous Constants:

2. TABLE APRT: Time-Dependent Constants:

3. TABLE DISF: Discount Factors: |

4. TABLE ACC:‘ Annualized Capsta1~Cost Féctofs;\
5. TABLE CAC: Capital Cost Factorss
v‘6. ‘TABLE CAQ: Téta] CapitavaVadlable:

7-' TABLE PPP; Plantrbfoduction profile;

8. TABLE CCF:  Capital Charge Factor.

In Table 27 the constants ‘are  the ‘di5countbrate 'DISF', sogietal dis-
‘Couht rate 'SDSF', the fract{on of economic bre”t,that accrues to the

government from oil 'FERO' and gas 'FERG', and the cost of converting

- Eastern Canada naphtha crackers to NGL crackers as a fraction of the -

cost of new NGL crackers, 'REP'. DISF is..the discount rate used to

- : . x% : ) .
COhvePt future revenues and costs to  present: value, It is specified

hmmm el - : AL eatlaa_ - wamir  NATOr ~ .- bhmmn e -
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DISF
SDSF
REP
FERD

" FERG.

Tabl » "
able 27 TABLE ALPC: Miscellaneous Constants

~0.50
0.95

0.95

e

°



n .
i
L] L
an

debate about the appropria{e discount rate‘ to choose. A zero discount
rate implies that 1n dec1s1on -making, the future is given equal consi-
deration with the present and that capital commands no rent. Since this
1s obv1ously not true. a zero discount rate is not appropriaﬁg.ﬁ‘A very
high discount rate implies that decision-making is based almost totally
N present considerations; fgture generations can look after themselves.
Since this is‘a philosophy not held in a modern industrial state, a very
high discount rate 1s not appropriate. Societal ‘decision-making Usual]y
uses a low discount rate. wusually 3% per annum. Commercial decision-
mak ing woul% be based on relatively high discount rates usually between

7 and. 10/ per annum Therefore a discount rate for governmental policy-

B -

i mak1ng wH1ch 1nvolves both societal and commercial considerations will

4 >
Yo

lig between 3/ and 77 per annum. In this analysis, the average of these

5.7
& w

two vaLue§ 1s .used. In the model, if the economic rent from oil and qgas

[

. '.»saleseécﬁrues only to the gover@ment.'then pr?vdte industry will have no

LN

. incentive ;to develop the .cheapest reserves first: however. even a 57
Cov ‘ - L .

”T,'T’r?ceﬁtaive:? 'irfi’phed by tak‘in‘g FERO and FERG values as 0.95. ensures that

»ﬁ.

', the' cheapest reserves are ‘developed first.. Finally, Eastern Canadian

S

; naphtha based ethylene p]ants are permitted to retrofit so that NGL

feedstOCks can be used; the retrofit option should be chéqper than
bdjlding new p]ants,: otherwise it 'would make no sense to retrofit.
*?herefqre, REP specifies the retrofitting costs as a fraction of the new

plant .costs.
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‘Y?:hspecifﬁes the cap1ta1 ava11ab1e dur1ng a” t1me

.JIn Tab]e 28 the U.S. Canad1an exchange rate factor 'EXCC‘ 1s assumed to

.be 1 235 throughout the p]ann1ng horlzon ; The propane PRP' butane _g;f;f,33w"
"BUT'Aand condensate 'CDS' content of ex1st1ng natura1 gas f1e1ds n ~r} h@f‘l

Py f”'~'“ Lo
» A]berta 15 based on the assumpt1on that as the deeper reserVes are pro—

v

duced the percentage of propane;nbutane and condensate decreases (56)

5TabJen2§fspecifﬁesrthebdiscount‘rate factors vror ekamo1e; if in TABLEI
’itALPCTftDISFd is assumed” to be - '05' - then all flrst t1gf per1od revenuesv
Fand coste must be mu]t1p11ed by 0. 9286 to_get‘the1r;present worths._The
model]er has the opt1on .of se]ect1ng rone ot. theofoiioging:discbunt )

| rates* 3, 5°/ %, 10,“ 12¢ or 15% per. annum.
To_ avoid. end effects prob1ems “n Table 30 the cap1ta1 coSts'are

'annua11zed over the assumed plant wae In this: table the‘fraction of

o cap1ta] costs to be ass1gned annua]ly arer;ca]cu1ated,asraffunctjonwof;
o * A [ A
discount r}mand plant }ife. ©00 T . T T ( _

Lk ..'

L Tablep31va§signs3 cap1ta1 pena]ty for excess1ve cap1ta1 use Tab]e 32 .‘
A e . . \\«Kb . o
p“r1od on: wh1ch there P

' would be ‘ho. penalty 1mposed by IABLE CACNF g,i'fg, ”

g ..‘ » . . , / ‘ . e AR T S 4
" L ’ : ) TS s ) o !
- T T '>- . - . 7 ’ : N . B
N S - ( I P S gé . ~ i N

S1nce a new p]ant is’ a35umed'_to start up‘ at the'beginnﬁng of a tﬁme
e per1od the p]ant w111. not »operate‘ at- fu]1 capac1ty from Startup
N Furthermore its f1na] operat1ona1 year ma@ be in the m1ddTe of a

",pertod In Table 33, «the 'product1on prof11e of a p]ant for every t1me~'
| ﬁjper1od fo]]ow1ng startup is 5pec1f1ed asv'a fractvonvof~the,un1t s1ze:-
specif, ed in TABLEaENTC.' For example, copsider. the valuepjn'column"20’,

a . . . . _
- : : o s Pee ~ gl
s NIRRT B . Lo

R ,‘ \. X ot : &



e

'.JF\ A &Lsxcc
(u5$ cs)

 ~;1985f.ffvj
1991
1997
2003
2009
2015,

L. 123
1.235°
11.235

e

~ e Table 28:

 :gﬁer1od o

"1‘9

A T
, 02 - 0.8009 .
03 . %6707

04 . 0.5617
05 N " 0.4704
06 0.3940 -

Table 29

S

111,235,,'
1:235
1, 23¢

1235

TABLE APRT:

1§rh%§563 o iﬁ:k "
| © §.6929

0.3859,

TABLE DISF

PRP BUT - DS

' ‘(Fractwon of 1980: véiuess,'.i'°"

_____ Ve —— _— -

90
84
.80

0095 0
0

0

80" 0.
0

0,5

0
0.90
0.87
0.87 ),
0 ‘80
0 .80 'é-

87
.87

o oo o o o .

a

o —————

Dei§count-
05

07

8638
4876
0.5171ﬂ'

0877
L0495

0.2879
0.2149 . 0.
DjscountAFéciors

':55‘"

‘Tiﬁé‘Débéhdént;tonstants

2152
1554 .




v s
RN
.

.
‘

Discouht Rai
‘%/X

e .

e -

05 -

07

o 0

12

15

Cay

©0.0672

~0.1175

. 0.1598

Table 30:

0.1339

0.0802"

)

10.0944

TABLE ACC: -

. 25

0.05"7;4":~
0.0710 |

o;ossé -
- 0.1102
0.1275

Life of Plant - Yrs

0.0651
0.0806
" 0.1061

0.1241
0,154 g 0.1523

——————

Annualized Cabit91“Costs
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ol 0.0944 " -
CXH 0.1175

YL 0.1061

CYH * 0.1334

CzZL © 0.1468 L
CZH .70

Utilities @ 7¢ real, Nz 205
CXH = Utilities @.9% real, N = 20: - -
CYL = 0il Sands , Heavy 0il, Coal:Liquids @ ’10%‘;réal, N
01] Sands, Hea'”. C.ba-] Liq'.uidsl@‘f'llj%: real, N
PNy 127 real N = 155

CYH = a1
CZH Petrochem1ca1 Pla'tS" 159 rea1 N =15

'jCVXL

D300 Ly

"
A7)
g

n

czL Petrochem1ca1 P’}_

n

—

Table 31: TABLE CAC: , 8apit}l Penalty Charge - LS

- —— -t - _—— - _———— e -

01 30000 . 20000 . lvzoooo-“ © 16000 12000 'EE} o
02° - 33000 22000 - 22000 16000 - 12000°
03 363000 24200 24200 - 16000 - 12000 -
04 . 39900 26600 26600 16000  :12000-
05 .43900,:" 29300 '29300° 16000 12000
06 7 48300 - 32200 - 32200 - @000 . 12000° '~

B R L _ e S ST
. : . oo B c - ‘w
& . Ly : : o NN . ‘ . ’,:{" S ‘ X o i .

Table 32: TABLE CAQ: Total Capital Available .



Non

and row '04'% a 20-year plant life  implies that the plant will cease?to

'ﬂvdperate afterrtworyears 1n time 'eeriod 4, Therefore, at ful] capaclty

- the annua] product1on in that per1od wou]d ’pe 2/6 or 0.33. -The value;u'

spec1f1ed is somewhat 1ower _to ~reflect the :age of the p]ant Also |

Sp cifjed‘in this tab]e are the product1on prof11es for certa1n prlmary -

. : \)
energy developments.

Tab]e 34 g1ves the cap1ta] »amorttzat1on ‘iiztor in whlch the annua]1zed

p

.._mta] %harges afhe assessed on]y for the 1life of . the plant. Smce 15 '
.".

nd 25 arefnot d1v1§1bbe by 6 fract1ona1 entries occur 1n ‘the- last ‘

x.‘ . .
t1me pertod B o ‘ - B ﬁ&g o
BTN o e
’ RF oLK . N W P . i
o ,"#i - ) Lo O N . !

K

P

This completes the datgjpeveiopment.‘thNeit}mrthé resths\frem‘the.baser -

R e S
. . . - . & e
_scenario run are presented..
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TAme Per1ods\

After Startup T

e e - T e -

‘.' o
Time Periods

© 04
06

)

X
S f

e g, Table 34:

. 03,

0.95
1,90

0,92

: ‘_‘0 00 .-

0,00
0500

[

o

1.00
1.00
0.57
;000

TABLE~§CF

" 0.00
. 0.00

-

R 3

'Life.of'P1ant ~”yéarSA'

20 . 25 ‘
0.92
1.00 - -00
1.00

0.31

0

1
1.00
0.

0

0

1fe of P%ant - years‘

Corvao 1 )

1.00° 1.00
.-1.00_.";-" "1.00
“1,0089%- 100
0. 36«% C1.00°
o 00 '

Cabit§] Charge Factor.

30

1.00

1.00

1.00
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Inforder‘to‘validéte the modeT structure approxvmately 200 tr1a1 runs
:were,made. The tr1aT ‘runs were ma1n]y in the smaTTer two- or. four-"

_'period versaons A1l the new var1ab1es anﬁ constra}nts were tesaed

‘ The test1ng of a new technology was done by sett1ng 1ts costs equaT,to ‘ﬂ{ ﬂi*lf

B zero- in the trial run “that t‘phno]ogy woqu d1spTace its compet1tors

_Tr1a1 runs were made to ensure that the»o11 andjgas pr1ces were cons1s‘ »

N R ; . o T

'tent w1th theqr reaT costs fof' production Due to the 1nherent weak—f

1nesses 1n T1near programm1ng d1scussed 1nt Chapter 1. tr1al ru?siwere‘,é{

'.made and ' the product1on and deT1verabxv1ty bounds‘ were adJusted to'

iy

ensure that a. pTausbee scenar1o was’ ged§;a2§d After»be1ng sat1sf1ed.-7

that the modeT structure was va11d and - using thevdata described in the"
» . . »,“'v"-’ .
. S
aprev1ous chapter ‘a six-year, six- per}@d 'base’sscenamio (scenario #1) -

- was generatedv.-d'#*-‘ - o . %
- , ) ‘. . . . : . '. - . ., ’ o

v ,,9 . N » . . ® - ': ' i . . ._‘ .:-.

" The mode output of scenario #1 _is»preSented inkAppendiit'C'; AThrough{

* 7out th1s chapter and the next  selected projections from this model are - E v

- : - ’ B .. A _ ¢
presented As exp]a1ned in Chapter 'III. the projectigns are not ’

1ntended to be forecasts, they are; reflections of how the‘economyiwoqu

'react to the assumpt1ons ,1mpT1c1&? in the model. structure and data.

a,

Therefore they are 1ntended to wprov1de insight5> nto the behaviours of -~
‘ and 1nteract1ons between Lhe‘_ene?gy “and petroc em1ca1 sectors Such T a

'1nswghts are d1scussed in. theiifinal ‘two chapters S1nce the output &
v 4 .
vaTues are the average'values for. the per1ods in whlch they oceur, they

-

heve been pTotted at the mid- po1nts of the pertods é@ﬁ\

sl
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. The deta11ed assumpt10ns 1n scenar1o #1 have a]ready,beenvpresenﬁed in

'

"the prev1ous two chapters The key data assumpt1ons relate to the wor]d,>

Coil prlce prOJecttons. A]berta natura] gas“Fesenyes. 11m1ts}on surface‘
'mtned 011 sanus act1vnty and’ the cap1tal cost surcharge for excess1ve[
x:nindustrial activity jq;a”gjveh tihe period. |

»

1. Natural Gas | o P

It 18 'neceﬁsary to j1nvest1gate the"A1berta natura1 'gas prodUctiOn'

O "_L &y

trends. since the Alberta petrocﬂem1cal 1ndustry¢ reltq&,on gas. and 1ts s
S g . ' . o R
assoctated natura] gas 11dﬁ1ds for™ its feedstock. SR ‘ ‘ o
: : "‘ O v . SRR
' The:productﬁonfprofites’bf ‘the three Alberta gas categorles descrtbed ; )

earlier are-endogenous]y generateq.' In F1gure 40 the ‘sum of these pro—,

fi]eé is shown as the Alberta ;marketabteegas'production.' fDiscoveredﬁlk
‘r' gas productton Jasts until - 2007 Preproductﬁon activities. fbr
P

un&tscovered gas reserves‘start from the m1d 1980 5 a]though produc—,
E]

t1on starts in the early 1990's. . The reason for thws is ‘that dur1ng the(%
°‘~early 1990's the f)rst level of capttd] is exhausted by 0il sand§T€’H‘\,t
petrochemica1 activities~ for the- ~preproduction’ acttvitjes to be

,~synchronous w1th product1on a capttal surcharge would be. needed fn-
*&9 'b N

the méd 1980 s, w1th low .energy and petrochem1ca1 act1v1t1es, the pre~

’ product1on act1v1t1es for undtscgvered gas are w1th1n the f\rst 1eve1'

: . of cap1ta] ava11ab1]1ty Thérefore the cap1ta1 surcharge constra1nt

. » n'q

m1n1m1zes the overheattng of the provtnc1a?feconomy The_ und1seovered

gas product1on peaks n 2003 and t1ght gas is requured by 2009
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FIGURE 40. BASE CASE: ALBERTA MARKETABLE GAS PRODUCTION
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" FIGURE 41, -BASE CASE: 'SURPLUS' ETHANE
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’ The,tqta] marketable gas production. satisfies both Canadian and export.
demands.A Prioriﬁy;is given to .Canadian consumer demands. HoWever; at
' thé'specified border pricesb fof ‘natural gas to the seven U.S. market
regions. natura? gas exports occur. to all the reg1ons In Figure 40.

“be peak is caused by the exports wh1ch correspond1ng]y peak 1n the

early 20005 : S o s

The product1on of -'the highéf—cost "undiséoveréd' gas cqqseérthe féa]
costs of natural gas to trﬁb]e between 1985 and‘1997. ‘%he'es£a1at1on B
.rate is faster ‘than the escalation in .gas prices. " Therefore, fhev "“ S
g hafufél gas rents'are ]ower.- The next escalatidn in rgql ¢Bsts 6c§urs

Lo R . S v
s v 1n 2009 as the "tight* gas reserves are produced.

I Lo o . " _ N PR ) a

bctﬁon'is associated with_the'ppdduction Of,nathal'

“,»gqu Thefefha@éf and NGLs will satisfy the provjnc1§3 indu§trja1 and’

o
LR

b'.conéuméf demands : any prodUcffon “surplus. . to.prqvinCia]vrequirémegtS'is
ava11if1e for export and ex- Alberta demand. Af fhe natural éaSvaOdUC—{

<‘t1onvlevels shown in Fjguge,40, an,ethane surplus occurs Thi§ sUrp]us
follows the natural gés-p}odUpthn;trenq, It peak; in the late 1990's
(Figﬁre 41)! The propane and butane surp]useé €xhibi? similar peaks‘ , S

,‘v"_. . . " - N .) ,
- » k. 3 H |
//’\\\\u;jﬁe surplus condensate curve is quite different from the surplus ethane™ :
| curve. its requifements as a di]uent'ffor'bitumen ang heavy oil causes 5
7thé,$urp1u$ té,dec]ine until.2009. ~In 20Q9, a decline in the bitumen-
blend requirements causes the condensate ~surplus curve to peak (Fiig;ev'

42).
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FIGURE_&Z. BASE CASE; zSURPLUS' CONDENSATE
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\
Natural gas. ethane and natural gas liquids are the principal feedstocks
. g
of the petrochemicals industry-in Alberta. ’
2. Methane-Based Petrochemicals :

The model results show that  there is a s1ight surplus in the Alberta .
ammdntavcapacity. No capacity additians are needed‘unti] 1991 major
new capacity additions occur between 1997 and 2009, in order to meet the
increasing regional 3hand and to ‘replace the existtng plants (Figure
43). This production is directed towards the Western Canada. U.S. Mid-
west and U.S. Pacific Coast ‘markets. Since the tranSportatioh costs
from Alberta to Easterh Canada and the Pacific Rim countrie!.are.Very

high, Alberta producers do not penetrate these markets.

In‘Eastern Canada. production increases steadily Qver time to sa}isfy
the regional demand (Figure 44). As shown in Table 35, in spite of a
substant1a1 feedstock pr1ce advantage for A]bert%ﬁ the tranSportatton

penalty 1s sufficient to shelter the Eastern Canadian producers

' _ B : : - -
Throughout the planning horizon the preferred feedstock for ammoria v

production ;s natura]-gas; not coal. Please refer to Table 15. The

Inatura] gas cost to Alberta producers 18 the product of ABP and IPF thev_ )

v

cost to Ontar1o producers s }CG.. From Table 22 the gas 1np%§
-ammonia and methanoi p]ants is obtaaned“ From Table 11, thé trgh"” i
: -« £ ® An
t1on costs from Albefta ggg.Dutarlo are extracted. The tranSporg?tlonr.

V- 4 kA Lol .
advantages for Ontario producers are the transportat1on costs d1v1ded by

the gas input, as shown.v The gas adVanUage is the difference between

~ ' . . . \



SRR Gas Transp.. Trans. Gas Net
Input Costs Adv, Adv. . Adv.
(MCF/T) ($/T)  ($/MCF)  ($/MCF)  ($/MCF)
Case A* ]
Ammonia 33.54 102.72 3.06 = -2.38 0.68
Methanol 39.09 60.22 1.54 ©-2.38 -0.84 ok
Case B¥* | | 5, 3
-------- |
W /4 R - .
Ammonia . ' 33. 102.72 3.06 -1.26 - 1.81 60.71
Methanol- 39. _60.22 +1.54 -1.25 *NQHZ9 11.34
* Case, A
LR T o
. : ) !}‘,‘g{'
N “Eastern an%d{an producers pay ABP + transportation = $4.08/MCF
Alberta prbducers pay Alberta industrial price (AIP) = $1.70/MCF
| DIFFERENCE  $2.38/MCF
L % Gase B -
v *-4"'—-——~-L v
Eastern-Canadiaﬁ producers pay AIP + transportation = 52.95/MCF
i Alberta producers pay AlP = $1.70/MCF
. " 4 ) . _.,‘__..’--"
DIFFERENCE . $1.257MCF
~ T
N ' Table 35: Competitive Position of Eastern Canadian
¢ -Mgthane-Based-Petrochemicals
i : %
" # LA Coun
L z ,-A . . {Ej N i I"h Py i
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FIGURE 44, BASE CASE: %ERN CANADIAN MONIA PRODUCTION
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_FIGURL 45. BASE CASE: ALBERTA CHEMICAL-RELATED METHANOL PRODUCTION:
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TCG,and the Alberta 1hdustr1a1'price."For Ontario,producers,the ammonia

transportat1on advantage outwe1gh§ the gas d1sadvantage Therefore'

( N
Alberta ammon1a product1on cannot penetrate the Eastern Canad1an market )

o
4
- -
i

For. Ontario producers the methahol"transportatjon'»advantage‘does not

- outweigh the gas"disadvantage; .therefore, Alberta methanot‘prod0ct19n'

_cahapenetrate _the "Eastern"Cadadian *market . Currehtly;‘the Alberta

producers have free market gas. prices. whereas fhe Eastern Canadian o

aprodUCers are ~chargedA a regu]ated"pr}te., It the Eastern Canadian

producers are also permitted to pay free market Alberta.prices, then

_ the1r natural gas costs would be the ‘Alberta 1ndustria1 price plus'i
_ transportat1on, therefore, the natural gas d1sadvantage would be reduced»
from $2 38/MCF to’ $1. 25/MCF In thgs case, for 0ntar1o producers the*

' methano]vtranéportatwon-advantage wou]d outwemgh the gas disadvantage

.and A1berta methanol oroduction would not ‘be able to penetrate»the
Eastern Canadian market and new methano] capacity wou 1d be.added ihvthe

East

.Methanol can be used either for _mahufacturﬁng 'chemicals or for fue]-

related uses. There ‘are two reasons for segregat1ng it on the bas1s of,

‘its uses. First, for fueT-related- uses., the Un1ted States 1mposes no

duty on-methanol, whereas for chem1ca1 related ‘uses 1t'1mposes a.18% ad

valorem‘duty‘ setond“ 'the chem1ca] related market 15 we]] estab]1shed

:and mature whereas the fue] re]ated market s sma]l but grow1ng fast and

e has potent1a1 for enormous growth




 The-mode1 results showv that - methaﬁb]—fbr—chemica]s caﬁ penetrate fh;&M
\ » S , o L .
export'market only in the first tim uperioq. 'As-the opportunity costs
of,natural‘gas“incréééé, gas as. ; feedstogk fﬁrwmqthanol 1§ &iverted tqi;
other uses. Howeyér: the domestic ﬁ%?két éonﬁinge5~tq g}éw (Figuré~45);'

Fuél—relateq methanol production increases steadily (Figdrev46). Since’”

"itftan enter the U.S.'harket_ tqfiff-free;' it is projected tq capture a -
‘poftWon of.thainmarket.' .HoweVér‘ﬂ this marketu'1sh,on1y:1h'its'eahly

stages of dévelopment and ‘the Alberta ,surplus'pfoductibnwcapac'

methanol remains uﬂt11‘199ay

I .

'Fue};re]ated metﬁanb] bééins ‘to dqmihate from -1991 ohwardsi bﬁo;new
ﬁé{hanoi piénté are néédede.unti1/.%003.” af ‘wh{gh 'time bothvcoanaAAV
-natural gas are_the;feedstocks ftol theL néW»pléhtsA(Figy;é§‘47-énd'48j..
The-réasoh for the HUa] feedstocks s  that népuqux§5§ and natural gas
liquids préductibﬁ is‘cbns?rvedfin}oréé}~fo meeﬁaﬁhe requirementstin the -
‘1atér\t1mé perjéds: furthefﬁoré. théi nétura]  gas prAceéfafe escalated
‘faster than pﬁé coal prices so that in tHe‘later periods'coa] becomes a

L

tompetitivefféédstbck for methano1. 

3.V:Ethfne- and Highér—Based Petrochemicals
As'éthﬁ in Figure ld, there 15_5 subSt@nffa]féfhylene over—cépacity*in
Cqﬁéda. The model " results iﬁdicqte fhat;' compared to Alberta, the
- ;Eéstern.Cénadién:naphtha—based‘plants aré noEﬂcompetitive.. In Table 36,
>? the pfoduéf{énvlﬁésts"qf etﬁaﬁe—based (ETE). vnapﬁthé~based (ETF) and
..éthéne-prépane’based (EPE):ethy}ene p]aﬁts are cbmpéred. A |
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FIGURE 46. BASE CASE: ALBERTA"FUEL-RELATED METHANOI: PRODUCTIbN A
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FIGURE 47, BASE CABE: c_UMULAifI_VE METHANOL~-FROM-GAS ADDITIONS
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FIGURE 48.
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FIGURE 49, BASE CASE: CUMULATIVE ETHYLENE-FROM-ETHANE ADDITION
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, Ethylene P1a6t§"‘“,.v :

Feedstock - B TR EPE
Costs (MMS) — (MMS) | (MMS) "
Costs .
Capital = - ' 4939 - 100.39 " 63.32
Operating Y R 35.20 71.50°° 44.50
Gas - C $1.70/MCF 29.7 . - 2.98 |
Electricity 3.2 €/kwh - 3.10 3.10 : 3.10. '
Ethane 7.73 ¢/# 145.32 - 8194
Propane -~ 9.32 ¢/# 2.42 - - o 138.96
Naphtha =~ $44.03/bb] = 813.23 -
' 265.38 988.22 334.71

’

Butytene .- o« 8.69  76.14 . 8.23
Fuel 031 ' » 6.81 B7.46 14.56
Propylene 6.75 205.13 - -
"Ethylene - - - 243.20
22.25 368.73 265.99
3. Production Costs = \ B ‘ : ’ 3 }“ ‘ A' o
ittt . v , | S
Ethylene (é/1b). .- 7~ 16:63 . 41,32 - .
Propytene (¢/1b) - . = - 24.1
: " 4 : .

i

Table 36: _Ethylene'and Prppylene Costs

o



. The téchniéa] and economic coefficients. are \froﬁ,TABLE ENTC: the feed-
stock and product prices are from the various price tables. If the

.natural gas ‘costs are assumed to" be 607 of the Alberta border price,

- U ' . , -
then the Alberta ethane-based plant can produce ethylene at a cost-of-

service of 16.22 ¢/1b.- Ifoth{s ethylene price is used  in the EPE case./

-
L]

then the propylene price is 24.1 ¢/1b. If the*natural gas costs are at

Alberta border price. the ETE ethylene costs increase to 17.53 ¢/1b and

, the EPE propylene costs decrease to 17.91 ¢/1b. . The transportation

* penalty for shibping ethylene from Alberta to Eastern Canada is -3 ¢/1b.

Therefore, an Fustern. . producer has to compete with 19.22-20.53 ¢/1b

*

| ethylene. As 2npwn in. Table 36, the naphtha-based ethylene producer's

ethylene price is 41.32 é/lb.' If the capital costs of these plants are ;

6ohsidered:asvsunk, the ethylene price is 34.62.é/1b. The conclusion is

}haf:in'Canada”noxprocess.based upon crude o1l or naphtha feedstock can

' 7produce ethylene or prbpyiéne at vcompetitive\ costs compared to ethane

and propane based processes.:

fn,theiu.S. Gulf Coast, ethy]ené prices are set by the high cost swing
supplier, brobabTy a haphtﬁa-baéed plant. Even if conditions were such
tﬁéf tHe'Easfefh canAdiah petrochemical 'pr6ducers éouid coﬁpéte in the
.U.S. markets, the .A1berta“supb11ér vcoq]d' supply ‘éthylene to those

~markets at 1ower‘costs.

To meet the projected domestic and export demands for the ethylene-deri-

vatives, the modei results show that a wdr]d_scale ethane-based plant

will be required'in' Alberta - by 1991 and a mixed,ethanerpropéne plaht
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short 1y thereafter (Figures 49 and 50)." -In 2003 and 2015 the patterh
’ : . T ’
‘wil] be repeated. The propylene from the mixed éthane%propang plant

will be used in the manufacture of polyproylene in Alberta.

As shown in Figures 51 and 52, as Alberta moves to.capture the available
markets in EastprnVCanada. the U.S. -and the Pacific rim countries, the
~existing polyethylene capacity ﬁhould be fully utilized and substantial

new capacity will be needed. »

I% ethg]éne gf@col. there is'"currently a productidn overcapacity in

\

Alberta. The model results show (Figures 53 and 54) that no new plants

witl be needed unt11 the beginning of the next century, after which
there will be-a steady growth in capacity untit the end of the forecast

. period.

Styrene is manufaCturéd from'behzene and ethy1ené. ?or crude 0il based
péfrééhehica}s']ike benzene there 15f‘no ‘féedstdck price advantage for
Alberté. ‘fhereforé, fhe styrene harkets _1nbEa§tern_Canadq and thé‘U”S.
arelprojected to be ‘retained ,by “the Eastern‘Cénadian producers. - The
iPacif{c rim and'western tanadian markets will be acceSsib]e‘io‘ATberta

»

styrene.' The current styrene plants will operate ét Capacity and no. new

. ' # : s
capacity-will be needed until 2003 (Figure 55).

Vinyl chloride mdrkets in Canada and the U.S5. will be‘economically

accessible to Alberta producers. However., no new VVCprlaht will be-

needed until 1991 (Figure 56).
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‘FIGURE 50, BASE CASE: CUMULATIVE ETHYLENE-FROM-ETH/PRP ADDITIONS
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FIGURE 51. BASE CASE: CUMULATIVE LOW DENSITY POLYETHYLENE ADDITIONS
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FIGURE 52. BASE CASE: CUMULATIVE HIGH DENSITY POLYETHYLENE ADDITIONS
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FIGURE 53. BASE CASE: ALBERTA ETHYLENE GLYCOL PRODUCTION
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FIGURE 54,
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Vinyl acetate monomer production in Alberta will satisfy the relatively
small domestic and U.S. demands. The major demand wil)l come from the
Pacifirc ram countrtes, but this region will not be economically acces-
sible unt1} 2003, at which time there will be a surge in the Albertg

production capacity (Figure 57).

In the early 1990's. with the avarlabylity of propylene, an Alberta
¢

polypropylene plant will become feasible. The Western (anadian and U.S.

demands will be relatively small. The Pacific rim market will not be

eco 1cally accessible. Alberta polypropylene will meet the demand

addit {ons for this petrochemical 1n Eastern Canada (Fiqure 58).

The construction of a mixed ethane-propane ethylene plant will also
Spawn a butadiene plant in Alberta at the turn of the century (Figure
59). It will satisfy the Western (anadian demand and the additiona)

/
/

demand 1in Eastern Canada.

The aromatics domestic and export markets will remain n Eastern Canada.

4. Investments in Alberta Petrochemicals

-

As shown 1n Figure 60, major 1nvestments 1n Alberta petrochemicals will
occur n the 1997-2009 period. as the current overcapacity problem 1s

alleviated and as currently existing plants are phased out.

1
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FIGURE 58, BASE CASE: CUMULATIVE POLYPROPYLENE ADDITIONS
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‘:A;scehario wasv‘constructed .by ‘altering

L

__.__—__,_.._::__:::::Z::::::::::::

N'The;major'fssues‘ confront1ng the modernlzed. export or1ented Canadfane.'

Avpetrochemica1 1ndustry 1nc]ude\\the 1ong term feedstock ava11ab111ty,,.

N

'capltal ava11ab111ty.cfeedstock costs.‘ product pr1ces and the compet1:'

' tlon between Alberta and Eastern Canaz’an producers Us1ng ‘scenar io #1 ,

as the reference, these 1ssues were st ed 1n a set of seven scenar1os

:some 'data assumptlons 1n the
'

“model After the scenaric. had . been completed the a]teg@d assumpt1ons
. were reverted to the base “values.. One of the prob]ems n constructfng- K

'scenarfoS'fs that a]tering one osetf of assumptfons usua]]y affects the .

other assumptlons For example if the A]berta gas reserves are 1ower3
/ :

than the values 1n SCenar1o #1 the producers w111 not sel] the gas at a

'"dfscount therefore ‘the 1mpact ofilower‘reserves wou]d/be hfgher prfces, 

than were assumed 1n the base scenario ‘Thé resu]tfof 1ncreasing thev

+ /

‘nnatura1 gas prlces wou}d be that a]] the energy and petrochem1ca1 pr1ce;-.'

S

<

‘schedules wou]d have to be a]tered CIf va]] the changes were made the

' 1mpact of 1ower natural gas ‘reserves wou]d not be transparent There-o‘

fore. the pract1ceiof ,a]ter1ng 'one_ set: of assumpt1ons at a time was

. adopted. =~ -

:fThe 1mpact on’ the petrochemlca] 1ndustry of natura] gas ava1]ab111ty was
Lfystudfed-1n two scenar1os,_f3rst by restr1ct1ng the natura] gas exports
and second, by 'reducing’ the natura? gas reserves ffgures. ,Cap1ta1

Cavailability was studied‘hfh' two scenarios’ . ffrstf”"y atterfng them -

: 1n1t1a1 level of cap1ta1 and second by 1ncreas1ng the requ1red rates of;
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return. Feedstock costs were studied by'increasing‘the Alberta indus-

‘\tr1a1 pr1ce of natura] gas and by reduc1ng ethane costs Product prices

fvwere stud1ed by reduc1ng the petrochem1ca] pr1ces throughout the p]an-nu

o ning horizon.. F1na1]y, the' compet1t1veness of the Alberta and Eastern

Canadian petrochem1ca] 1ndustr1es was studled by prov1d1ng Petrosar w1th'

‘alternate modes of operat1on. us1ng a comb1nat1on of natural gas 11qu1ds

~‘and crude 071

Scenar1o #Z 1nvest1gates the 1Mpact on the petrochem1ca] 1ndustry of

’restr1ct1ng the natura] gas exports to currentlleveIS‘- This scenarro'

i’\tests the v1ew that natura# gas exports ought,to be restr1cted 1n order

. Scenario #3 investigates the impact on the petrochemical industry of

5

',to ensure Jts«iong term ava11ab111ty as[ a feedstock for the petrochem—ﬂ .

1ca1 1ndustry The only change made tosthe base

the natura] gas exports to the Un1ted States to 700»BCF/y throughout the

Y

‘p1ann1ng hor1zon

more pessimistic natural gas reserves assumptions than were madg in the

base scenario;» ESsentiat]y;‘ thej'new estimates are'very coﬁgirvative
with respect to future gas dlscover1es Regu]atory bod1es. such as the'

ERCB and Nat1ona1 Energy Board tend to take this stance. th1s is because

proper‘regu1atron demands; a conservat1ve rather than a specu]atlve
. . R S <.

Ry

- approach. _Howeyer, it must be po1nted out that when 4 1 TCF/year are

- being dtscovered it is_ quite unreasonab]e .to assume that no furthert

d15cover1es w11] be made in the future..”Therefore,:the_'undiscovered'

cenar}o 15 to restr1ct




_-4 »
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reéervesv(IIS 75 TCF in the base scenar1o) are reduced to 30 TCF and not
to zerb The t1ght' gas reserves, whlch have yet to be de]tneated. are
reduced from 187. 5 TCF in the base scenar1o to 50 TCF. |
,Scenartoc#4 comprises ofv‘two‘ Sub—sceharide;_sceharto‘#4A investigates
v‘the impact on the‘petrodﬁemiCalv‘iddustry of ihcreasing the tirst'levelv"
of expehditare by‘SO% and‘5cenario -#4Bktnue$tigate$ tﬁe impact of a 507
decrease from. the{base scenarto dy attertng the first ]eve]uOf cepita] '
the robustness of the mode] resutts‘ torcthis constrajut.cén be'tnyee—b

.,tlgated.b !

'.('. L
Scenar1o #5 1nveFttgates 'tHe} 1mpact “on the petrochemic31 ihduetry df‘
requ1r1ng h1gh rates of returd r .most energy prOJects Higher-rates’
of return are usua]]y’ required. in t1mes " and reglons of econom1c andf_ B
.poTitdcalvtnﬁtability.' This scenario ref]ected the preva111ng sentlﬁent‘
in the 1ndustrylduring thereerly 1980 'S The only change made to'the
' base scenario is to increeee tue rea] .costs ofdcapjta1_trom‘the‘;bage',v
..values'of,loi p.a. tq.15% an;. | | o
Scenerio #6 fhvesttgatesﬁ the .1mpect‘ on the petcocuemical 1ndustry"ot
lower; petrochemical prices throudh :tHe vplaudinéylhortzod. Ai.It was
,se]ected because paét fdrecaets :df petrochemical - prices have not 5éeh}~-
geheretty relﬁéble The only cHange méde to the base écenarjd is»td

% " reduce the petrochem1ca] prlces by 307 : R o



Scenario #7‘eomprjses_qf.two sub scenar1os in scenario #7A the Alberta‘

.1ndustria1‘pr1ce is assumed to be cequal to the Alberta border prxce

thrbughout the ptanhing hOriion and-in scenarlo #78B the.rep1acement co§t .
of unprocessed ethane and natura1 gas . 1iquid$- ts assumed to be b0% of

the Alberta border prlce on7, A fueleequivalent_basis; It was selected

due-to the current re th1nk1ng of - thebpr0v1nc1a1 government's natural

gas and NGL pr1c1ng pol1cy

* Scenario #8‘1hVestigates the impact  on- the petrochemical industry of a

switch by Petrbsar,td'ba combination crude ot]-NGL'feedStbck It was

seTetted,becauSe_Petrosar'had stated that such a change wou]d make 1t ,’

economically'viablea ‘Changes have - been made to the base scenar1o to

- permit Petrosarbtb.operate‘in,two addﬁtionat’feedstock moaes;

M

In this chapter. the.seven scenarios are compared to 'the base Scenario

results.

A. A COMPARISON OF SCENARIOS #1 AND #2

When‘the naturalsgas-eprrtéf are restricted to 700 BCF/y, the. Alberta;_

marketable gas production profi]ﬁf}

scenario #1 (Figure:61). 'jUndiseovered",A]berta gas reserves are not

deveiopeﬂ unt i thettbrn‘of the century ahdvho.'tightfvgas is required )

in the planning horizon. : - t L

o'Tonger' has the peak that it had in
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-gaS'exports,on'ammonia production 1is not significant;".-ﬂ

As shown in Figure 62. the -reduced gas prodbction results in a greatly

reduced ethane surplus. In fact. from 1995 onwards the ethane surplus
vvirtua11y disappears. The propane and butane surpiluses f011owAa similar
trend. There is no cbhdensdte(surp]us from the late 1980's to the late

20005 (Figure 63).

Methane-Based Petfochemicals

In accordance with current practice, the model '15 formu1ated so that
ethane is not extrapied when the -natural gas is used within Alberta.

Ex-Alberta gas, destined for FEastern ‘Canadian” and export markets, is

‘processed in a straddle plant where the ethéne and remaining nétural‘gas7

liquids are extracted. ‘A]though the modelling has been done to reflect .

current reality.-this turns out to be a limitation. As shown in Figure

- 63. there 15 a condensate shortage 'in Alberta in time periods #2. 3 and

4. Therefdre. in t ime beriods #2  and 3 thefnatural gas for. the produc-

tion of Aﬁbérta'qmmon1a'3n§ended for 'the_ U.S. Midwest ., is diverted to

"Eastern Canada in- order that the condensate Eemaining in it may be

éxtracted. along with the ethane, in the straddle plant. ‘Frbm period;#4

onwards -the condensate requirements are no 1onger'1imitingv5hd thélU.Sf
 Midwest market reverts back from Eastern Canada (Fiéure 65) to Alberta

1‘(F1gufe 64), In reality, if 'there“evef was an'ethané.or natdfa}Aggs

1iquids.shortage.‘a'p]ant would be séf up to extract theselpetrdchemical'

~

¢
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Since the highly profitable natural gas export, market 1s restricted. the

model seeks to satisfy the other. Jower  value uses of natural gas.

Therefore, during 1985-1991 it exports methanol dﬁ the Pacific rim coun-

tries and there is no methanol surplus capac%ty HQ A]ber%a (Figure 66).

v 3

~As  shown 1in Figufe 67, the, K fuel-related mgﬁ anol prbduction also
-4 *

) . '. . L . ok
increases in 1997. ~ Qi;‘x

* :". 5»’\“““":? .
2 ex‘foﬁk SefRpd: Tor natural gas,

B,

In the base case, in order to meet
‘undiscbvered' gas 1s‘pfoduced,ear1jer€ka
néturé‘of the production profile the gas is a]So used for methanol pro-
duction. With delayed 'undiscovered’ gas prodUptioh and no 'tighf' gas
production. the model uses more coal feedstock fbr mefhano] production
than in tHe base case‘(Figures 68 aﬁa '69). This is a natural gas pro-

duction profile imposed constraint.

Other Petrochemicals
.

As shown in Figure 70, compared to the base case, thé'ethane—based

ethylene plant -additions are Jlower in 1991, Highé?'/ih.1997 and then.
lower again in 2009 and 2015: the ethane/prdpahe based plant additioné

are lower in 1997 and higher in 2009 and. 2015 (Figure 71), with a

COrresponding impact on Alberfg polypropylene product ier—Hgqure 72).

The- 1997 effect s difficult to explain: the 2009 and 2015 changes

reflect the fact that there is no ethane surplus in those time periods.

The overall ethylene production is not changed: the production profiles
of ethylene—derivativeé, butédiene and aromatics are similar to the base

case profiles.

A | '
an in s%éh@@@p #2, due to the
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FIGURE 69: SCENARIO 2: CUMULATIVE METHANOL-FROM~GAS ADDITIONS
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FIGURE 71, SCENARIO 2; CUMULATIVE ETHYLENE-FROM-ETH/PRP ADDTTIONS
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FIGURE 72, SCENARIO 2: ALBERTA POLYPROPYLENE PRODUCTION
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Investments

Since the petrochemical exports dre relatively unaffected. the wmpact on

*

petrochemicdl 1nve®¥tments 15 not very severe (Figure 73). =
Conclusion

The scenari1g analysis shows that the main 1mpact of restricting natural
gas eexports 1s thag‘durwng the 1nitia® time periods, Alberta 15 able to
export more methagfol. However. the lower natural gés exports mean that
the economic rg‘ts will be subStan11ally lower . Therefore. the combined

effect on the (nergy and petrochemical sectors of such a scenario would

be negative.

B. A COMPARISON OF SCENARIOS #1 AND #3

The reduction 1n the ‘'undiscovered' and 'tight’ gasvreservc es%wmdtes
results in a disasfer scenario for the petrochemical 1ndustry. As shown
in Figure 74, the Alberta marke?able gas production 1s greatly reduced.
"Undiscovered’' gas production 15 lower and 'tlghﬁ' gas has to be brought

in sooner. Beyond 2009, coal gas{fication 15 necessary.

The reduced natural gas production causes the surplus of ethane and
3
propane to disappear after 2003 (Figure 75). The butane surplus 1s

greatly reduced and the condensate supply 1s limiting from the mid-

1990's to the late 2000s (Figure 76).
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Methane-Based Petrochemiéa]s

-The Alberta ammonia production‘profile in both scenarios is similar. As

n-in Figure 77. Eastern Canadian ammonia production-is the same as-

|

!

i bdég_taﬂeiproduction‘for the first two time perfods. after which it
'deélines‘rapidiy,, A]bérta'gas'Sent to Easfern Canada2is-iﬂténded méin]y B

to satisfy the-eXOgeneously specified resideht1aﬁ and commefcial dehand.

This js consistent - with real™y. since residential and commercial

buStomers shou]d‘nbrma1]j' be in a position to. outbid -the ﬁhdustrial .

. customers. The available .Eastern Canadian ammonia market is not cap-

O

,‘tufed by the A]berta,bfoducers,',due to the high ammonia tfanspbttation_j_.‘

.. costs bétween,the two regions. - ‘This implies that. given {hé scenario
"éssumptions.,ammonia‘wou1H have"to ‘be imported into Eastern Canada by

‘ 1997;f:A1ternaf1ve1y, in‘Eastern“anadé- a hydrogehySbUrqe wou ld haVe'td'L

‘be found which could produce ammoriia at a competitive price.

-

,The‘natural_gasishOrtage.and highehfcdsts:havé_a'méjof 1mpact‘on'A1befta>

" ‘methanol production (Figures 78 ‘and 79). = Due to fhé low. product ion.

there is serious overcapacity until the mid-1990's. = No exports of

- ‘chemical-related methéno}'occurfgnlﬁ Figure 79 thé,drdp'jh fue]éreiatgd;:

. . _ . R - o o _ L .
- __methanol‘bfodu;tjon'1n.2003<2005f15 due toythe-]oss of export markets. =

o

- As sthn'in Figure 80. coal 'bécdmes‘ the dominant. feedstock1: Cba]

~‘methanol. is needed to satisfy the domestic demand for methanoi. Since

‘ coa1 price§‘arevexogenédusiy;ésca]ated’ slower than the meﬁhanol-priées,

the fuel-related methanol export market 'is re-entered in the final time -~~~

peridd_(Figuré-79);'"
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" FIGURE 78. SCENARIO 3: ALBERTA CHEM-RELATED METHANOL PRODUCTION
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FIGURE 80. SCENARIO 3: CUMULATIVE METHANOL-FROM-COAL ADDITIONS
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\k;g;oflethylenec The total . ethy1ene product1on is lower than in the base

¢

Other Petrochemicals

Thegethylene plant additions in the two scenar1os'are quite different
7,(Figures'81 and 82): in scenario #3 there are’ fewer ethane based add}—
tions and more ethane/propane add1t1ons . As expla1ned earller beyond‘.

2003fthe total ethane and:propane product1on s used 1n the manufacture '

o case.

. 1s‘lower than'in the: base- scenar1o (F1gures 87" and 88). but the most’y'

The high densjtyvpotyethytene'plant add1t1ons» are ]ower in the 1n1t1a1

~time-period and'bothnﬂowf and h1gh dens1ty polyethylene p]ant add1t1ons.

are lower in theﬁfinal.two t1me per1ods compared to the base scenario

Pacific rim and U. S Pac1f1c Coast_ markets (F]gure 85) : Th1s decreases"
the number of ethy}ene g]yco] plant add1t1ons from three in the base

scenario to onex(Fidure 85) Both styrene and v1ny] ch]or\de product1on:

affected ethylene der1vat1ve is v1ny1 acetate In‘scenario-#B;no-worldje.

w1de v1ny1 acetate plant is needed (Fugures 89 andy90)r

The 1ncrease in the vethane propane ethytenepplant.addjttons-resblts 1n
correspond1ng1y hlgher polypropy]ene vptant ’addttions 'in 1991?and 2b03 p
and Tower add1t1ons 1 2009 and - 2015 (Figure. 91)1 In scenar}o #3 S
A]berta polypropy]ene is exported .to ’the U S. M1dwest and the Pac1f1c

rim countr1es. The 1mpact bon_ butaddenesris_ s1m11ar but not qu1te SO .

' pronounced.’ Aromat1cs product1on cont1nues as before

. S ' , | o o
‘(Figures 83 and' 84)”» Ethy]ene g]yco] does not“ gawn access to thef.'
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"

'FIGURE 82. SCENARIO 3: CUMULATIVE ETHYLENE-FROM-ETHANE ADDITIONS
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FIGURE 83. SCENARIO 3: CUMULATIVE HIGH DENSITY POLYETHYLENE ADDITIONS
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FIGURE 86, SCENARIO 3: CUMULATIVE ETHYLENE GLYCOL ADDITIONS
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FIGURE 87, SCENARIOl3: ALBERTA STYRENE PRODUCTION
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FIGURE 88, SCENARIO 3: ALBERTA VINYL CHLORIDE PRODUCTION
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Investments

Compared to the base scenario. the petrochemical 1nvestments 1n scendario
#3 are much lower as the petrochemical activities in the later periods

are lower (Figure 92).

Conclusion
Lower Alberta naturdl gas reserves do not affect the Alberta amménia
3” production, but drastica]ly‘ reduce the Eastern Canadian amméhia pro-
e duction. They affect mgthano] production., initially causing serious
‘ \overcapacity problems and later on, an exclusively coal feedstock for
Hgy methanol plants. They affect ethylene production. initially causing
moré\prppane to be used as feedstock and after 2003, éausing the
ethylene Rﬁdustry to decline. The‘ increased propane use results in

higher polypropylene and butadiene production i1n Alberta unti]4the final

time per1od; The oil-based aromatics production is not affected.

C. A COMPARISON OF SCENARIOS #1 AND #4

Scenario #4A is a 507 increase in the first level of capital availabil-
ity scenario #4B is a 507 decrease in the level. compared to the base
scenar 1o va]ueé. In scenario #1. $5.2 bif]ion were spent in natural gas
préproduction activities in the first time period. although the produc-
tion of the gas discovered during such activities did not start until
the second time period (Table 37).  This was because of the capital
surcﬁarge constraint; As exbected. when the constraint is relaxed 1n

scenario #4A, the preproduction actiVities are deferred until the gas 1s
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Period
1985
1991
1997

2003

2009

2015

Scenario #1
~(Billion C$)

5.2
°22.0
- 19,7
6.5

v 29.3

. ;) ’

 :Scenénio #4A & Scenario #4B
(Billion C$) (Billion C$)

0.0 .11.4 o
C29.7 . 6.3
‘_0.0\ 1200
5.0 1.2
425 . 30.6
504 : 39.6
’ &

Table'37: Natural Gas Eiplpnation and Develmeent'Costs
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'\lactbalty needed Thts bcan be c]ear]y seen ;1n Tab]e 37 wh%re $29.7

- sb11110n are spent 1n the second t]me per1od for undJscovered gas and
| the next major act1v1ty occurs beyond 2009 fqr-ftightt gas. Ih Table |

37, the effect of t1ghten1ng the capital surcharge constrednt may elso:

be seen; the . preproductiqn expend1tures are 1ncreased in the 1n1t1a]

period' the‘capita]‘avaiTab]e i 1nsuff1c1ent and th1s rezults in: Iower

LY

Alberta marketab]e gas production beyond 1997' (Figure 93).' I&igure

.93, the 1mpact of scenario #4A is noticeable on]y in. the fi al time

-perlod, when more gas . 1s produced than in the base scenarlo Apparently»

221

the pena]ty imposed by ear]1er than- requ1red preproduct1on act1v1t1es 75: L

1ess severe ‘than in the base scenar1o and h1gher exports of natural gas

to the Un1ted States occur 1n ‘the f1na] period.

The changes .in the Alberta natural gas production are reflected in the

ethane surplus projections (Figure 94). ~In scenario #4B, thé ethane

surplus s initia]]y'higher; the Tlower capital availability results in >

lower activity in ethylene - derivatives and thereby less ethane-propane

based~ethy]ene plant additions than in the base case. In scenario #48.

'the‘eondehsate supply becdmes 1imit1ng beyond 2003 (Figure 95).

Methane-Based Petrochemicald

e

In both scenarios #4A and #4B the A]berta ammon1%§product1on is not

: affettedl,”In scenario. #4A - the Eastern Canad1an ammonia product1on 15-'

not affected whereas in scenario #4B, due to the: 1ower natura] gas pro-
duction, Eastern Canadian ammonia productien is lowqr than jn the‘baSe

stenario;(Figure»QG)ﬁ
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In'scenarid #4A theimethanol product1on remains 1arge1y unaffected :in\
, the f1na1 time pertod due to 1ncreased natural gas ava11ab111ty more

.natural gas is used ﬁﬁn_ methanol capac1ty add]t1ons_ than 1n‘the base

scenar1o (F1gure 97). In_scenario #4B natura)l gas'based methanoT qapa~

city additibns are very low; new éapacity is almost exelustuely cpal-

based_(FigUre,98)." Th1s affects the fuel related methano] product1onh'

 vthch..beyond.1997 1s 1ower than in the base scenario (F1gure 99).

Other Petrochemicaise‘

In scenar1o #4A. there 1s mdre ethane used in the. ethylene plants dur1ng
1991-2003 than in the base scenario (F1gure;100). The ethy]ene der1va;v
tives prdduttton Ts-not'affected. ~ Due to lower propane usade'in ethyé"
‘1ene plants (thure 101) the Alberta po?ypropy]ene-production‘isftower

(F]gur£ 106) and the Alberta butad1ene add1t1ons are - 1ower (FiQUre 107).‘

,’*@'

_In.scenariol#4Bﬂtthe,.restricted"capita] avaﬁTabilﬁtydseribusly affects

“the ethylene and derivatives industry. As shown in Figure 102. due to a

lack of penetration of the Pacific rim markets. the high density poly-

: ;ethyJene;produetion in‘Albertar'ts -mUEh lower ‘than' 1n'thevbasefcase.
" Ethylene g]ycois_capacity':addittons are s]ight]y lTower (Figure 103). :
-'Styrene production 1s'slightly»touer (F1gure 104) ‘thy1,ch10rideupr0—

_duetion*and 1ow‘density-‘pdlyethy]ene productlon 1s unaffeeted '.Viny1

acetate product1on is much lower between 1997 2015 (F1gure 105) There-

fore, 1fvthe ethylene-der1vat1ves are ranked - 1n terms of the 1mpact of
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FIGURE 97. SCENARIO 4 : CUMULATIVE METHANOL-FROM-GAS ADDITIONS
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'FIGURE 99. SCENARIO 4: ALBERTA FUEL-RELATED

METHANQL‘PRODUCTION”"‘
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FIGURE 103, SCENARIO 4: CUMULATIVE EHTYLENE GLYCOL ADDITIONS
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FIGURE 105. SCENARIO 4: ALBERTA VINYL AC
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restricted capital on their production. vinyl chloride and low density
polyethylene are the 'best': high densify polyethylene and vinyl acetate
are the 'worst' insomuch as they have the lowest returns on capital.

Investments - /

In scenario #4A., petrochemical investments are not affected. In

scenario #4B, due to the capital restrictions. petrochemical investments

are generally lower, (figure 108).
Conclusions

More capital availability does not have aimajon impact on the Canadian
petrochemicals industry. Capital ‘avai1ab131ty at projected values, is

not a limiting factor in the future development of the industry.

Reduced first-level capital availability does have a major impact on the
‘petrochemical industry: the greater prebroduction activities penalty
affects the Alberta methanol  preoduction and the Eastern Canadiaﬁ ammon ia
production: the plant 1nvéstments penalty _resu]ts’in ldweﬂygthylene and

, derivatives'productioﬁ ]eve]s:

D. A COMPARISON BETWEEN SCENARIOS #1 AND #5

The increase in the required return on capital results in lower petro-

chemical activity and causes a slight reduction in the Alberta market-

able gas production profile (Figure 109).
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FIGURE 109, SCENARIO 5: ALBERTA MARKETABLE GAS PRODUCTION
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]

As the ethylene production 15 reduced, the ethane surplus increases
(Figure 110). As the wupgraders become uneconomic, more bitumen dand
heavy o011 are exported. causing o steady reduction 1n the condensate

surplus (Figure 1111,
Methane-Based Petrochemicals

As the exports to the U.S. Midwest are reduced, there 1s a marginal

reduction in Alberts ammonia production n 1985 (Figure 112). The
|
export market temporarily lost by the Alberta producers 1s supplied by.

¥

the Eastern Canadian am producers (Figure 113). The reason for
"o,

this behaviour 1s expi;'

based ethyliene capacif”‘ igher than n the base case; the ethane- .
propane capacity 1s Jower but additional ethane is required. Th{s
ethane 31s extracted by diverting some natural gas from Alberta ammonia
producers to Eastern Canada. In subsequent time periods. Alberta
ammonia production reverts to its base scenario values (Figure 112). Iﬁ

the final time period the Eastern Canadian ammonia production 1s lower

(Figure 113).

‘The higher required rate of return increases the preproduction expenses
for natural gas, pushing out the lower va]ﬁec uses of the gas. -As shown
in Figures 114 and 115, methanol production: 15 one of the lower valued
uses that 1is af%ected. Since fhe coé] mining activity has not been
explicitly modelled, the exogeneous coal costs are not affected in this

scenario; therefore coal becomes the preferred feedstock for new
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FIGURE 113. SCENARIO: 5: EASTERN CANADIAN AMMONIA PRODUCTION
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’._L1ke polypropylene the butadiene proddction is '1ower'than in the baSev:jf

CBSE

237

"methano] plants (Figure 116). This:‘is another modellfimitation; since

in reality, if the return .required for natural gasﬂpreprod0ction"acti-

vities are-higher; so will fthe"return'requﬁrednfor‘coal:mﬁnjng'actjvfe

tiéé bejhjgher*than in the base}scenarfoo‘

Other»Petrothemicglﬁw‘:Q

‘ i! 0,
S

‘Compared to the baee'$cenario-'va1ues;; more  pure ethane p]ant”addttions.y'

~ and less ethane—propane'plant uadditions of ethyJene-occurf(Figdres.Ii7‘;

and 118) This could because the fethane-based plants have lower

‘capfta] costs than ethane propane pTants or because the.increased.costs

« .

<

.result m the reductfon of po]ypropy]ene productlon m Albef*%ﬁgune .
>'124)» .Also it could be a. combfnatfon of these two 1mpacts The over4 L

"»‘;all ethy]ene productlon is 1ower

o

As in scenario #4. the ethylene derlvatfves “least affected by th%%% -

scenarfo are ]ow den51ty po]yethy]ene and vinyl ch]orfde (ngure'12 )

nythylene g]ycol oand styrene 'capac1ty additions‘ are slfght1y reduced

(ngures 120 and 121) Most affected are h1gh dens1ty po]yethy]ene and

v1ny1 acetate (ngures 119 and 123). Therefore the lmpacts,of 1ower"
~cap1ta] avaflabflfty or- h1gher cost  of "capjta] 'are,’ astexpected; :

Csimilar. S LT N
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FIGURE 117. SCENARIO 5: CUMULATIVE ETHYLENE*FROM.—ETHANE ADDITIONS -
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FIGURE 119, SCEN
12004

KILOTONNES

ARIO 5: CUMULATIVE HIGH DENSITY POLYETHYLENE ADDITIONS
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 FIGURE 120. SCENARIO 5: CUMULATIVE ETHYLENE GLYCOL ADDITIONS
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FIGURE 121, SCENARIO 5:
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- FIGURE 123, SCENARIO 5: CUMULATIVE VINYL ACETATE ADDITIONS
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FIGURE 124. #CENARIO 5: CUMULATIVE POLYPROPYLENE ADDITIONS
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Investments

Due tb fewer plant additions, the ‘petrochemical investments are lower

thén_in'the'base séenario‘(Figure 126).
Conclusions

The increase in the required rate of return results in lower petrochem-
~ ical plant additions. Tﬁe' petrothemicals ‘most affected are methanol,
"high density polyethylene and vinyl acetate. ..

"E. A COMPARISON BETNEEN SCENARIOS #1 AND #6

.Havjhg idenfified the capita]-sensitiQe petrochem1ca1s in the prev1ous
'twd sceharios}'the he*t Step is to- 1dent1fy the price- sens1t1ve petro-
chemiéé]s,‘ The reducfion in ‘petrochemical prices. resU]ts jn lower
pet?bchemica] activity than Cin thé base scenario"and thereby,_]bwer
Alberta ﬁarkétab]é gas«produtt{on (Figure. 127). }; The Jatterfisinoﬁ as B
,draéticéi1y affected as the petfochemica]s since the domﬁnaﬁt naturq]
- gas’ demands from domeﬁtic'fEdeeétﬁal ‘ana‘commércial consumers ana ffbm

e”ergy‘projécts are still being satisfied.

’in spite of the 1§wér marketaB]e ‘gas produ;tioﬁL due. to the Eéduced
petro;hemjca1’acfivﬁty the efhéﬁe surplds jis'_greaterwthan in fhe‘base_'

case (ngﬁre-lZS); The efféétﬁ on propane 'is similar. Because of the
:16Qer.marketabie ga$ production and becausevits uée in thevénehgy indus-

try'is;notzaffected, thevéqndensaté‘éurplus s lowef,(Figuré 129).

- ) 0 )
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‘FIGURE 125. SCENARIO‘S: CUMULATIVE BUTADIENE ADDITTONS

350

300 4
250
200
150~

100

50

FIGURE 126, SCENARIO 5: INVESTMENTS IN PETROCHEMICALS

=T T = T T T
1980 1985 1990 1995 2000 2005 - 2010 2015

T
[o]

1,000
8004
600 -

400

.-'“"”(/:‘

200
1980

R T T
1985 1990 - 1995

T T
2000 2005

1N

I
2010 2015

x 5

SCEN

a1

'SCEN
A
x 5

a.) ,.

!



244

BCF/Y

FIGURE 127, SCENARIO 6: ALBERTA MARKETABLE GAS PRODUCTION
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Methane Based Petrochemicals

5w

The lower ammonia prices make the U.S. M1awest market economitally

inaccessible to Alberta., There is a greater overcapacity problem than

in the base sScenario. ‘ Beyond 1991. the ammon i a Eapacity additions in
A]bértd‘are at lower levels @%an 1n the baée scenario (Figure 130).

In Eastern Canada. in‘order to 1increase the condensate production, the
ammonia. production is initially higher. The add{tional productiqn goes
to the U.S. Midwest. In‘.the second time period the price-effect takes
hold and Eastern ammonia production begins’ to peter ou} and the Eastern
Canadian ammonia market becomes available- tovlow—;ost imports (Figure
13i).v | |

As shown 1n‘Figures 132 and 133. the Alberta~me1hano] prOduct1on 15
seriously affected as even the Eastern Canadian maFAe 
cally accessible‘ Coal becomes the dominant feedstgck (F\gd
reason for tHisv1s the f]uctuat1ng methano] e
explicit coal mining act1v1ty in the modei
marginal use_for natﬁfa] gas. As
demand 1s‘escélat1ng, the mode] can 1ndu1 ﬁ
and ass1gn some natural gas production £Q$’

c1rcumstances. coal, Wh]Ch has no exogeneousgp onCt1on prof11e. becomes

a methanol feedstock. In "scenario #6 thegfﬁuébuat1ng matﬁ;nol demand

methano! productlon; 1t prefers to use C € quant1ty of wh1ch can

be conveniently varied from time period er1od,: To some extent

740
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FIGURE 131 SCENARIO 6: EASTERN CANADIAN AMMONIA PRODUCTION
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~FIGURE 133, SCENARIO .6:" ALBERTA FUEL-RELATED METHANOL PRODUCTION . '|.
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R ,prome is flat and w1th the

it would not be. necessary to 1ndu o

o thﬁs is a model l1m1tat1on ], Howev:r an’ real1ty the coal productlonj

“coal. Therefore lff'theg l1fef1me feedstock;,costs' of a plant are

N

_‘COnsidered the model results are reasonable

OthertPétrooheﬁiCals ‘

| 3

v I R . o et .

. Thewlowerupetrochemical»prlce5~caUSe an ethylene overcapacity -problem in

;1995‘ as‘the 'vinyl -acetate gand iethylene glyeol.plants'operate bélOW'
»,,capac1ty The' ethaneebased. ethylene capac1ty addltrohs are delayedﬂ-

" untll 1997 (Flgure 135) Although the overall ethylene capac1ty addl- u.H

t1ons are lower than 1n, the base scenar1o, there are no ethane propane

capac1ty addltlons and the ethaneabased »add1tlons vane hlgher-than,thev

r‘base scenar1o values in the’ flnal two perlods

' Capac1ty addltlons of all the ethylene denlvatiyes are affected., Bothr
ow- and hlgh dens1ty polyethylenei are . affected (Fﬁgures‘136vandv137)

: as the export markets are -v1rtually eliminated. - .The ethylene glycolr

capaC1ty addltlons are postponed to 2009 and occur at a much lower level

(F1gure,138); Vlnyl chlorlde ycapa01ty addltlons are’ postponed to 2003

~and occur at a lower level (Figure 139). V1"y‘ acetate capacity add‘f“

‘ttons~are:less:than'oneefourthfthe base scenario valuesv(F1gure 140)r

v
e

Styrene capac1ty add1t1ons aré ﬁelayed until’ 2003 : In the flnal two‘i

."3 ,;

per]ods the styrene ' ddlthhS zare hrgher than? in the base scenar1o

g
day

249

: covered coal reserves 1n Alberta'

"n'any preproductlon act1v1t1es forj‘
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FIGURE 137, SCE
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. FIGURE 139, SCENARIO 6: ALBERTA VINYL CHLORIDE ADDITIONS
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R A]bertaaborder prr;e p]::

R

TR

SinCe there are'no ethaneApropane 'ethytenenCapattty additions theapolyé»

‘propylene and butad1ene capac1ty add1t1ons in A]berta are ref1nery based

T(F1gures 142 and 143) therefore they,e are ]ower than _1n,the base

: scenarto A]berta aromat1cs exports -are‘"virtua]ly Zero buthastern :

’ Canad1an exports rema1n at the base scenar1o ]eve]s

- Investments . 0

DUE to llower _capacityv'additﬁons; 'the'Abetrochemicaj rinVestmentS'are'd

- consistently lower (Figure 144).

‘Conclusions

A maJor prtce reduct1on in: petrochem1ca1s resu]ts in reduced petrochem—

253

ical productnon, as only the reg1ona1 markets remaln econom1ca11y acces—»dﬂ,f

sib]e' 'A]I.the»’ethyiene der1vat1ve§ are. prtce:sens1t1ve' 51nce both

'h1gh- and 1ow dens1ty po]yethylene 'plant capac1ty addltlons occur. from
the ftrst txme per1od ‘they: cou]d be 1ess pr1ce sen51t1ve than the other
ethy]ene-dertvat1ves, |

TR A COMPARISON oF SCENARIOS #1 AND #7

| ‘Th1s scenar1o compr1ses 'of jscenarlo #7A where the A]berta 1ndustraal'“‘

[

v‘ prlce 1s equated to the Alberta border pr1ce and’ scenarlo§§§§‘where thef.~v

rep]acement costs of ethane are ‘lower vthan_ in the base scenar1o

‘Scenarlo #7A 1mp]1es thatrnthe domestit

g

trans

\

prjce, forfvnatUra1 gas je the

[ .eftATbertahﬁetnoohemicaT;
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FIGURE 144, SCENARIO 6: INVESTMENTS IN PETROCHEMICALS
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Alberta to Eastern Canada. Scenar io #78 1s‘a1ready beginntng to:occur‘

as in recent months the 'Alberta: government works with the ethane and

'hethytene producers to.make their pr]ces mor e market or1ented

’

- The impact of ’ scenarvo #7A 15 that the A]berta marketable gas product1on

1s lower, as coal .becomes‘ the exc]us1ve feedstock for new methanol

‘ p1ants-' The 1mpact of scenario #ZB 1s.that the marketable gas prbduc-

- tion is marg1na11y hlgher (F1gure 145).

In scenario #7A the ethane-surptus‘ is higher (Figure»146) and the prop4

*ane surplus is lower: this,is .because more propane is used as a feed—

stock for new ethylene p]ants; 2 In scenar1o #7B the ethane surp]us is
“lower as 1t becomes the exclusive ~feedst0ck for ethytene p]ants ~In
both scenar1os the condensate surp]us 1S marg1na11y affected

: R o :

Methane Based Petrochemicals"
“In. scenarto #7A wrth equa] feedstqtk“brices and only thevnaturaj gas
transportatton d1sadvantage the Eastern Canad1an ammonﬁkgprqduéers
- rather than the A]berta producers -have the cheapest economtc access to
the U S. dewest ammonta market. This resu]ts in substantialty 1ower

capac1ty addwttons 1n A]berta The 1ns1ght th@t th]S scenario .gives 1s

that Alberta ammonia producers would  not bf@é'b favor of total prtce,

aderegulatihnhin’natural:gas. As ekpected.?%
ana Eastern Canadian ammonia_production.rématns unaffected.
. = . ,’,?a” . o

[ SN

nE scenar1o #7B the A]berta

_256"
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In scenario #7A, with higher féedstqck costs, the methanol export
markets are severely curtailed: there are no exports for chemical-

related uses and drastically lower export levels for fuel-related use‘;

Capacity'additidnS are lower than in the base scenario and, due to the

higher gas prices, ‘coal is the exclusive. feedstock for new methanol

plants (Figure 147). In scenarib #1B. methanol production is not

” affected.
~“Other Petrochemicals

In scenarfo #TA the‘increasgd'industrial price of natural gas results in
more propane being used as an ethylene feedstock (Figures 148 and 149).
As shown in TABLE ENTC. natural gas requirements for‘pure1y ethane-based
- plants are substantially® higher than fdr ethane-propane based plants.
" In scenario #78.  due to the lerr ethane 'tosts, ethane-becomés the

‘exclusive feedstock for the new ethylene plants in Alberta.

In scenario #7A. the iﬁcreaied ‘natural gas costs cause Tower capacity
additiéns fn Aiberté,fo; high: density polyethylene, vinyl acetate and
. vinyl chiofidé; therefore. the oVeraJ] ethylene requifements afe lower.
However, due to fncreased propane wusage. the Albefta_po]ybfopy]ene pro-

~duction is higher than in the base scenario,

In scenario #7B, - the lower ethylene costs cause increased capacity

adqifions‘in the above-mentioned marginal'petfochemicals (high density

~polyethylene, vinyl acetate and viny] ch]oride)ﬁ- Therefore, the overall

258
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FIGURE 147, SCENARIO 7: CUMULATIVE ETHYLENE-FROM-ETHANE ADDITIONS

5,000 —
| ' | —t
4,000 3 , /:' .
> 3,000
Z
(@]
'_
o
= 2,000 A
‘¥
SCEN
1,000 _ A1
,/ ‘ e — | ]
' *\ B Z_B___
0 T a “} :

=T 7 T T
1980 1985 1990 1995 2000 2005 - 2010 2015

 FIGURE 148. SCENARIO 7: CUMULATIVE ETHYLENE-FROM-ETH/PRP ADDITIONS
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FIGURE 149. SCENARIO 7: CUMULATIVE METHANOL-FROM-COAL ADDITIb%
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'producaépn-in Alberta is lower than in thevbase‘scenarwo.

Kl

. “

3

e

8

4 .

Yoo

g o
ethylene produ%{{pn 1s higher #an in the base case. Because propane 1s

not used as an ethylene feedsfock, the polypropylene and butadiene

’

Investments. , & n

In scenario #7A, due to Jlower plant capacity additions the Alberta
petrochemical investments are lower: in scenario #78. due to more
ethylene and ethylene-derivatives plant capacity additions. the petré—
chemical investments are higher.

A

g
Conclusions
AR

The increased natural gas industrial price severely affects the methane-

pased indusiry in A]berta,?and causes more propane. to be used as an

, 3 g =
ethylene feedstock. with lower ethylene derivatives but higher propylene
K] : % ; .. ’ .

- v'faqd bitylene derivatives production.

s\ &
" 4

+.In scenario #7B, the reduction in the replacement costs for ethane

"ﬂ'obvious1y‘does not affect the methane-based industry. Ethylene 15 now

'ﬁroduceq .only from ethane rather than from mixed ethane-propane

7 fégdStocksE

G. A COMPARISON OF SCENARIOS #1 AND #é

In the previous scenario comparisons, the Alberta and Eastern‘Canada
competition has been mainly in the production of ammonia. As shown in

the previous chapter, Eastern Caﬁada is not competitive with Alberta 1in

261
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h‘sat1sf1edb As var1atlons in *071 pr1ces have not been 1nvest1gated, in

natural gas based methano] and the oi]—based‘.ethylene' dndustrjﬂin"~

Eastern Canada is  not 'competitiVe with the vethahe—based tnduStry-inb_;

\ f

Alberta 7The= on]y product1on ‘that Eastern Canada has been ab]e tofhl:f

”t

eta1n¢ thh ho s1gn1f1cant competition from ‘Albertaw is 1n the 011-'“

based petrochem1cals J1ke styrene and: aromatlcs SinCe?Petrosar'de\notjf

operate th reg1ona1 market for butad1ene and propy]ene was not

t

r
@
W

these stenar;os the 1mpact of ‘the 'scenar1os on the 1atter 011 based'

-

'petrochemicals i'h'E;astern'Canadahas been%margma] vAn issue that is

worth 1nvest1gat1on 1s a comparison between the compet1t1veness of an

-

? ethane— and NGL based 1ndustry 1n Eastern Canada and in Alberta

a

'w‘

»
P

]

iEthane—based'ethy1ene production' in Eastern’ Canada< wou]d»require‘the

"r—addition'of‘newtcapacity' The Jast t1me new ethy1ene capac1ty was added

i' Eastern Canada was over seven years ago, when Petrosar came onstream

‘o

. o y

products from an ethane based p]ant Furthermore AIberta was a]ready

con51der1;g the ‘construot1on of two ethane-based plants and by the

regu]at1on of ethane supp]y and prlces cooiz, 1f ]t 504wanted t11t theﬂ
c : |

. Qompet1t1ve edge 1n favor of the p4ants‘lo afed.in A]berta

[§ B o 0
» T s N

?

) .
. AP

/ S I B D . o S ,?

As it turned out {he ethane pr1c?ng formu]a worked out in Alberta was -

»

ar reJected ethane as” a feed\tock because of “the lack of co—b

based on the A]berta border pr1ce of 'natural gas and if, Petrosar had '_fj,-

'. used an ethane feedstock, 1t wou]d héwe had on]y a feedstock transporta-li

t1on cost d1sadvantage W1th the 11ke11hood of a market orlented ethane

I

prtce w1th1n Alberta,,)f the L ex- A]berta ethane price rema1ns irked to
» - i

the ALbertavdborder pr1ce forlwnatural _gas.. thenk a new ethane-based“f
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(.

e

ethz]ene plant in Eastern Canada would have a further feedstock prfce :
“d1sadvané%ge | On the other hand,s 1f the. mew Eastern Canad1an ethylene
'ptant,1srgiven“thez same}~ethanea pr1ce-‘dea1 eas in Alberta »then.the |
h»gagterhfcéSAQiga ammonia'prbduéersﬂgwiTT"Qant a s1m1Tar dea] for thelr ey
_'feedst6cksf':‘1t appears that"the market orfented ethane prlce 1s

' pfntended not onTy to 1mprove A]berta ethy]ene exports but a]so to
'f‘dlscourage‘the 'construct1qn ,of.'a new ethaﬂe baseﬂﬁ”;af}nt 1n Eastern ‘
>C.'a-na‘da.,.w j . - ' o 7. . B *(’ yg&«» ":L."_- ";»' Ti,‘b |
jThe other p0551b111ty 1s that® Petrosar coqu retrofht to accept e1ther o

an ethane or ai:natural, gas TLqu1ds feedstock :The.ethane retroflt
ith]on»1s.tqo expensihe,: :';b,; retrofft that Petrosar proposes woqu L';..,.

J:rhconvert'the Operation frdm a petrochemfcaT reffnery that depends mafnTy

on 011 as a- raw mater1a1 to a. pTant that woqu use cheaper natura] gas -

¥ # Vg
oil woqu st1]1 beaneeded becaUSe ‘a Targe part of Retrosar S productlon

ﬁ~.’11qu%§§;fﬂg up to Bﬁqgﬁg. cent of 1ts Jeedstock needs ﬂfeedsuocks from N ;)

. @ . . N
cannot be made from aS" 85). The conf1 Tons proposed b _Petrosar
0 - pr RS
;o e : : .
~al hown in Tab]e 38. . In scenario A8, the operation of Petrosar wag
. . '...V E _..;' : ) w
per 1tted in any, of the three modes shown_in this tdble.” "~

ﬁ-.ﬁ o \ T

The ATberta marketable\ gas- product1pn is margjnaTTy- TOWer,"withfn.G',k

BCF/Y; furthermore sT1ght1y more propa s used. fé} ethyTehe'feedstock~‘
‘ TR 4 N ‘
than in the Base scenaf1o Therefore, the ethane surplds is s]1ght1ym3_

hxgher and the propane surp]us ,ﬁs s]1ght1y 10wer thap 1n the base .

.._ozso 3

*SCenahlo The reason for”th1s A g1ven Tater The, _taﬂé%%@dzcond?nr
3 : TYRER RN . ',=4 ,',. 5 : " Ty }
‘;sate surpluses are margfnaTTy lower. » e

Y
L Ed
R
L

¥
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CTtem ?i

5 féedstoqks‘

Pintahsbindaf
eI

. Crude & Condensate -
~Propane- IR

*1'Butané ;

.Products_~

Ethylene:

. Propylene

Butadieﬁe
‘Butylenes

~ Benzene

" Other Argmatics

¥

 Fuel 0i1

v ‘Table 38:

. Proposed Petrosar Configurations
Units Base. Propane;Oi]“ Butane-0i1l

:(KT/Y)V’ 431
(KT/Y) 328

. KTy 94
- (KT/Y),'; -1

KT/Y) . 111

A
C(KTY) T
(MBD). -~ 7

bebdsevaetrbsar COnfigura{ions"

]

MBD): 61

- e s

33
e

431
252
T3
43

68

15

20

33

308
77
60
80
e
ot 3

RS
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.Methane‘Based'PetrochemfcatS“v'

vTheTproductfon' of: ammonia  and methanol is unchanged

‘scenario.

rom the base

’Other Petrochemica]s

s

In order'to determfne< thef~preferred 'feedstock-.mOde of operationfjthe'

Petrosar p]ant\Mas forced 1nto margfnal operat1on in both scenarfos #1

"; .ant’ #8 by specxfy1ng 48 1ower bound 1n the bounds"sect1on of the lfnearq»

' ;(wag the propane oil’

Y

of Petrosar.wae used
Loang buty]eneé
“3 :

“diene. respectfve

]

\

] iQo
program.' Int'

Cin the manufacture of styrene whfle the propy]ene
‘scenario #8, the preferred mode of operation

o ; : S
than-in the_.ba§ewmode ‘and the  greater use of propane as an Albemta

ethyTene”feedstock was :to make ﬂ p . the po]ypropylene shortfal] that

,resufted. as shown in TabTe 39. C]early, the 1ncreased propane usage is

‘tl.;

forced into marglna1 operat1on. SR o o

& mode] 11m1tat1on which- would not have occurred ;1f Petrosar wge net

The reaéon that Hropane %?1' ,iéu the preferred feedstock mode may be

- seen- in. Table 40. 1In th1s tab]e the produ’pmces are based’ on current

v‘va]ues.. It is qu1tq:7}ear from th1s,,tab1e that none of the feedstock(

“? ase scenar1m the ethy]ene produced in the base mode "

in - the manufacture of po]ypropylene and buta~

n this mode }ﬁeos pn%?ytene was produced.

268

:Jmodes isfeConomica]]x viable. Assumfng that the_crude 6il prices do not. *
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1991

2003
t I
2008

2015

1985

1997

Alberta Production

S e = = =

59.8 ~  87.1

1198 18407

217.0 278.8

- .
.
v, R .
R Ay -

) e Y

8

(KT/Y)

27.3 0 602
4.7 60.2

{ﬁﬂ;;el\v,?z.z,

4.6 70.0

J%"'.
o
PolypropyTene-Product ¥on

.¢§2.9»‘
453
6p.5_;
65.4 .

66.9
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Eastern Production (KT/Y).

' Scenario #1 Scenario #8 . A Scenario #1 Scenario #8 A .

27.3
14,9 -

117,

0.0

%)

s 0.0



v % P@duct Revenues L

v"Ethyléne

N
A

- e e o - -

Crude 0i1 ,'_3§§82
Propane L 9.32

Butane ' 28.20
' ‘G;'? 3 =3

o

_._.._-__..-—..«..__

Propylene
Butadiene’

Isobutyiené '2§.0’

 Benzene.  1.47

Other Arom. - 1.00

Fuel 0%1-  28.56

(Costs - Revenues)

3 -1

Table 40:.

- ——

£/ #

$/bb1

X

Costs ahdskqvénueSj

‘Units -

$/bb1

Base

of Petrosar Féedstoci Modes

. 193

.

452

(MM$/Y)

‘ Propane i

70

&Butane oIl

. Proposed Petrosar Conflgurat1on

212
126
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vVom

‘;export quotas wh1ch wou]d certa1n1y result in 1ower but@ne and propqpe

compet itive than Petrasar.

. .
’ 'ﬁm

' changea the on]y Way$ to make' Petrosar v1ab1e are that the propahe or._%

-\'» )

. butane costs are lowered or 1f the petrochem1ca1'pr1ces r1se S1nce the‘

) ;,,g.'

’~opportun1ty va]ues of propane and butane are 11nked to the crude’ 011*1,

pr1ces, the Petrosar recommendatIOnsxo the: federa1 governq‘pt to 1mpose

v . w.‘
prices. is not g parti ]ar]y good 1dea Increased petr@chem1ca1 DF1

would not hide the fact that the Alberta ethane based p1ants are more ;F"

-~

Do ) .. . :‘\.u ‘P’b '
Conclusions %

% <
&

* &) .

'In‘no'feed§tock mode is Petrosar;1C0mpetithé'withfthe'Aiberta ethy[ehé

plants. .~ e S @ i

. "' L. . . 8 ,i‘
e : o ‘ ' ﬂiii.:
e : ) . : S . . .

po
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Th1s br1ef chapter reorganlzes the~4gpacts of the scenar1os 1nvest1gated
G

ot

in ;he prev1ous chapter

4 !

i

natura]

Rhere‘are sufflcnent gas ‘reserves -to sustain the natura]

gas export levels prOJected 1n the base scenar1o and 1t 1s not necessary

to 'reserve'-the nat0r3] gas @for,_;h produttlon dfMammonﬁa ﬁhd other“L a Y g -

petrochem1ca1s However,,1f the natura) gas reserves are not as h]gh as

3 \

currently perce1yed then K]berta ammon1a product1on s unaffected but'
Eastern Canadian ammon1a product1on begwns to peter out as res1dent1¥1‘
-~ and commerc1a] consumers can outbid the Eastern ammonia producers for .

s

. the natural gas. .

§ V N ~
v~\ ‘ ¥ 1 _
Restricted cap1ta1 ava1iab1'wty has no 1mpact on A]berta ammonra produc— s
. o \ L) @ S
tion; Eastern Canadian - ammonia product1on is .lfwer than 1n<ihe base
: \ S =N

scenario. due to the lower natural™ gas production, confirming that.
R o~ T ! '
Eastern. ammonia production is a marginal use for natural gas.

4
/ ¢ . o * L e .
' Increasedfrequired rates of return does not have any significant impact

. 'y A , P
on Canadian ammonia production.

3
. it

Lower ammonia prices make the U.S#‘Midwest market economically inacces-

A

sible to Canadian producers.. The A]berta prdeCers.cpntinuectp satisz.
regional demand but the EasternA Canaeian ammonia.prodﬁction peters,ont o
. . o , /
. 269
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)

and the Eastern market remains -ecOnomically /Gnaccessib]e”to Alberta

- ammonia producers. .

Increased feedstock costs in Alberta also result in the loss of the U.S. i!k ‘

n M1dwest market since the feedstdck costs . of Eastern Canadian ammonia '
e + ' . ‘ ) . . R . : '
4Eﬂ”P§det¢r5 have not increased. -they are gble to replace the Alberta

w

prédd&ers in the U.S. Midwest market " The insight ’ga1ned is that
ymgﬁggrta ammonla producers would not be in favor of a deregulated natura]

Ce " gas pr?@e R | | : S . o ;ﬁggtﬁ
' - “m',s. : ' A ' L
' qgh{églternate Petrosar feedstock conf1gurat10ns do not affect the

gah§d1an ammonia product1on

h*g‘s
*Q&'{ Iherefore. ATberta ammonia producers face‘a fairiy robust future. where-
§ "r: , ‘

bR

) as Eastern Canad1an roducgrs face an uncertaln future.
’*g“ﬁé‘i p &r .

sg; Bl

Méthano]

R K
.,,::\:& ________

t',

E ‘.x,, - “’\v : ) N
The scendrio analyses show that methanol productlon represents a low-

~value USe'of:naturalﬁgas; if - we restr1ct other uses, the low- va]ue user
' L2

-

‘share ﬁpcreases. For eiamp]e, if natura] gas exports hre restricted,
there is an incgease in methano1 exports.  However, if there is a shor-
‘tageldt uaturaj‘sas, theu. methanql}'is among tpe first,petrdehemiga]s
whose produttion'for export will be’ dfseontinued and whose domestic .

,pd?duction'will become coal based.

3] :



" In new methanol capacity additions, natural gas -and coal feedstocks can

co—exist._natUra] gas ‘will satisfy the 'base' demand, while coal handles

»

'any demand 'peaks’'. very much akih_ to the various electricity sources.

& "

This is because natural gas reserves have to be discovered and produced

-

"in a bell-shaped production profile whereas there are sufficient coal

‘o

reserves 1n Alberta and the coal production gwofile is flat.

o

-

" Due to the low methanol transportation costs, Eastern Canadian methano]

';nproduqtion is ﬁot competitive with Alberta production.

»

Restricted capital availability results in lower natural gas production
' . o ’ . N

ahq the new “methanol _capacity additions are é1most exc]hsively,coal<ﬁf

based, re§u]tjng in lower methanol: production.than if more first-level

s .

gab1§§b?1§"avaiidb]ef

b

3
AAS

An increase in. the required rateof-réturn has a . severe impact on

methanol production as even-the Eastern Canadian methanol market is not

economfcally accessible. lower metﬁgno] pricés have a similar effect,

thus confirming that methanol production is a low value use of natural

. N N ‘1 E
gasl Higher natural éastOSts in Alberta cause a severe curtailment of

methanol exports. resulting in Jower‘ capgcity additions which are coa]?&

L] ) '
based,

The alternate Petrosar feedstock configurations do not affect the

.Alberta methanol production. : | W
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coal will become an 1mpdrtant feedstock for methanol.

‘ O
Most scenarios adversely affect methanol. Currengly, -with over six

times the capacity required foﬁ?vdomestic consumption, methanol has

"become an export petrochemical. In the relatively unstable export

market, the future of methanol is not assured. It will require aggres-

sive marketing. eépecially for fue]Qrelated uses. and in the long term,

3; Other Petrochemicals

i

-~

. Natural gas'e?%orts. restricted to 700 BCF/Y, have no major impact on

“industry. Extrapolating g%j; tregg.
S S g ¥

supply, tﬁg;; is ‘more propane used ‘by the ethylene industry, Which
= » ' . 4 . . -

.the ethylene, propylene and- bufy]éne based 1industry. 'The}e is suffi-

cient ethane and propane. producec. élthough in the last two time period?

y the Alberta ethylene

the lack of ethane causes greater bropa

dinatural,gaQ:exgorts*are
&
reduced to zero, the ethane and propane supply may not be suff1c1ent to

L3

I gt g > Ag‘_," L

.’“ g

sustain the grbwth in the ethyiene industry. Therefore the concept of

'‘reserving’ natural gas for petrochemicals may actually be detrlmentaﬂF

‘to the health of the pe{rochemical %ndustry.

- Y

Lower a+ as reserves adversel affect the\\Alberta“ ethylene
‘ Ratur 9 N y ~20

industry. As in the previous scenario, due to {nsuff?ﬁiant,ephane

results in higher po]ypropylené and bufadiene production. However, 1in

. » _ : }
the long term. since there is no ethane and, nat#®al gas liquids produc-

-
.

tion associated witn coal gésifiéation. all thes%vindustries decline.

- ‘." . ’
The ethylene-derivatives least affected by® this scenario are low- and

high-density poliyethyléne and vinyl chloride: the onés most affected are

vinyl acetate and ethylene .glycol.
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Restricted first-level capital availability resulté in a lower growth of
the ethylene-based industry, especially high density polyéthylene and
vinyl acetate. This implies that the capital requirements ofthéisyergy
industry take precedence over the reguirements of the éth&iéﬁ%f;ased,
industry. 1In this scenario the model préfers to add ethane-basedfcépa—
city. since its capital requirements are lower than ethane—pnopahe.égga—

city additions. Therefore, the polypropylene and butadiene produétion

15 lower.

o
Increased redulred rates of return cause lower growth in the Alberta
ethylene industry. especially in high density po1yethy1ene and v1nyl
acetate. As in the F&revious scenario, compared to the base scéngr1o. -
more pure ethane éfant .additions ‘gnd less ethane—propane addffions
occur; Therefore, fhe polypropylene and butadiene’ production is lower. )
Lower petrochemical priﬁés affect the production of vinyl acetate and.
.ethylenﬁ glycol, causing delays in andﬁi]ower ethylene capacity addi-

i tions. The propylene and butylene derivatives industry is virtually
non-existent., as no ethané—propane capacélj additﬁons occur. "

i . )

A &ecrease in, the ethane costs makes it~ the exc]usive f'eedstock for ' L

Alberta ethylene plants. The propy]ene and butylene derivatives 1ndus— ‘“1'11 

o

try is non- ex1stent because no ethane- propane exhylenqﬁfapgéﬁtyhadd1—."i&

Y Y v &

tions Qecur The overall‘ethyLene production is h1gH3ﬁi ,',

o . o
increases ”1n p;gb dens1ty po]yethylene.v vinyl aci%ats ant
KASN

| chlorlde An: 1ncrease 1n Alberta natural gas costs Pesurts in higher
e . .

.

i

ethane-propane ethylene capacity , additions which use 1ESS natura# gas iy,u‘



¢ g

g ~F _
' chém1ca1 prices ressht in greatly reduced investments. The only

-

vinyl chloride. The propyleﬁe and butylene dervvat1ves pro .7i5, 

‘

than ethane-based plants. The overall ethylene“pcoductioh 153]Ower”:

with lower production of high density polyetﬁylene v1ny1 aceﬂ..i!and‘

higher. than in the base scenario. C Y

oy

| ' )

Finally. the alternate feédstock modes for Petrosar have ngg?r
mpact oq'the ethylene, propylene and butylene industries.

/

/

In a})f the above scenacjos there is no ecdﬁomically viable production of

ethylene in Eastern Canada. The Alberta ethylene industry is fairly

robust.
o
P ") .’

4
vy .

o+

4. Aromatics

G,
The'aromatics production is oilsbased. -Theréfore. 1t 1s not seriousty
| v -
affected by the scenarios investigated here,  except for .scenario #6

(lower petrochemical prices) in which there is ajlogs of export markets.

4 : ;
. , ' . /

5. Petrochemical Investments >

e e i —— -

_ ’ ) b
4Restricted na&ura] gas éxports have no major impact on petrochemical

%
investments. ° Lower natural’ gas reserves resu]t in greatly reduced

,f,reqUﬁred rates~of,‘r&'

~

investments . Restricted first-]evel .cap1tal availability and higher

« o A r -

e

Increased natural~g§s costs resu]t in ]ower 1nvestments Reduced petro-

L b a,
T RS L et

L »:
gnificant

qgchq regu]t 1n genera]Jy Tower 1nve§tments
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!

scenario in which the in:féfments are ‘marginally increased is when
&

gthane costs are reduced. T

Ty

Petrosar scenario has a minimal impact on

industry. It s clear that whereas the petrochemical industry is # .

important to Alberta, it is not as important as the energy industry.

k.
¢ A

R

T



fThe‘Canadian petrochemfca1 1ndustry is a capftai 1ntensive. energy-

1ntens1ve industry wh1ch needs a re]at1ve]y soph1$t1cated wo?kforce, and

a compet itive construct.ion 1ndustry andh a fa1r1y.1ndustr1a]12ed market“

"”(-51'125 133')» In the. 1940 s and 1950"s, in spite of be ing at the lead-

1ng edge of techno]ogy, Canada was not ab]e to match the high petrochem—.
1cat growth rates that eccd}red;1n coqntr1es,t1ke the United StateS-and o
West Germany? The}e Were'three ’reasons; ‘ First. the lack of an fndUs;)

triat infrastFJEture. especially in’ Nestern Canada, and therhafsh\

cfimate‘tmposed a htgh capita1 penalty Second, the distance betveen
the feedstock sources and the petrochem1ca1 markets nlds the lack df‘an';’
aderate transportat1on system 1mposed :a transportatfon'eenafty‘ 4The

cap1ta1 and transportat1on penaTt1es resulted in 11m1ted access to wor 1d

petrocheﬁ1ca] markets. and low .returns in the domest1c market. Third.

there was a loose segregation of the ~petroleum and petrochemical
- -sectors. The reason for this segregation was the differences between

- the two sectors. Petroleum refining was a high-volume, mature-tech-

nology sector with prpducts‘ 1fke'tran§portation and spaeé—heatjng fuets'
which were readily uSaB]e by ‘Canadian consnmers and Qere essentia)ato
their.Wellebeingf Petrochem1ca] manufaetUring was a relatively low-
volume, emerging-technology sector with 'products‘ thatvneeded further
processjhg and which were tntended to replace existing‘proddcts like

steel and paper. The two sectors had different feedstock procdfenwnt‘

and product marketlng strategies- - A ‘petroleum ‘company would find it

Tdifficult to adJust to a petrochemicaT ‘marketing strategy and vice

/qf\

versa. Therefore, in the United States, companles e1théﬁ spec1a]1zed in

petrochenica]s or in petroleum refining.- Due to its harsh“clfmate. Tow



NV ' e . . S S

population, the travel distances - involved .and’ an ex15t1ng market “for .

transportatidn fuels, 1h'fc£nada the petrdﬂeum 1ndustry was g1ve;
L . “ o o ‘ . .

-priority. . This was reflected 1n,'§overnme1t pollcy,vwhen the Natidnata,v
, _

011 5olﬁcy was enacted 1in the early L96¢ s, whereas the petrochem1ca] -

] . )
sector was treated to a series of rev;ehs by ad hoc commlttees and tas

- forces.

hIn Canada, ;petro]eum,comnan1ee- 11ke Esso and Gu]f p]ayed an 1mportant
\ ro]e in the deve]opment of . the petrochemtca] 1ndustry In fact, .as-
'expla1ned in Chapter II, dur1ng the 1960 srthe petroleum compantes tr1ed
to emulate in Canada the pattern of success of the European and Japanese
F‘naphtha based plants. Howevér, %1th no .feedstock advantage and~h1gh
] coste."the-Eastern naphtha—pased plants had' no . advantage over s1m1]ar
nlants elsewhere in the wqfld. “except “for their prox1m1ty to the U S

'manket. The export lmafket ensuredv the v§urv1vat of these p]ants but:

during the 1960'S~the performanee of the Canadtan'petnochemicat industry

~ was marginal.-

-During the 1970Js/the. condttions that had retarded the development of
the Canadian petrochemical 1ndu§tryl changed. “ The 1ncrea$ed domest1c
market size Jnade the congtruction of Vwor]d-scale, plant; feas1bTe.
"'Fdrthermofeiﬁthe petrochemical techno]og& had matured and the wordd-
scale plaqt sizes had stabi]izedt lw1th/ the 1973 world o0il price shock

the Canadian feedstock advantage was finally able to offset the capital
~and trahsportation'benalties._ Provincial governments took_a more. active
role in promoting petrochemica] .growth and consciously attempted to

¢ i

#
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“improve ‘the industrial infrastructure. Finally, the traditional petro-
o : o : S L T
.+ cthemical companies and new domestic petrochemical companies began to

B ple an increasing]y' important .role in ‘the -Canadian petrochemiéél_
A 4 - , | : . 5

1 .

” DUri»gthé 1970*s government. enérgy bbligy played a tole in the develop-
e ment\af:thé\tanéﬁian‘;petrochemical indugtry.y ‘Tﬁis happened in three
V\§,f‘ | ways.y First, Pesfs-deve]bped 1n‘.thé' 1960'g‘to engure that oil and gas
| "i exportis - wéfé' gurplus;‘fd“curfent and future domestic redujrementg

?f ff??su}tég,1h’}hé phasing ‘oginéf O;T” eipofts and the'impgsitiqn df/an
J‘“f/' 3,‘5rt1f}£1a1 11h1f'bh né£Qtai.4ga§ _exports, Qausing a problem of shut-in
on,gq§ gés."ﬁ51nke no"sukh “surb]uéltestf wgs imbqsed on‘pet;ochemica]
'Aeiports!'investments were tﬁannéled.frqpa the 1011 ahd gas sector to the
;'pepro;gemjca1 éector.;‘ Second. the maintenance of* low. reguiated
-domésti;ioil ﬁficés gave Eééte}n pétrochémicé] éroducérs a short term

- :4ééds£ockfﬁost ‘alivantage over foreign‘ producéksi within Alberta, a

’ A ‘ . .
of natural -gas  prevailed, where ex-Alberta gas

ma?kef—fespbnsi?e price

, had é hiéher,'regulated price. ‘Thé feedstock advantage‘résulted in the
rapid developméntfof th§ Jwesfe;nA ;aﬁédian ammonfa'and methanol éector.
Ihird. the fedena]—provincial dispute over the sharing of the eéénomic-
rent‘generated in the oi} and’ ga; sector resulted in such low nétbackg

" that it gtif]ed the sector. AIn 1980‘tHeAfedera1 gqvernmeét ena;ted the
nationalistic National Enef@y Prdgrém (63), -wﬁ{ch wa's 'baéed'on the |

§ﬁféc¢pt:th;l governmeh£ po]icy 'coulé bettér allocate fesqurces than
ma;ket forces. it-channe]édrinvegtmenf7 away from'Western<Canada tovfhg
unbfoducti@e, but fedgré]iy owned, 'frontier' off4sh§relregions. ~This
fédefé] energy po\iqy is now undér review.'- The 1ndu§try.hés asked for

deregulated oil and gas prices, a lower government share of the economic



o

rent ‘and modif}cations to the 'surp]us_test{,,for:Oil and éas. If these,

changes are made, -they will. affect the petrochemical industry. The

impacts of some of thesé proposed poljcy chahges have been-inVestigated}

in some of the scenarios.

The issues that confront the Canadian petrochemical industry.are not the

issues of yesteryear. In ‘the} 1950's and 1960's., 1t was a small,

immature indusfry dominated by the o1l and gas 1n§u$tﬁy. In the 1970“5»;

it_wés‘the‘benefﬁciary of the oil price shocks and govérnment energy
_"po1icy.vWIn Ehé early 1980}5. it suffered,bécauééﬂthe government energy
po]%cy did not recogni;e that energyﬂand petrochemicé]s were two diffen<
ent sectors. The issues of the futuré relate to feedstock availability,

capital availability, product prices and domestic gompetftion.

The feedstocks to the Canadian petroéhemica] indUstry may be oil-based.
. L i ) ’ .
" natural gas-based or coal-based. Table 41 shows the statit life indices

of the three energy forms. - The static 1ife 1ndex'is_qa1cu1ated by

dividing the reserves by the 1983 production. The oil static life index

is low and it is clear that ~any . feedstock advantage bestowed on 0il-

based petrochemical prbdﬁgers by artificially. 1ow,.regu1ated price is a

short-term benefit. Thaiftﬁfuhy the impact of manjpulating domestic oil

prices was not investigated dur'ing the scenario ’ané1ysis. The coal

staiic life index is very high and it 1is clear that in the very long
term coal or its products' will become the principal petrochemical feed-

stocks in Canada. However, over the next’30-40 years, natural gas and

B
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Conventional
01l MMB

Naturil Gas - TCF

) Y ‘
Coal MMT

CSL,
CSL,

. ,

(1) . (2)

1983 Remaining .
Production Reserves
Yy ™)

493.7" 14600

2.21 92.26
4479 . 22730
(2) 1 (1)
(3).1 (1)

1]

Table 41:

Canadian'Energy.Static Life Indices (SLI)

S
.(3)
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_ipS'associated liquids wi]l be the brincipa] feedstocks. That i; why

the scenario analyses have focussed on these feedstocks.
o

~

About 857 of the total conventional {nexpensive gas reserves of- Canada

are located in the prdvince of Alberta. The pfovibcia] goVernment owns

essentially al) of the mineral rights "in Alberta and can therefore be
“said to be the owner of the gas. The féde}a1:government‘has jurisdic-
tion over 1nterpﬁoVintial and export ,tradé in matural gas. ‘Any indus-

trial user seeking to legate in Alberta and seeking a long term supply

of gas. such as a petrochemical manufacturer, must first obtain a permit

from.the Energy ‘Resources Conservat ion Board, a provincial requlatory
body. and subsequent approval by the p}oVin;fal éabiﬁeta
Presumably, the provincial.goverrment, in deciding on the merits of a

'particular natural gas proposal: seeks to:

1. Realize a significant ecbhomic‘reat.' in the form of royalties, from .

th& natural gas produced;:’and

i

2. ,Promote‘econéhic act%Vities in Albefta\aﬁd‘in\the rest of Canada.

14

An energy or petrochemical project may be assessed in terms of the eco-

. nomic rent and econémic activity that it will generate. The main types
~of uses for Alberta’s natural gas are:

1. Provincial residential, commercial and industrial fuel use;

i \

2. Provincial use 1in the energy industry and the petrochemical

industry;
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3.5 Domesfic use in the rest of Canada;
4. Export to the United States; _ ,
b Eprrt to Japan. and

b

6. Deferral to a later time.

_The deferral 6pt10n generates ho econom1C‘activity énd.‘due to the large
natural gas reserves relative to production,- at any reasonable discount
‘rate and price projection; the present va]ﬂ% of this economic rent is

Tow. . It is the least desirable option. //

The most desirable opiion is for provincial residential andxcommercial
use, since natural gag is a clean-burning, easy-to-handle fuel. C0n51~

.dering their pfox1m1ty tbl the natural gas fie]dg.ithe provincial con-
sumers should be able to outbid other users of the gas and genefate‘the
max imum ‘economic rent; Howevef. with low, regu]ated domestic prices and

 the currently high export prices.,'exports’to the Unitéd States géhéfé@e

“the maximum é@ondmic rent. Petrochemical plants generate.somewhat‘1OWer
economic rents but higher economic activity. -

In terms of the scenario  ana1yses. the restricted.qatqra1 gas exports
(sqehario #2) represent the-deferral option. “As shown in the analysis
of this scenério no sector gains ‘from this ;ption: If, hoWéyer,-the :
na€;:;T\§E§\£e§erves are not as great-as currently perceived, the market
imposes "its own deféfréi scheme (scenario #3).  The key element in this
soheme-js clairvoyance with respect to reserves aﬁd -demands. The
digcovefy and delineation of natural.gas reserQes and the constant moni-

toring of natural .gas demand. aid in the .pFOCeSS of clairvoyance and



\' Tae
should be encouraged as-a matter of.government policy. Note however the

Amer ican experience with the 1978 Natural Gas Policy Act, which means

that even now consumers are paying for expensive. deep gas.

N .
»

Conventional oil plays a significant role in-the scenario buildup inso- '

much as 1ts'prodbction is declining whereas the demand for its products

s relatively steady. 1In the ea}ly 1990's, in order to meetg}he short-
: . [N g'«jl’{?

fall in thi1s demand, 1large nvestments in o1l &Jﬁ&&{ : will be

G e
e

needed. The modelling results show that if capital aVé?]ability is ..

4

restricted. the energy uses take priority over the petrochemical uses.

The rejuvenated and mdﬂérnized Canadian petrochemical industry‘requires
government policy especially tailoredvfo} it. One policy issue relates
- to the setting up: o% a North American free market in petrochemicals.
The mode result; show that‘ tariffs are significant butihot‘1n5urmount—
“able barriefs to the efficient allocation of petrochemicaTs. If. as
ant1c1pated; the U.S. pe rochemical ‘1ndUSt?y» remains . 1 a state of
dec]iner tariff-barriers will 1m§édé the ?eve]opment of sextors which
need the fimal petrochemicél products. If petfothemical‘imborts into

A the United States are inevitable. then Canada can gain a competitive

edge over other countries by the setting wup of a North American free

L ' - . '
market. “As long as there are no Q?JOF capacity ‘surpluses, such a market

~would .be especially hgneficaal to Eastern Canada because ethane-based,

since there ié no single cheap feedstock that can satisfy the demands of

the North American ethy]ené\ihdustry.
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"The disadvantage.of a North American free market is that the competition
for the feedstocks will 1ntgnsify. The Eastern Canadian ethyléne pro-
ducers are planning to convert to natural gas liquids feggstocks.
Natural gas liquids ~are seasonal transportation fuels. The Eastern
Canadian producers would like to see export gestrictions on natural gas
1iquids, thch will cause a domestic oversupply and bring down their
free—makket prices to a level that the Eastern Canadian producers can
afford to use them. This s a -situation that the natural gaé 11quids
producers would naturally resist. since it 1s a ]ower-vélued use for

their product.

In order to devéﬁop a coherent petrochemical policy, it 1s important for
federal and provincial governments to identify the Jocation and size of
potential markets. The studies that bhave been done to date lack any
_price elasticity of dehand (24. 130) for petrochemicals. This ought to
be the immediate target for governments to pursue and 1s recommended for

future research.

.The mode]lling exercise shows that under the most Tikely future
scenarios. export ~and domestic petrochemical demands will be met
primarily by Albefta’producers. Except for methanol. where there 1is

serious over-capacity. Alberta producers should perform well. If export

markets are established; the Alberta industry has a buoyant future. In

Eastern Canada. the ammonia industry should keep pace with regional

demand and the aromatics industry will depend upon refinery operations:

howeVer the ethylene-based industry ~is in trouble. The modelling

exercise shows that investment should be in viable, growing industries.

Whereas capital is free to move from East to West, the problem faced by
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Alberta 15 labour movement. A re)di1ve]y sophisticated workforce 15’

required to support Alberta's energy and petrochemical developmen{'

plans. In order to move from the relatively more industrialized East to
Alberta, skilled workers need assurance with respect to their long term
employment. Government petrochemical policy should recognize this prob-

lem but should work in the direction that market forces dictate.

The model assumes that petrochemical producers cannot compete for
natural gas with residential and commercial wusers. If in future there
is a shortage of natural gas in the United States, the petrochemical
industry wil) be affected: therefore. it will be a logical market for
Alberta petrochemicals. The tariff barrier between the United States
and Canada w11l no longer be“ needed. Making this chdnge should be a

government policy pr1ority.

28



10.

11.

12,

13.

14.

15.

16.

P

BIBL JOGRAPHY

Adams. F.G.. Graffin, J.M., "An bEconomic-Linear Programming Model
of the U.S. Petroleum Refining Industry”, J. Am. Stat. Assoc., &7,
542-551, 1972. ‘

Algas-Kiiborn. "“Coal Liquefaction Plant Feasibility Study Report™.
Unpublished Report. Kilborn Alberta Limited, March 1981].

Alsands. “"Alsands Project Group for Approval of an 011 Sands
Surface Mining Project to Produce Synthetic Crude 011 and LPG and

for a Power Plant and 1ts Interconnection: Addendum". ERCB Report,
Calgary. #79-H. January 1980. .

Amerycan Chemical Soc1ety, "Chemistry 1n the Economy", Washington,
May 1984.

Baughman. M.L.. Joskow, P.L.., Kamat, D.P.., "Electric Power 1n The
United States: Models and Policy Analysis”, M.I.T. Press,
Cambridge. Massachusetts, 1979.

Beller, M.. "Reference Energy System Methodology", Brookhaven
National Lab, April 1976.

Blair, H.V.. "Markets for Aromatics and Aromatics-Based Chemicals”,
32nd Can. Chem. Eng. Conf.. Vancouver. October 6, 1982.

Brown. A.S.. "Canadian Chemical Producers Go Conservative”., Chem.
Business. 9-16. October 18. 1982. :

Brownstein, A.M., "U.S. Petrochemicals: Technologies, Markets and
Economics”. Petroleum Pub. Company, Tulsa. 1972.

Buck. T.E.. "Propylene Bids to be Bi1g Chemical! Feed". Petro Process
Eng.. 1. 4: 34-37. September 1960.

Buck., T.E., ”Shawn1éan Boosts Petrochem Prospects”, Petro Process
Eng.. 2. 4: 42-43, September-October 1961.

Canadian Chemical  Processing. “Sarnia  Firms  Plan Chemical
Refinery”. 56. 31-36., August 1971.

Canadian Petro Engineering, "Vinyl Chloride - A Question of
Balance", 6. 2: 29-31. February 1965.

Canadian Petroleum. "Ethylene Expansiohs Soon On Stream", 8. 1: 40-
47, January 1967.

Canadian Petroleum. "Bottom of the Slump for Petrochem Sector”. 12.
3: 33-42. March 1971.

Canadian Petroleum., "$150 Million SOAP Project Opposed on Three
Fronts", 13. 9: 55-57, September 1972.

286



17.

20

1.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

287

Canadyan Petroleum, "Industry Speculation Causes Unstable Methanol
Situation™, 13. 12: 49, December 1977,

Canadian Petroleum, "Petrosar The Cloud on the Horizon", ]B. 4
14-17, May 1977,

Cdanadian. Petroleum Assocration. "Statistical Hand Book . 1981,
Calgary 1981, : : ’

(azalets., E.G.. "SRl Eriergy Modelling Capabilities”, Stanford
kesearch Institute, Menlo Park. California. 1974,

Chemical Canada, "Polyethylene Resin Producers Claim Tariff Raise
Essentral”. 2]. 1: 25-26, January 1969. )

Chem Systems Incorporated., “The Canadidan Petrochemical Industry”,
Unpublished Report., Tarrytowr. New York. November 1973.

Chem Systems Incorporated., "Petrochemical Developments 1n Alberta”,
Unpublished Report, Tarrytown. New York, June 1976.

Chem Systems Incorporated. "Canadian Petrochemical Industry 1985-
1995: Challenges and Opportunities”, Unpublished Report. Tarrytown,
New York. August 1983,

Chemical Week. "Chemical Prices: At Best. Hope for 4 Weak Upturn".
131. 7: 100-103. Auqust 18. 1987. :

Chemical Week. "The:Ammoniua Crunch”, 132, 8: 34-38, february 23.
1983.

/
Chemical Week, "Why Celanese 15 lPush1ng Methanol as Autc Fuel”,
133. 12: 41-44. September 21. 1983,

Chemical Week, "Ethylene Glycgl: Massive Restructuring in a Crummy
Business™. 134. 10: 32-35%. March 7. 1984.

Chilton. C.H., Jwmeson. R.M.. "A National Energy Model", Battelle
Memorial Inst.. Columbus. Ohio. 1972.

-~

Coates. R., D. Hanson. S. Juenger. J. Kennington, "Survey of the
Research 1nto tnergy-Economy Interactions”., U.S. Dept. of Energy.
HCP/1 6346-01/1. 1979.

Corpus Chemical Report, "Chemical Exports: Some Encouraging Gains
Under Tough Conditions"., March 14, 1983.

‘Corpus Chemical Report, "When Will Feds Respond to Task Force

Advice?", April 9, 1984.

b

CPI Management Service, "Sarnia Planners Confronted with Alberta's
AGTL-First Policy", May 13, 1974.

CPI Management Service, "No New Gas on the Horizon for Ontario
Ammonia Buildup”, May 27, 1974.

L /



38.

39.

40.

41.

43,

46 .

47.

48 .

49.

288

CPT Management  Service, “ls Demand for Acids. Alkalis in West -
Enough for 2 VCM Units?", June 3. 1974.

CP1 Management  Service. “Ethane Extraction Plants Probiferate”,
June 10, 1974, '

CP1 Management Service, “Making Methanol 1n Alberla tntarls o
Number of Risks", June 24, 1974,

(P1 Management Service, "Back to Three Partners. but Petrosar
Forges Ahead", July 22. 1974.

CPI Management Service, “(elanese Hankering for Propylene”. July
22, 1974,

Daniel, 1.t., Goldberg, H. M., “"Dynamic tquitibraum Enerqy
Modelling: The Canadian BALANCE Model". Oper. Res. 29, 5. 829-852.
October 1981.

Darvel, T.f.. -Goldberg, H.M.. "Modelling Key Canadian Policy
Issues.” In 'Energy Models and Studies' . ed:ted by B. Lev. North-
Holland Publishing Company. 1983. ‘

Dantzrg. G.B.. “lLinear Programming and Extensions”. Princeton
University Press., 1963.

Dantzyg. G.B.. Parikh, S.C.. “On A PILOT Linear Programming Mode)
for Assessing Physical Impact on the Economy of a Changing Energy
Picture”. In ‘'Energy: Mathematics and Models'. edited by F.S.
Robertg. SIAM, 1-23, 1976.

Dantzig. G.B.. Connolay. T.J.. Parikh. S.C.. “Stanford ©°ILOT
Energv-Economic Model", Stanford University, EPRI-EA-626, 19/&.

Datametrics Limited. “Projections of Alperta Aggregate Energy
Demand 1n the Industrial and Commercial Sector”. 1977 to 1990,
Unpublished Report. Calgary. 1977.

Davis. J., “Canadian Energy Prospects"”, Royal Commission on
Canada’s Economic Prospects. Ottawa. March 1957.

Debanne, J.G.. "A Model for C(Continental 011 Supply and Distribu-
tion". J. of Petro. Tech. 23: 1089-1100. September. 1971.

Debanne. J.G.. Roohy-laleh, E., "A DSS For Multi-Period Planning of
Production/Distribution Operations”, University of Ottawa. Working
Paper 83-21, 1983.

Debanne. J.6., "Tayloring Decomposition Algorithms to Efficiently
Solve Large Scale Energy Planning Problems". In: 'Operational
Research '84', edited by J.P. Brans. Elsevier Science Publishers.
B.V. (North Holland), 840-853. 1984.



50. .

51.

'52{

!

53.

Ll - 4 ' 289.

&

Deonigi, D.E.. R.L. Engel. "l inear Programming in Energw

Modelling". In Energy, Modelling', edited by M. fearl.‘Resources

- for the Future, 146-176, 1973.

Diytruk. C.L., Ross-Smith, D.. “Alberta in Petrochemicals", 66th

CIC Conference, Calgary, June 8, 1983.

Donald, I.R%, Donald,~ J.T., "Cénad1ani»them1ga] Industry: Past, -
. Pre ent and Future";‘Chem1ca1 Canada 5 3: 37—39' Mérch 1953. .

k;Duenxngton, N;,' “Econom1cs of the Petro&hem1ca1 Industry". In:
© !Symp. on. the Occurrence and Chemical Utilization of Light
-Hy rocarbons’', Edmonton, Research Council of A]berta ‘Mimeographed

' C1rcufar ﬁg_ September 1956.

54 .

55.
564

57.-

59.

‘60,
61.
62.

63.

64.

65,

~ February 17, 1984

Econom1c Council of Canada, "Connections: An Energy Strategy for
the Future"f Ottawa. January, 1985." - o

s

fEmmerson D.W.y “Canadian Chemica]“flnduefry ‘to 1985 - Viao1esor

Vu]nerab]e", Chemlcal Canada, ‘28.. 1: 20-28, January 1976 .

Energy: Resources Conservat1on Board, '”A1berﬁa 0il & Gas Industry:

Annua] Stat15t1gs ERCB #82- 17, 1982. .

Energy Resources qunservat1on Board "Energy Requirements in

Alberta“. ERCB #82 F. October, 1982..

‘Energy Resources Conseryat1on Board 'A]berta{s.Reserves,of Crude

011 Gas, Natural Gas L1qu1ds and Su]phur . ERCB #84-18. December

'1983.

Energy Ana]ects. "Esso Pulls ‘Out of Péta]ta; AEL Look1ng ior New

‘Partner“, Januarx 22, 1982

Energy Ana]ects, “Syncrude Syndrome Hits Pefrochem1cals'; Apr11 30
1982 L '

'Energy,AnaIects. '”Petrochemigal§} Li&tie Optimism After Drop ‘in

FirsY Half Output", August 27, 1982.

Energy. Analects. "NGLs to Play New Role in Our Energy Economy”,
_ A 4 N

Energvaines and Resources._‘“The'National_Energy Program", Ottawa,
1980. . : I
Energy, Mines and Resources;;"ln{erfuel Demand ‘Substitution Model".
Ottawa, 1979. .. - R :
Energy.Research Unit, Oueen Mary - Co11ege. London, "World Energy
Modelling". In: 'Energy Modelling Workshop', IPC Press, -Guilford,

1-117. 1974.

66

Federa] Energy Adm1n1stra;10n,h“Nat1ona] Energy 0ut1ook“ - Mashing-
ton, D.C. 1976 . -



67.
68.
69.
70.

’ ,j71,
72.

73.

h74.
75
76.
77.
78.
s
80,
8.
82.

83.

290

Federal 1ndustry, Trade and Commerce, "The Canadian Petrochemical

Industry", Ottawa, 1977. -

Finon, D., "Optimization Model for the French Energy Sector",
Energy Policy. 2, 2 136-147, June'1974. '

Foat. K.D., Protti, 6.J., “Models “or Energf‘Policy Analysis: A
Survey", Client Research Report #81-1, Canadian Enérgy Research
Inst1tute, Ca]gary, 1981.!

Fuller,, J.D., "A Long-Term Energyel;:}\cy Model for Canada", Ph.D.

D1ssertat10n, University of Br1t1sh Co1umb1a. Vancouver, September'
1980.

Gibbens' R.. "Union Carb1de Prob1ng Future of Mortreal Unit", G1obe
& Mail, June 19, 1984. : :

Grinold, R.C., "Finite Horizon Approx1mat1ons of'Inf1n1te Hor1zon
Linear Programs - ‘Math. Prog , 12: 1-17, .1977.

+

Haver 1y Systems Incorporated "MAGEN Linear 'Programmjng System:/:

' User and Operating Manual”, Unpublished Report, Denville, New .
" Jersey. July 1978, R
He'ise . H.. “Alberta Petrochemicals"”, Can. Pet., 15, 7 43447,

August 1974. S i : L ;

Co ) : ‘./_ .
Heise. H., ”A]berta Looks 0pt1m1st1c ‘as Petrochem1ca1/ Plants
Spread", Can. Pet., 17. 10: 42743, October 1975. . // -
Helliwell, J.F.. *“Canadian Energy ° Poticyf, Annual /Review of
Energy. 4: 175-229, 1979. < o //

Hilborn. J.. "Canadian Ethy]ene Output Rising Fast™,/Can. Pet., 3.
3: 35-42, March 1968 _ ' 7/ ,

: /o .
Hitborn, H., "Capac1ty R1s1ng in Eastern Canada",/Can. Pet., 9, 7:
" 38- 46 July 1968. L . e

Hilborn, H.. ' Ethylene Will Canadian Reflners Run the Show?", Can.
Pet. 10, 5: 46-49, May 1969. . o

H11born. J.D., "Petrochemicals - Cautious, But Still Optimistic",
Can. Pet., 17..7: 20-23, July 1976. o AR

Hitborn, J.D., “Gett1ng There Cheapest with the Mostest”, Can.

Pet.. 17. 9: 35-38, September 1976.

Hilborn, J.D:, Orchard, B., "For Polysar . the ‘Password is Buta- <j:;

diene", Can. Pet., 12,_}:,30 31, January 1978.

Hilborn;,J.D., Orchard, B.. ”Many Ways to Po1nt One's Propy]ene

‘Can. Pet., 19, 10: 47- 48 October 1978.



- 84.

85.

" 86.

87.

291

Hoffman, K., "The United States Energy System - A Unified Plann1ng

Framework", Ph. D Dissertation, Brooklyn, 1972

o

Hunter, N.. “Petrosar_Negot1at1ng,‘Rescue Deal with Federal Govern-
ment., Banks", Globe and Mail, December 12, 1984.

International Institute ‘for Applied Systems Analysjs, "Oprionsf The
International Energy Workshop", Austria, October 1983. . -

Jané, R.S.. "Tariffs and the - Chemical Industry in Canada", Chem.

. Canada, 5, 4: 27-30, April 1953.

88.

89.

~ 90,

. .91,
AN

9z,

93 {3‘addur1 V.B.N. S Quen. D., S1ngh S..'“A Canad1an We]fare Equ111-

9.

95.

9.

97.
98.

99.

100..

~ Exist™, Chem. Canada 27, 11: 31-45, December 1975

Kennedy, M., "An Economic Model of the World 0il Market", Bell J.

“Eco.. 5, 2: 540-577. Autumn 1974.

Kirk-0Othmer "Eneyclopedia of Chemical Technologyéas2nd“Edition;

John Wiley, New York,-1967.

Leung. J., McDonald. M. "A Comparison of Coa] and Gas as Feedstocks
for Ammonia ' and Methanol Production i AJbertaf;‘ Unpub1lshed
dwscuss1on paper, ERCB Calgary. 1979. D

MacDonald B.F,. "Canada's Chemical Indus ry A Pattern of
Chal]enge and Cogdern“ Chem. Canada, 24 8 14 16 September 1972
‘ L
MacDona1d B.F.. "The® Chem1ca1 Industry Strateg1es as They Now

év

brium Model of Energy Supply. Energy Demand and. Econom1c Growth",
Can Eco. Assoc.., Toronto, June 1982.

~

Madduri. V.B.N.S.. D. Quon, S. Singh; S. Wong. "Optimal Utilization

“of Alberta's Natural Gas Resources", Can. Eco. Assoc.., Vancouver.
- JQne 3, 1983. :

’
PR
By 7

Manne. A.S., "Scheduting of Petro]eum Ref1nery 0perat1ons" Harva d
U. Press, 1956 :

Manne;'A.S.; ”A Linear Programming Model of the U.S. Petro]eum
Refining Industry”, Econometrica, 26, 67-106. 1958.

Manne., A.S., "ETA: A Model for Energy Technology Assessment“, Bell
J. Eco. 7, 2: 379-406, Autumn 1976. .

-—

Manne. A.S.. Richels R.G., Weyant, J.P., "Energy Policy Modelling:

A Survey", Op. Res.. 27, 2: 1-36, 1979.

Marschak, T.A., "A Spatial Model of U.S. Petroleum Refining“. In:
‘Studies in. Process -Analysis’, edited by A.5. Manne and H.M.
Markowitz, John Wiley. 1963. : ’

Matthews, W.G. "Canadian Energy Conversion System Mode]" Energy,
Mines & Resources Ottawa, 1976. : . _ :



292

101. McConaghy, D.J., Quon, D.. “ARC Alberta Resources Allocation
Model", Proc. Sim. Mod. Decision-Making, Montreal, 1978.

102. McDonéld. M., Wong. S.. "The Industrial Development Profile .as
Predicted by AERAM", Unpublished Report, Alberta Research Council,
November 1982. ) - . .

4

103. National Energy Board. "Canedjan Eﬁectrica] Utilities Analysis. of
Generation and Trends", Ottawa, 1978. : .

'104. National Energy Board, "Canadian Natura] Gas Supply and Require-'
ments", Ottawa, 1978. ' ' L
. \‘ “ ) N
105. Orchard. B., Hilborn. J.. JWhat Next After AGE Bu11ds Joffre I7“
Can. Pet.. 19, 11: 54-5%6, November 1978.

106. "Petrochemical Industry Task Force Report". Petrochemical Industry
Task Force. Ottawa, February 1984. '

107. Petro Process Engiheering. "Experts Probe Petrochem PrOSpects“. 6.
' 3: 36-41, March 1965. ' :

108. Parikh. S.C.. "A Welfare tquilibrium Model of Energy Supply, Energy
- Demand and Economic Growth", Systems Optimization Laboratory, Stan-
ford University, 1979.
|
i

109. Ponder.- T.C.. “U.S,/Propy]ene: Demand vs Supply". Hyd. Proc.. 57.
187-189. July 1978. - : .

110. Procter. R.M.. Taylor, 6.C.. Wade, 'J;A.. "0i1. and Natural Gas .
' Resources of Canada 1983", Geological Survey. 83-31, 1983.

lflu Quon, D.. Gregory, J.. "Economic and Other Factors Affecting Petro-

! chemical Development in Western Canada". ~ In: 'Symp. on the

t{  Occurrence and Chem. Utilization of Light Hydrocarbons'. Edmonton,

"~ Research.Council of Alberta, Mimeographed Circular #23, September
. 1966, '

112. Oudn, D;,'“Recent Advaﬁces ~in  the Deveiopment.of Energy Optimiza-
tion Modeis". Unpublished Report, Department of Chem1ca1 Engineer-
ing. University of A]berta Edmonton,“1976

113. Quon, D., "Energy Policy Models In ENR/ARC Modelling Conference
_Papers“,;Unpub]ished Report. Alberta Résearch Council, 1978.

114. Quon, . ‘McCoﬁaghy,, D.J., "The Energy Modelling Experience.in
-Albe\Ia“ In:. "Energy Modelling II: The Interface Between Model
‘Builder ‘and Dec151on Maker o Inst1tute of Gas Techno1ogy Ch1cago

1980..

115;‘0uon, D.,'McConaghy, D.J., Wong, S., " Ana1ys1s of Some Alternative
Natural Gas Scenarios Using AERAM". 30th Can. Chem. Eng. Conf.
Edmonton, September 1980.



293

116. Quon., D.. Wong. S.. .Singh, S., "Analysis of Canadian Energy
Policy", 3rd International Conf. on Energy End Use Management,
Ber1in. 1981. o ' ‘ ‘ ' ’

117. Quon. D., Singh. S.. Wong. S.. "AERAM/CWEM Users Manual", Unpub-
lished Report, Alberta Research Council. November 1982. :

'118. Quon. D., Wong, S.. Singh. S.. McDonald, R.D.. “The Future of
Liquid Fuels in Alberta", J. Can. Petro. Tech.. 23, 6: 56-59,
Novembér-December, 1984. ‘

119.‘Row11nsoh, H.C.. “Developments in Polyethiylerie in Caﬁada: 1980-
- . 1990", CSCht Symp., Calgary, March 19, 1981. :

120. Rowse, J., "A Model of Energy Supply from Western Canada", Dﬁscus—
sion Papér #344, Economics Department. Queens University, 1979.

121. Rudd, - D.F., Trevino, - A.A., Fathi-Afshar, S., - Stadther, . M.A.,
"Petrochemical Technology Assessment”, John Wiley, 1981.

122. Sawyer. F.G., "Petrochemicals: Still Fine - in f69“. Hyd .. ?;oe., 48,
1: 122-126, January 1969. fooL

123. Sherman H. Clark Associates. "U.S. Markets for Canadian Gas"+ Sub-
mission to the National Energy Board. Ottawa, June 1982 ' ' ‘

124. Singh. S.. Quon. D.. Wong, S.. "Forecast of Energy Development in
Alberta: 1983 Base C(ase Scenario” Unpub11shed Report A]bertav
Research Council, June 1984. oo

125. Small, R.M., "Canada'e Chemical Industry - At the Crossfoads?“,
' Process Ind. Canada, 46-50, December 1984. .

126. Smith, S.P., “Petrosar - The Economic 'Imp]icatian’for°Sarniaf
Ontario and Canada”. Chem.vCanada; 27. 4: 22-26. Apri]*1975

127. Stadtherr, M.A., Rudd. D.F. “Syj'gms Study of the’ Petrochem1cal
" Industry”. Chem.. EngEmSc1 _l 1019-1028, 1976

128. Stadtherr. M.A.. Rudd. D.F., "Resource Use by the Petrothemice1
Industry”. Chem. Eng. Sci. 33: 923-933, 1978. . o

129. Steinbaum, C.A., B.H. Pickbver, "Propylene Feedstock: Supply and ‘
~ Demand”, Chem. Eng. Pr. 179, 4: 11-19, April 1983.

130. SRI International, "Competitiveness of A]berta Produced Pet?ochem—
icals in U.S. Markets", Client's Study. Menlo Park. California,
June 1980. : ’ ) : ‘ =

131. Statistids Canada, "Refined Petroleum Producfs“{ #45-004, 1970—
1983. - ‘ <

132. Statistics Canada, "Industrial Chemicals .and Synthetic Resins”
#46-002, 1970-1983, - :



© 133, Sutherland, J.P.. “Where Do We Go From here?", CSChE Symp.. ]
‘Calgary, March 19, 1981. S o L

134, Symonds. G.H., "“Linear Programming: The Solution of Réfineryv
_Problems”. Esso Publishing, New York. 1955. :

135. Warrington. C.J.. Nicholls. R.V., ™A History of Chemistry in
-~ Canada", Can. Inst. Chemistry, Ottawa, 1949. . :

136 Warrington, C.J., Newbold, B.T., "Cﬁemita1 Canada: Past and
Present”, Can. Inst. Chemistry, Ottawa, May 1970. ‘

137. Waverman, L.. "'Natural <Gas and National Po]icy”, University of
- Toronto Press, 1973. ‘ - - '

138. Weyant.;J.P.. "Modelling far Insights, Nét‘Numbers: The Experience
of the Energy Modelling Forum", Energy Modelling Forum. Stanford
, University, EMPOP 5-1, 1981. ' ~ o B :

139. Wong. S., Quon. D.. Singh. S7. "A Profit Maximization Version of
AERAM" . Unpublished Report. Alberta  Research Council, February
1983. : _ ' S

140. Wong, S.. Quon, D., Singh, S.. ™“Forecast of Energy Development -in

: Alberta: 1982 Base Case Scenario’, Unpublished Report. Alberta

Researeh Council. February 1983. :



- In economic models,

APPENDIX 'A’: TEST PROBLEM DESCRIBING THE MPSX AND MAGEN INPUT FILES

_._......__-._-__._..__._____..‘_______._____-__.._..__.—_....._._—_-__._.__._____._...._..__-...

Mathematica]]y. a linear programming model may be expressed as:

 FORMULATION A

variable?’x . X SO as to minimize.

Find that set of values of the 1 X
(or maximize) the objective function -

Z=c,x, +C, X, I

subject to

1) agy x, # 812 %2 7 v A%, (&o=02) by

2) 2y Xy *iay, o * A%, (L= 2) by

. ’

o <,z »
myoa ., x, +a., X, + va txo (< 2) b,
' <
’ >
where x .x,, ..., x 20

B

and where:each of the equations or 4inequation§ takes on one only of the

signs in the bracket.

an inequality of equality is referred to as a con-

straint row and the variables (x1,...x2;..ixn) as ggfivitigs. The .value

of a variable, say x,, is called. the level of the ith activity.
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The model may be formulated. as given above, by'writing the complete set

of constraints and the objective function. An alternative'formulation

has the following format:

- FORMULATLON. B

and the levels qf the activities Xy

maximize) the objective function:

171 272 n
"subject to:
|5 7 N
{911 2
» . “
g7 %1t % Q| * Xy
»
a_ . a

L™ | "

g X so as to minimize (or
4
’ i
- —
a , b
In _<- 1
a = b
2n 2
>
b
mn m .
b — e

We will use the latter. FormulationiB, for two reasons:

4

\

1. The véry efficient, commercially avaidable, linear proéfammjng com-

f(\.puter soluti&h' packages, such as IBM's MPSX, require the input

coefficients (fhe'aijs, and the b

s) to bé arranged in column form.
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2. The coefficients. when grouped . according to-activities rather than
according to constraints, permit a more logical physical interpreta-

tion.

For a re]ativé]y simp]e'mdhe] such as AERAM, the activities are essen-

tially extraﬁrﬁon activities (of the primary energy‘fuéls) and ggnve -
r - -
sion activifig;. The technical coefficients for each activity, as

represented by the corréSpdnding vector in Formulation B. represents
essentially input and output coefficients.

&

* The pFocedure will be i]lustrated'usihg a very simple energy model,
TEST MODEL PROBLEM
‘{l"—:}/g?ﬂ}”

Given a projection new demahd for electricity in each of the next 2

five-year peripds., and assuming that this demand will be sustained for

3,
e,
> PR

the foreseeable future:

given that this increased demand for eiectricity can be satisfied by

Fs

either of two téchhoiogies - coak-fired or gas-fired power plants; *

~.

gjvén the fuel costs, capital costs. financing costs and operatjng L

costs of these two alternatives: o ” 2



the life of the plant;

298

given that once a plant is built. economic considerations dictate
. - []

that it operate at capacity for the duration of the planning period:
o

)
{

given that before a plant is built, fuel for it mgs;? e assbmfd for

Define the variables as follows:

X1

X2

X3

X4 -

anrual increment. production of electricity from coal-fired poWer

‘ plants built in Time Period 1. BKWH/Y (bii]ion kilowatt hours per

year);

annual 1ncrement productioh of electricity from gas-fired power

plants built in Time Period 2, BKWH/Y;

annual coal production in Time Period i. TBTU/Y (trillion BTU's per

year); ’ ‘ .

annuaf gas production in Time Period 1, TB%U/Yﬁ
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X5 total”annualized capital charges for plants built in Time Period 1.

MILLION $/Y:

X6 total annual operating costs for plants built in Time Period 1,

MILLION $/Y;

Y1 annual incremental production of electricity from coal-fired power

plants built in Time Period 2, BKWH/Y;

Y2 annual incremental production of electricity from gas-fired power

plants built in Time Period 2, BKWH/Y;
Y3 annual coal production in Time Period 2. TBTU/Y;

Y4 annual gas production in Time Period 2. TBTU/Y;

~

Yo total annualized capital charges for plants built in Time Period 2.

MILLION $/Y;
+ - . ‘ ‘

Y6 total annual operating costs for plants built in Time Period 2,

MILLION $/Y.

The input data 1s shown in Tables 42-45; the energy reserves. conversion
technologies, tiﬁé;dependent parameters and miscellaneous parameters are

specified.

The complete set of cOnstraints'p1us the'objectiVe function using Formu-

lation A, is shown, with the appropriate coefficients, in Figure 150.



Fdel Reserves {(TBTU)
Coal 60,000

Gas 20,000

Table 42: Primary Energy Fuels

oal-Fired Power Plant

Basis: 1 BKWH/Y output at busbar

Inputs: Coal., TBTU,Y
Capital Cost (initial) MM$
Operating Costs., MM$ /Y
Other: Life of Plant, ' Y

g

Gas-Fired Power Plant

Basis: 1 BKWH/Y output as busbar
Inputs: Gas. TBTU/Y
Capital Cost (initial)., MM}
Operating Costs, MM$ /Y

g‘ Other: Life of Plant, Y

Table 43:  Energy Technologies.

10.8
180.0
10.0
30.0
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Jime Per1od

One Two
Coal, cost, MM3$/TBTU ' 0.50 0.50
Gas cost, MM$/TBTU 2.00 2.50
*Electricity Demand, BKWH/Y 11.2 20.7
Annual Capital Service Charge ; 0.10 . 0.13
Discount Factor (10) annually) nw 1.0 0.621

*New demand that cannot be met with existing capacity at beginning of

Peryod 1.

Table 44: Time‘Dependent Parameters

_ Length of period. years ‘ 5

No. of periods 2

Table 45: Miscellaneous Parameters
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LXPLANATION OF CONSTRAINTS

-

1. Calculate annual coal requirements (X3) n Time Pervod 1 1n TBIU/Y.

[a®]

Calculates annual gas requirements (X4) n lime Peraod 1%1n TgJU/Y.

3. Demand for electricity 1n Period 1 must be met from new plant

capacity measured 1n BKWH/Y.

& Calcu]atss total annual capital charges yX5) from new power plants
# H :

in T Period 1. For each type of power plant. the annual capital

chargde 1s the sum of a straight-line depreciation component plus an

intgrest charge. 1n MM$/Y.

5. Calculates total annual operating costs (X6) from new power plants

n Period 1 in MMs/v.

6. Calculates annual coal requirements (Y3) 1n Period 2, which 1ncludes

the coal required to meet the capacity added in Period 1 as well as

the capacity added in Period 2. in TBTU/Y.

7. Calculates new annual gas requirements (Y4) in Period 2 1n TBTU/Y.

Same structure as in eq. (5).
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- FIGURE 150: Mathematical Formulation of Energy Model in. Equation Form

%%?%,g ) SO
1. -10.8* X1+ X3 =0
2. -10.2%X2+ - x4 . . =0
3. XL X2 o, - 1.2
40 SMI e XD - AS2 K X2+ X5 o | - 0,
5. :10.0\* X1- 5.0 % X2 + X6 - | SR R
6. -10.8XXI-10.8*YI.Y¥3 T - =0
7. -;?.2 K2 - 10.2 % Y2+ Y4 - o = 0
8. I xla X2 Y1+ Y2 | > 20.7
9. M1 % XI- A42 A X2 - AS1 X Y1'- A92 % Y2 4 Y5 =0
10.,-10.0 * X1'= 5.0 * X2 - 10.0 * Y1 - 5.0 * Y2 + Y& . =0
117324 * X1 + 324 *vy1 7 L < 60,000
12306 * X2 4 306 MY2 .. < 20,000

'13I MIN 5.0 * [(0.5 */X3 + 2.0 * X4 + X5+ X6) +
0.62 * (0.5 * Y3 + 2.5 * Y4 . 4 ¥5) ]

-

M1 = 180730 + 180 * 0.10.= 24.0  -A42 = 150/30 + 150 * 0.10 ='20.0
~A91 = 180/30 + 180 * 0.13 = 29.4 A92 = 150/30 + 150 * 0.13 = 24.5



8. New demand for eTectriCity'_in Period 2 s satisfied by new power

plant capaC1ty built in boih Per1ods 1 and 2 in BKWH/Y.I'

oy 1
Ry

9. Ca]cuWateé total capital charges.l Y ) in Period 2 arising from

ct’-;

_5
i. . &‘b
plants bu1lt 1n Per1ods 1 and 2 v1n MM$/Y

10. Calculates total operating chargés_,({6)‘ in Period 2 arising from
plants built in Perieds 1 and 2, in MM$/Y.

7

11. Total dédicated coal produétibn cannot exceed existing reserves, in

BIU. .
S‘
12. Total dedicated.gas prbduction cannot exceéd existing reserves; in

TBTU. - o R s

13. The objective'function to be minimized is the total djscounfed costs

or the present value of such costs in MMS$.

The energy model has now been reduced to an exp]i;jt]y stated mathe-

matical programming problem.

Figure 151 shows the flows in the form of a network. In.order to meet a

.

demand for €lectricify,‘speCified"over time, allocative decisions must

be'made distfibuting the available bhimary resources -of coal, gas, in:

add1t1on to' capital and operating funds. over the two available

‘technolog1es and.overtime.
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]

Plant cabacity built in the first ‘time period continues to be utilized
in the second (and subsequent) time peribd{, “A11 the . input andfoutpuf
flows reflect this assumption.

Figure . nas been rewritten in the format of_FQrmulatibn B and shown
in‘Figure 162 where the variables ‘have'beén given é]phanumeric names ,
which will be def ined later. The constraints have also been named.

- The techhiques of so1vingjk:) Tinear prdgramming problem are well-known,
permitting us to solve small problems. manually. However for large

-

problems invo]vfng hUndredS' or even thousands. of variables and

constraints, computer solution packages .are invariably used: The most -

popular and one of the. most efficient patkagés.is IBM's so-called MPSX
pragram. However, the  input datae must be prepared in a pa%ticu1ar.
rigidly specified way.

-
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' NAME OF CONSTRAINTS AND ACTIVITIES

MPSX format requires the user'to

all variables (or activities) wi

letters and ﬁumbers):

AN

.the

have been relabelled as follows:

Rows (constraints) -

Constraint No.

O \I.O" bW N =

B S VT G N
W N = O

¢/

~ RCOLO1
_RGASO1

identify'all rows (or constraints) and

th

constrawnts and var1ables in F1gure 150

Name or Mnemonic* -

RELEOL

. RCAPO1

" ROPRO1

4///’

RCOLO2

'RGASD?2
. RELEOZ2 -

RCAPQ2
ROPRG2

RTCOL
RIGAS
“0BJ

3

= - ‘

a]phanumer1c names (combinations of

'Re]ationship
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Variables (activities)

Activity Name or Mnemonic

X1 . < pCFPOI
X2 " PGFPOI
X3 | PCoLOl
X4 o PGASO1

X5 TCAPO1

any ‘ G

X6 | ~ TOPRO1
Y1 : . PCFPO2
Y2 . PGFPO2
Y3 PCOLO2
va . | PGASD2 -
Y5 o , TCAPQ?2

Ye o TOPRO?

v ’ ) \-‘5\

The vector of right-hand side constants is simply called RHS.

\

For using MPSX, it is ‘more convenient to use the mathematical model

format shown in Figure 152. ' ' .

THE=-MPSX FORMAT -

In MPSX. after'the names of all rows have”been specified, the matrix of
coefficients in Figure 152 is fed into the computer program by columns.

When introducing‘the columns, the activity name is inserted, then the

"name of the row in which. the activity appears with a non-zero coeffi-

- cient, and finally the coefficient itself; there are two entries for

each line. The MPSX formulation is shown below:
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Rows .
The symbol 0 indicates the objective functipn;f@hg-§ymbo]’£ an equality:
the symbol L indicates the inequality ¢ (i.e. the L.H.S. is less than
' ' . ‘ e u‘./ ’ - ’ e
the R,H;S.); the symbol G indicates the 'inequality >. .
- s : e“,*'

-~ 0BJ

£ ROLO1 ' I
E RGASOL . ' \
6 RELEOI o SN
E RCAPO1 - S
3 ROPRO1 o .
E RCOLOZ B : A
E RGAS02 L T
6 - . RELEO2 S oo
~E e " RCAPO2 ,
E ROPRO2 - . . ,
L. RTCOL ' . - L
L RTGAS | - |
Columns -
PCFPO1  RCOLOI  -10.8 RELEOL 1.0
PCFPOl * . RCAPO1 = -24.0 ROPROI  -10.0 *
PCFPO1  RCOLO2 . -10.8 ..  RELEO2 1.0 -
PCFPO1  *  RCAPO2  * . -24.0 ROPRO1  -10.0
PCFPOI ~ ~ RTCOL  324.0 -
» :
“'
) 3 $\\



PGFpQ)
PGFPO1
PGFpo)
PGFPO1
+ PGFpp1
PCoLol
PGASQOT
TCAPD]
TOPRo1

-

PCFpgp
PCFpgp
PCFPO2
PGFpg?
PGFPOZ'
PGFPo2.
PCoOLo?
PGASQ?2 |
TCaPD?2
TOPRQ2

Right Hand side
 RHS

RHSV

RHS

Iﬂ(a Warge linear program, this formuTatiOU has two shortcomings-
CFirst, it s diffichlt,t0?31t8r< and update the model. Sécond]y,‘it iS
qifficu]t‘ib 1ht¢rpref the results.’ Thesé shortcbmiﬁgs can- be ove;come
by Using a software package like the Have;1y Systéms MAGEN. MAGEN-
“facilitates the updating and altering 6{ the mode] andv %t has an

RGASO1
RCAPO1
RGASOZ
RCAPOZ
RTGAS

RCOLO1
RGASO]
RCAPO]
ROPRO1

RCOLOZ
RCAPOZ
RTCOL

RGASO2
RCAPO2
RTGAS

RCOLOZ

- RGASOZ

RCAPOZ
ROPRO2

RELEO1

RELEOZ
RTCOL

_RTGAS

306.

29,

-10.
-20.
-10.
-20.

O O O O O O M O N

— e =

-10.

324.
-10.
-24.
306.

O =

11.2

20.7

160000
20000

o O O O oF O b

\

RELEOT

ROPRO1
RELEQ2
ROPROZ

0BJ-
0BJ
0BJ
0BJ

RELEOZ

ROPROZ

RELEO2

ROPROZ

0BJ
0BJ
0BJ
08J

-5,

-5.

-10.

-10.

W W ~d =

o O o o

o O o o

.bb3
.763
.105
.105
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The DICTIONARY Section

This section establishes the various classes to which reference can be
made in the‘rest'of the program. Each class is identified by a unique
name, With up to 8 .a1phanumer1c characters. Each member name may not

have more characters than the class name.

Any 10QiC or mathematical procedure specified as being performed on a
class s performed oﬁ each membef of the class in turn. A class refer-

ence CONSists of a class name enclosed by parentheses.

Suppose that class PEN has as members - COL and GAS and that class PQ has
members 01 ahd'OZ. then‘thev group of activities given by the expression

P(PEN) (PO) is equivalent to the set of activities [PCOLO1, PGASOL,

PCOLO2. PGAS0Z].

+

It should be noted .that témporaryv>¢lasses can. be estab11§hedA(without

being’listed in the DICTIONARY) 'by giving a dummy title. say XXXX and

‘thén listing all the members of the temporary class. usjng the expres-

sion, €.9. "FOR XXXX = BCOL.BGAS".

A Useful programmjng deviée is a linked class reference which permits
the selection of a member of one class depending upon the current acﬁivé

member of ‘another class.
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Suppose CLASS PP has the following members, in that order [01.02.03] and
that CLASS PQ has as members [02,03,04]. Then if the program 1%
currently dealing with the f1r§t member of CLASS PP (i.e. 01), then the
expression RCOL(PQ/PP) becomes RCOLO2, since the first member of CLASS

PQ 1S named 02.

The DATA Section
This section consists of various tatle: of data. A1l TABLE rows and

columns are given alphanumeric names.

A1l entries are referenced, first with the column name followed by the
row némé. Thus-, the expressiop;IﬁBLE PEF (TBTU.COL) refers to the entry
corresponding to column TBTU and row COL in TABLE PEF. 1In a TABLE, the
characters "H>" mean that only characters to the right of these columns

are read: all characters to the left can be used for .comments.

The characters “+R" in the first . two columns denote a continuation 11ne'

and are-used when the TABLE has either many columns or has internal
explanations that prevent the TABLE from being displayed naturally with-

~out running past column 72.
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b
7 The Iz:ﬁﬁ%E TRANSFORMATION Section

v

This section creates new TABLES and modifies the entries in existing

TABLES. A common procedure 1is to wuse generally accepted units of

measure for TABLES in the DATA section and to convert to other units {h

this section. Example: Suppose that TABLE ENC has column headings

[01.02.03.04] which are all members of CLASS PQ“Iand a row named CRO,

and the entries'repﬂesent costs of - crude oil in $/BBL. We can convert

these costs to $/MMBTU by dividing the entries by 5.8 (MMBTU/BBL) using

the statement:’

FROM TABLE ENC ((PQ.CRO) = TABLE ENC ((PQ).CRO)/5.8

MAGEN converts the input data into a MPSX input file by generating row.

column, right—hahd—side'énd bounds sections as follows:

THE_ROW_ID Section

This section 1deﬁt1fies all the constrﬁints by NAME and specifies
whether they will  be eduality rows -(FIX), less-than-or-equal-to rows
(MAX), or greatér—than—qr—eaual—to rows (MIN). The constraints them-
selves are not generated here, but only named. ‘The,coefficieﬁts wiil'be

generated in the next.section.
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The COLUMNS Section

This section generates the numerical entries 1n the LP matrix, column by
column. The column or activity ~vector 1is named. then the non-zero
entries are generated by naming the row and speﬁifying the entry. This
entry can be a table entry, an explicit numerical constant, or some
~algebraic combination. In order to have a completely data-driven

model, TABLE references, rather than numerical data should be -inserted.

Example: Suppose we wish to enter the activities PCFP(PQ). Further
. ' \
suppose that CLASS™PQ has membérs (01.02) and CLASS PP has members

(02.03), then the following program statements,

FORM VECTOR PCFP(PQ)
RCOL(PQ) = TABLE ECP(CFP.COL)

RCOL(PP/PQ) = TABLE ECP(CFP.COL)

are interpreted to mean:

a) The FORM VECTOR statement generates a vector for each member of
CLASS PQ. Since CLASS PQ has members (01,02) then‘vectors~PCFP01

. and PCFPO2 are generated in turn. x

b) The vector PCFPO1 has an entry in row RCOLOl, which entry can be

found in column CFP and row COL of TABLE ECP.
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c¢) Vector PCFPO1 dalso has an entry n row RCOLOZ. - The last statement
says that 1f we are dealing with the current member of CLASS PQ.
namely Olx we should also be dealing with the correspoﬁd1ﬁg member

of CLASS PP, namely 02 (the first member of the class 1n edach case).

d) Simitarly, the vectors PCFO02 has entries in RCOLOZ and RCOLO3.

The RHS or Right Hand Side Section

This section generates the RHS constants and 1s similar to the previous

section.

The BOUNDS Section

This section allows the programmer to set specific bounds on individual
variables by naming the variable. Specifying the type of bound (UP. LO
or FIX), and giving the bound value as either a constant or a data table
entry, or some combination of both. It is much more efficient computa-
tionally to have bounded variables 1nstead of row constraints, where

“they are mathematically equivalent.

It should be noted that MPSX requires that vectors being bounded must be
defined in the same order in this section as 1n the FORM VECTORS

Section.
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The Visting of the file containing the MAGEN program for the Test Model,
s given in Figure 153. There are 5 classes and 4 tab]es:’.Thé taﬂﬁes

correspond to Tables ¥42—145. | ‘Next, the rows are identified. ‘Thél

columns and right-hand-sides are generated by.the "FORM VECTOR" state-

pents. Finally, there “ié a ‘repont writer prqgram which converts the

;optfmal solution generated by MPSX into a tabular form. The model can .
.be easily updated. ‘Fof example, if the gés,feserves have been increased

: gyﬁlO,bOO TBTU then in fABLEJNPEF.ﬂ oV "GAS", column QR", the value is

changed from 20000 to 306b0. Structural - changes are easily made. For

éxample. if only gas-fired powek"pTants -are tb be considered then in

" CLASS ENT, the line referring to CFP _is deleted. MAGEN faci1itafes

model development ‘and scenario analysis. : . o

Ll
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FIGURE 153: File Listings of MAGEN Program

T N

* ; : -
GENERATE o | .
DICTIONARY - |
" CLASS PQ TIME PERIODS
02,03 |
CLASS PP TIME PERIODS PLUS ONE
01,02 - , o
-CLASS PEN PRIMARY ENERGY FORMS , ke
© 7 ocoL o ocoAl . | 5
GAS  NATGAS
. CLASS SEF SECONDARY ENERGY FORMS
‘ ELE  ELECTRICITY |
CLASS ENT ENERGY TECHNOLOGIES -
CFP 'COAL FIRED POWER PLANT
"GFP' BAS FIRED POWER PLANT s

* - DATA

TABLE PEF PRIMARY ENERGY FUELS
* FUEL  RESERVES (TBTU)
* ' QR
| ’ T COL 60000 |
GAS 20000 o

!

~ TABLE ECP ENERGY CONVERSION PROCESSES

x COAL FIRED POWER PLANT
* BASIS: 1 BKWH/Y OUTPUT AT BUSBAR
- W CFP |
1: COAL TBTU/Y o - coL - -10.8
I: INIT CAP COST - 3981%) CAP -180.0
I: ANN OPER COSTS (MM1981$/Y)  OPR -10.0~
* 0: ELECTRICITY BKWH/Y C o ELE 1.0
~ LIFE OF PLANT , LFP. - 30.0
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*

*

i

THE FOLLOWING MA

N

. GAS FIRED POWER PLANT
BASIS: I BKWH/Y OUTPUT AT BUSBAR

+R L , H>
I:- GAS TBTU/Y -~ | GAS -
I: INIT CAP COST (MM81%) CAP
I: OPER COSTS (MM313/Y) OPR
0: ELECTRICITY BKWH/Y ELE
LIFE OF PLANT LFP
. |
TABLE TOP TIME DEPENDENT PARAMETERS =~ .
* €OSTS DEMAND INTEREST ~
MMS/TBTU BKWH/ Y  RATE
oL GRS -~ - ELE ©INT
0l 7 0.50 2.00  11.2 0.10
02 - 0.50 2.50 20.7 0.13
. ,
‘ TABLE MSP MISCELLANZOUS PARAMETERS
* ; : ' W
" LENGTH OF PERIOD YRS | | LGP
NO OF PERIODS ' NPR
* : ?
NAME TEST

'FORM ROW 1D

0BJ = 0BJ
FORM SECTION (PQ)
' R (PEN)(PQ) = FIX
R (SEF)(PQ) = MAX _
RCAP(PQ) = FIX .
: ROPR\PQ) = FIX | 8
FORM SECTION,“END, - I
RTCOL = MIN c e
RTGAS = MIN

o .
GEN PROGRAM @Eﬁg;ATES THE' LP MATRIX.
FIRST, THE ROWS ARE IDENTIFIED IN MAGEN NOMENCLATURE.
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GFP
-10.2
=150.0
-5.0
. 1.0
. 30.0

DISC FACT
AT -10%/Y
DSF
1.0

0.621
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o THIS
"COPY

COLUMNS -

T %

FORM

FORM
FORM

SECTION -GENERATES THE LP MATRIX COLUMN BY COLUMN

VECTOR  EXTRA

0BJ = 0.

0

SECTION (PQ) |

VECTOR o | P(PEN)(PQ)
R(PEN)(PQ) =

" 0BJ = TABLE MSP(ALP LGP)*TABLE TDP ((PEN),(PQ))*TABLE

'FORM

TDP(DSF, (PQ))

‘VECTOR - P(ENT) (PQ)

R(PEN) (P

R(PEN)(PP/PQ) = TABLE ECP ((ENT),(PEN))

R(SEF)(PQ) = TABLE ECP ((ENT),(SEF))

R(SEF)(PP/PQ) = TABLE ECP. ((ENT),(SEF)) ,

RCAP(PQ) = TABLE ECP ((ENT),CAP)/TABLE ECP((ENT),LFP)
+ TABLE ECP((ENT),CAP)*TABLE TDP. (INT,(PQ))

Q) = TABLE ECP ((ENT),(PEN))

" RCAP(PP/PQ) = TABLE ECP ((ENT),CAP)/TABLE ECP. ((ENT),LFP)

FORM

- FORM

: FORM:

B3 . 4
COPY

RHS ’

* .
FORM

ENDATA

+ TABLE ECP ((ENT),CAP)*TABLE TDP (INT,(PQ))
ROPR{PQ) = TABLE ECP ((ENT),OPR)
ROPR(PP/PQ) = TABLE ECP ((ENT),OPR)

. TABLE ECP
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RT(PEN}(PQ) = TABLE ECP ((ENT), LFP)*TAANSS P(CENT),(PEN))
VECTOR , . TcAP(rQ) g .

RCAP(PQ) = 1.0 B

0EJ = TABLE MSP {ALP,LGP)*TA®LE TOP (DSF,(PQ))
VECTOR . o - TOPR(PQ)
ROPR(PQ) = 1.0 . ' -

0BJ = TABLE MSP (ALP,LGP)*TABLE TOP. (DSF,(PQ))

SECTION, END ' ‘ /

VECTOR | ~RHS
RTCOL = TABLE PEF(QR,COL)

FTGAS = TABLE PEF(QR,GAS)

RELEOL = TABLE TDP(ELE,01)

RELEO2 = TABLE TDP(ELE,02)



THE MAGEN REPORT WRITER PROGRAN TO FOLLOW ILLUSTRATES A USER
* IORIENTED RESULT FORMAT.

FORM LINE

HZO - ********_********t*****
- SPACE ‘
- FORM LINE

H10 = TEST PROGRAM

t#f

o TOTPR = 0
- SPACE
FORM LINE - , : '
S  H20 = OBJECTIVE FUNCTION VALUE
V60.1 = N,NPRFIT
N X = P,0BJ -
B ~ TOTPR = N,TOTPR,X
Z - V120 = N, X*0.01
FORM"LINE
| H2Q = ****CASE INFEASIBLE****
u V120 = N,TOTPR.
* SPACE | | |
- FORM LINE
' 'H10 = TABLE ONE"= ENERGY FLOWS
FORM LINE

D30 + 10(PQ) = (PQ)
©OFORM LINE . - T
D5 = COAL TBTU/Y
| ©y30:1 + 10(PQ) = X,PCOL(PQ) "
“FORM LINE. : ' ’
D5 = GAS TBTU/Y ,
V30.1 + 10(PQ) = X,PGAS{PQ)
FORM LINE ‘ ‘
© D5 = ELEC.FROM COAL BKWH/Y
v30.1 + 10(PQ) = X, PCFP(PQ)
FORM LINE
D5 = ELEC FROM GAS BKWH/Y
V30.1 + 10{PQ) = X,PGFP(PQ)
FN '
"END
COMPILE
END JOB
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APPENDIX

CLASS

CLASS

CLASS
-CLASS

CLASS
CLASS
CLASS
CLASS

" CLASS

CLASS
CLASS
CLASS

"~ CLASS

CLASS

-CLASS
-CLASS
. CLASS
CLASS
"~ CLASS

CLASS

CLASS

CLASS
CLASS
CLASS

"CLASS

CLASS
CLASS
CLASS
CLASS

CLASS

CLASS

.CLASS

CLASS
CLASS

-CLASS

CLASS

CLASS

CLASS

CLASS

CLASS
CLASS

CLASS

CLASS
CLASS
CLASS

CBP
CDE
CGT

CONP _

CoT
EBP
EEP
EE]
EE2.
EE3 .

EFE .

EMT
EPP
ER

EWP

EWl

EW2
EW3
EW4
EYP
FGT
FIVE
FOUR
HOB .

GFR

GPT
GWR
IFP
LPP

MBP
MET
MP
MPO2

MPO4 .

MP06
MPO8
MP12
MP16
MPE
MSE
MSP.
NGL.

MODEL VARIABLES AND CONSTRAINTS

‘The data was inputiiﬁ terms of the following classes:

—

Coal Based Processes
Consumers Demands

Canadian Gas Prod Tech

Condensates‘Production '

011 Prod Technologies

Ethylene—Based Processes .
Eastern Canadian Existing Processes'

‘Eastern Canadian Existing Processes

Eastern Canadian Existing Processes
Eastern Canadian Existing Processes

~ Eastern Canada Energy Streams

Eastern Canadian New Processes
Power Plants

Export Market Regions

Albertan Processes

" Albertan Processes

Albertan Processes

Albertan Processes

Albertan Processes.

Ethylene Plants

Frontier Gas Prod Tech

Indexing Class : v : s
Indexing Class,

. Blends for Bit and Heo
oCanadian Gas Reserves

Eastern Frontier Gas Reserves

"U.S. Gas Marketing Regions

Nat Gas Processing Plants
Albertan Gas Reserves
Intermediate Fuels "
Natural Gas Liquids

All Energy Forms

CH4 or Coal Based Petrochems -
All Alta Enérgy Technologies
Tlme Periods

2 Time Periods

4 Timé Periods

6 Time Periods

8 Time Periods

12 Time Periods

16 Time Periods

' Primary Energy Forms

Secondary Energy Forms
Mixed Feed Processes

' Natural Gas Liquids.
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' . . - R . \
'CLASS NGP - Natural Gas- Uses
CLASS OCR , 011 Reserves' : :
CLASS OIP = Othér. Intermediate Plants - &,
CLASS OSR _ 0OilSands Reserves - e
'CLASS PCP * Primary Petrochemicals - - -
CLASS PCS  Secondary Petrochemicals - ’ ‘
CLASS PSP ~ Other Single Feed Processes .
.CLASS PTP - Petrochemicals Processes o
CLASS PT - Time Periods Minus One
CLASS PQ - Time Periods ' s o
CLASS PP~ Time Periods Plus One : ’ L -
CLASS P2 Time Periods Plus Two , ' :
CLASS P3 Tihe_Pe;iods Plus Three ‘ ' )
CLASS P4 ', Time Periods Plus Four- ~ |
CLASS P5 ‘Timg Periods Plus Five
CLASS P6 = . Time Periods Plus Six . »
CLASS P7’ Time Periods Plus Seven. e -
CLASS P8 Time Periods Plus Eight ‘ : -
-CLASS. P9 - Time Periods Plus Nine S o "
“ CLASS PN~ Time Periods Plus Ten o v
CLASS PE - Time Periods\Plus Eleven )
CLASS PW . Time Periods Plus Twelve
CLASS PH -~ Time' Periods Plus Thirteen
.CLASS PF' - Time Periods. Plus Fourteen
CLASS PV Time Periods Plus Fiftgen
" CLASS PS Time Periods Switch -
_CLASS R* ~ Produc%Pg*Regions "
CLASS RROIL  Conv 0il Reserves "
- CLASS -SIX Indexing €lass’ -
€LASS SYC'  Synthetic Crude Processes.
CLASS SYG ©  Synthetic Gas Processes
CLASS T - 'Capital Type
CLASS UPG - Upgraders for Bit and Heo ’
CLASS WGT "Alta Gas Prod Techmologies
Each class comprised a sepyof' members. For example, Class. GM had the

foliowiﬁg seven Qembars;

N£i1 New Eﬁglaqd R | \
| MA Middie‘Atlarftic ‘ o ' - -
1_:E& East Ndrgh,Céﬁtral : . |
o ijinyh .Weéi North Central |

. MTf' Mountain N f ' | L
CCA"héalifbrnia

PN . Pacific Norphwest
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The variables and constraints referred to- these’classes..'For example,
if class PR consisted of members #01, 02, O3 then ﬁn§ variable name

EG(GM)(PR) would represent 21 variables in the linear program:

‘

EGNEO1 - Export of Alberta gas to New England region
EGNEO2 | in periods #01, 02, and 03; - T
EGNEQ3 . - : _ .

EGMAQI 'Export of Alberta gas to Middle Atlantic
EGMAQ2 } regions in periods #01, 02, and 03; '
EGMAO3 ‘ :

¢MEGENO] Export of Alberta gas tn East North Central
ENO2 } regions in period #01, 02, and 03;
EGENQ3 - o '

EGWNO1 Export-nf Alberta gas to West North Central
. EGWNO2 } regions in: period #01, 02, and 03;

EGWNO3 |

EGMTO1 Export of Alberta gas to Mountaln region o

EGMTO2 } 1in periods #01, 02, and 033 ‘ o
" EGMTO3 '

EGCAO! Export of Alberta gas. to California region
EGCAO2 | in periods #01, ‘02, and 03;
© EGCAO3

EGPNO1l Export of Alberta gas to Pacific Northwest
“E6PNQ2.} region in periods #01, 02, and 03.
EGPN03 ' A g

The major class members are shown below

' SECTION A: PRODUCING & MARKET REGIONS ‘
CLASS R : :

Producing Regions

W Alberta’ :
" E " Eastern Canada

CLASS RG o
Market Regions
WC . ~Western Canada
EC . "Eastern Canada
MW U.S. Mid-West
PC . . U.S. Pacific Coast .’

PR . Pacific Rim ’ : ‘ ' Y
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CLASS GFR ,
» East Frontier Reserves
GFA Proven Sable 1. Gas
GFB . Prob Sable 1. Gas .
GFC . Prob Arctic Gas
CLASS GCR
. Canada's Gas Reserves .
GWA Proven Alta Gas
GWB - Probable Alta Gas
GWC Prob Alta Tight Gas
GWD Proven B'fort-Delta Gas
GWE Prob B'fort-Delta Gas
. GFA . Proven Sable I. Gas
GFB S Prob Sable I. Gas
GFC ‘Prob_ Arctic Gas
CLASS MPE o _
' Primary Energy
ORM Mineable 011l Sands.
OR1 Hi Grade In’ Situ 0.S.-
OR2 .+ Med Grade In Situ O.S.
0IL - "~ . Conventional 0il o
"RGA Raw Nat-Gas = 0ld ..
« RGB Raw Nat Gas - New
- HEO Heavy 0Oil
v CTS . Thermal Coal Sub-Bit
CTB Thermal Coal Bit
coM " Metallurgical”Coal
. CLASS NGL ,
o ’ Natural GAs Products .
’ GAS Fuel Gas ﬁtd . \
"GS1. Int Gas Stream " ’ '
- GS2 - Fuel Gas Tupe 2
GS3 ' - Fuel Gas Type 3
GS4 Fuel Gas Type 4
.ETH -~ . Ethane
: . PRP - Propane
‘ -~ BUT Butane
' cDS. _ Condensate
CL@SS LPP
: ‘Natural Gas Liquids -
ETH " Ethane ‘
PRP ' Propaqe.ﬁ
BUT - Butane. -
CDS Condensate
CLASS IFP

v ,Intermgdiaﬁe‘Fuels
HDX : Heo-Dil Exp. U.S.
syCc - ~ Synthetic Crude -

’



ICL
BIT
BDX
BDA
HDA

CLASS NGP

CNG
LNG

" CLASS RFP

" GSL
DTN
HFO
ASP
PLI

CLASS PpCP

ETN
PLE
BTL

CLASS PCS

AMM
MEO
MEF -
LPE
HPE
EGC
STY
VcM
VAM
PPY
BIE
- BTX

CLASS MSE

ELE
(IFP)
(NGL)
—____(FRP)
‘ (pCP)
(PCS)

CLASS MAE

(MPE)
(MSE)

Coal Liquids (Inter)
Bitumen (0il Sands)
Bit-Dil Exp. U.S.
Bit-Dil1l Ex-Alta
Heo-Dil Ex-Alta

Natural Gas Uses
. Compressed Nat Gas
Liquefied. Nat Gas -

Refinery Products
Gasoline '
diesel, Turbo, Naphtha
Heavy Fuel- 011l
Asphalt /
Refinery Grade Propylene

Primary Petrochemicals
Ethylene °
Propylene.
Butylenes

Secondary Petrochemicals
Ammonia :
Methanol
Methanol Fuel-Related.
LLDPE/LDPE '

HDPE

. Eth Glycol
Styrene

- VCM
Vinyl Acetate
Polypropylene
Butadiene
BTX

»‘Secondary Energy Forms

Electricity

All Energy FOrms
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SECTION C: ENERGY & PETROCHEMICAL PROCESSES

CLASS COT

WOl
WO2
Wo3
BO1
HO1
HO2

'CLASS WGT

WGl
WG2
WG3
WG4
WG5S

CLASS FGT

FGl
FG2
FG3 '

CLASS CGT

WGl
WG2
WG3
WG4 -
-WG5
FG1
FG2
FG3

CLASS REF

RHM
RMM
RHE
RNA
RSN

"CLASS GPT
GPS
GPF
GPB

" GP3
GP4
GP5

GPX
GPE

011 Productioh Technologies

Produces
Praduces
Produces
Produces
Produces
Produces

011
0il
0i1
011
0i1
0il

From OWA
From OWB
From OWC
From OBA
From OHA
From OHB

Alta Gas Prod Tecfhnol
Prod RGA From GWA
Prod RGA From GWB
Prod RGA From GWC
Prod RGA From GWD
Prod RGA From GWE

o
A

Frontier Gas Prod Tech
Prod RGA From GFA
Prod RGA From GFB
Prod.RGA From GFC

Can Gas Prod Technol

Prod RGA
Prod RGA
Prod RGA
Prod RGA
Prod RGA
Prod RGA
Prod RGA
Prod RGA

From
From

From

From
From
From
From
From

GWA .
GWB
GWC
GWD
GWE
GFA
GFB
GFC

Refinery Processes
High Gasoline
Medium Gasoline

Heavy 011l

Chemical

Type

Synthetic Crude

Nat Gas Processing Plants
Gas Strad Plant (Eth)
Field (0ld Gas) '
Field (New Gas)

Deep Cut Ethane

Dummy
Dummy

Exist Strad Plan
Exist Can Gas Plant
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CLASS EPP

PWC
PWG
HYD
NUC

CLASS SYC

osM
osy
052
161
ICl
CLI

CLASS URG

RUB
HOU

CLASS HOB
HEX
BE
 HEA
" BEA
CLASS SYG
SLU
HYG
COA
CLASS CDE

MTF
HTF

CLASS MBP -~
AMC
AMG
MEC
MEG
MED

. CLASS CBP

CLI,AMC,MEC

Power Plants
Coal Fired
Gas Fired
Hydro Electric
Nuclear

Syn Crude Process
Mined 0S Syncrude
Insitu OS Bitumen
Insitu O0S Bitumen
Insitu OS Syncrude
Insitu 0S Sync (+Coal)
Coal Liquefaction

Bit & Heo Upgraders
Bitumen Upgrading
Heavy 011 Upgrading

Heo-, Bit-, CDS Blendes
Heo-CDS Export
Bit-CDS Export
Heo-CDS Domestic
Bit~CDS Domestic

Syn Gas Processes
Lurgi '

Hygas -
C02 Acceptor

Consumers Demands
-Transport Fuels
Heating Fuels

Meth- or- Coal-Based Petrochem
Ammonia From Coal
Ammonia From Gas
Methanol From Coal
Methanol From Gas
Methanol to Fuel

Coal Based Processes
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CLASS EYP

ETE
ETP
EPE
ETF
ETC
ETO
ETB

CLASS OIP

BZN
BZC
PLP
BTB

CLASS EBP

HPE
LPE
EGE
VCE

CLASS PSP

PPP
SEB
VME
BTB

CLASS PTP

Ethylene Plants

Ethylene From Ethane
Ethylene From Propane
Ethylene Fr Eth & Prp
Ethylene From Naphtha
Ethylene From Condensate
Ethylene From Heavy 0Oil
Ethylene From Bitumen

Other Intermediate Plants
BTX From Heavy 01l
BTX From Condensate
Propylene From Refinery
Butadiene From Butylene

Ethylene Based Processes
HDPE From Ethylene
LDPE From Ethylene
Eth Glpasl From Ety

Styrene From ETY & BZ
VAM From MEOH & ETY

Butadiene From Butylene

Petrochemical Processes
Ammonia From €oal
Ammonia From Gas
Methanol From Coal
Methanol From Gas
Methanol To Fuel
Ethylene From Ethane
Ethylene From Propane
Ethylene Fr Eth. Prp
Ethylene From Naphtha
Ethylene From Condensate
BTX From Heavy 0il
BTX From Condensate
Propylene From Refinery
Butadiene From Butylene
Butane to GSL Pool
HDPE From Ethylene
LDPE From Ethylene
LDPE Conv to HDPE
Eth Glycol From Ety
VCM From Ethylene
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SEB
VME
PPP

The variable names were:

CAP(T)W(PR)

CD(COT)E(PR)
CD(FGT)F(PR)
CD(WGT)W (PR)
CD(COT)E(PR)

" CP(FGT)F (PR)

CP(WGT)W(PR)
DEM(PR)

D(COT)E(PR)

,D(FGT)F(PR)

D(WGT)W(PR)
EASYC(PR)

EA(NGL)(PR)
EA(TTT)(PR)
EGASW(PR)

EG(GM)(PR)

EG(G)F (PR)
E(NGL)W(PR)
“ESYCW(PR)

- E(TTT)W(PR)

FTGAS(PR)
GTESS
IDGW(PR)
1OIL(PR)

_ I(RFP)W(PR)

OIL(SS)(PR)
PC(OSR) '

" P(COT)E(PR) |
(PCS) (RG)E(PR)

Export of NGL from Alberta

* Natural Gas Used in the Alberta Energy Sector

. to Regions (R)\

¢ Styrene From ETY & BZ
VAM From MEOH & ETY .
Polyproylene From PLE

“

Total Energy Sector Investments From (T) In Alberta
Total Capital Charges for Oil from Technology (COT)

Total Capital Charges for Gas fromETeChnology (FGf)

Tdtal Capital Chargesfor Gas from Technology (WGT)
Cumulative Oil Productionifrom Technology (COT)
Tumulative Cas‘Production from Technology (FCT)
Cumulative Gas Production from Technology (WGT)

.Accounting Variable for Energy Sector Economic

Surplus

‘Hibernia 0il E&D Activity A

Frontier Gas E&D Activity

Alberta Gas E&D Activity _

Synthetic Crude from Alberta to Eastern Cangda
Sale of NGL frOm ‘Alberta to Eastern Canada

Sale of 0il and Gas from Alberta to Eastern Canada
Export'of Natqral Gas“from Alberta

Export of Aiberﬁa,Ges‘to US Market Regions
Expo:tldf Sable Island to US Mafket Region

Expert'of Synthetic Crude from Alberta-

Export* of 0il and Coal from Alberta

Gas from Sable Island to TorontowArea

Presenthalue of Alta Energy Sector Surplus Ri's

Import of Oil to Eastern Canada

Imports of Refinery Products into Alberta
:0il Production %romLDifferent’Caﬁedian Fié@ds
0i1 Sands Cbmmi%ted Reserves R 4

’011 Produced from Technology (COT)

Petrochemical PFoduction from Eastern Canada

PE TN

!
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Ugite

MMS
MM$/Y

MMS/Y
MMS/Y

BCF
BCF

MMS/Y

BCF
BCF
MMB/ Y
As spec
As spec
BCF/Y
BCF/Y
BCF/Y

As spec

- MMB/Y
As spec
'BCF/Y
oMMs
BCF/Y
MMB/Y

MMB/Y

MMB/Y
MMB/Y

e
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(PCS)(RG)W(PR) Petrochemicrals Production from Alberta to Regions

PE(EEP)E(PR)
P(EMI)E(PR)
PE(EWP)W(PR)
"P(FGT)F(PR)
P(IFP)(PR)
P(MET)W(PR)
P(MPE)W(PR)
P(NGL)E(PR)
P(NGL)W(PR)
' POILH(PR)
P(PCP) E( PR
P(PCP)W(PR)
PRGAF (PR)
P(RFP)E(PR)
_P(RFP)W(PR)
P(WGT)W(PR)
S(RFP)W(PR)
TCAPW(PR)
TC(EMT )E( PR)

TC(MET )W (PR)

_TD(FGT)F(PR)
TD(WGT)W(PR)
* TECRG(PR) -
TECRGF (PR)

TECRO(R) (PR) -

'TESS(PR)

- TP(EMT)E(PR)

“TP(MET )W(PR)

'TP(PCS)E(PR)

TP(PCS)W(PR)
TR(GFR)F
TR(GWR)W

(RG) KT/Y

Production from Existing Facilities in Eastern Canada-Level

Capacity Additions of Technologies in Eastern Canadad Level

Production from Existing Facilities in Alberta Level --
Gas Production from Technalogy (FGT) "BCF/Y .
Net Production of Intermediate Products in Alberta MMB/Y

CapacityvAdditions ofvTechnologies (MET) in Alberta As spec

Production of Primary Energy in‘Albertay units/y
NGL Net éroduction in Eastern Canada - * As spec y
NGL Net Production in Alberta ’ "As spec
0il Production from Hibernia Fields : ) MMB/Y
Net Production-Primary Petrochemicale in East.Canada KT/Y
Net Proouction—Primary Petrochemicals in Alberta KI/Y
Gas Production from Eastern Frontier » ‘BCF/Y
Net Production ‘of Refinery Products from Petrosar As»épec
Production of Refinery,Products 4in Alberta As spec f‘
Gas Production from &echnology (WGT) ECF/Y
Surplus of - Refinery Products in Alberta . As spec
Total Capital Sector Investment in Alberta | MMS
Total Amortized Annual Coats.of Additional Capacity
in Eastern Canada ' ‘ MMS$/Y
Total Amortized Annual Costs of Addltional Capacity‘
in Alberta') . ’ . MM$/Y
, Total Gas Deliveﬁability from Technology (FGT) BCF/Y
Total Gas" Deliverability from Technology (WGT) | BCF/Y
Total Economic Rent from Natural Gas 4in Alberta | MMS/Y
Tot a1 Economichent from Eastern Frontier Gas MM$/Y
Total Economic'Rent from Cilrin Region (R) : MMS
Undiscounted Energy Sector Surplus ‘ MMS/Y
Total Cumulative Capacity Additions in- East Canada level
Total Cumulative Capacity Additions in Alberta level
Total Production of Petrochemicals (PCS) 1in Petrosar . level
Total Production of Petrochemicals (PCS)'in Alberta level
Frontier Gas Reserves Developed e : ‘MMB
Alberta Gas Reserves Developed —MMB



333

TR(OCR)E 1 Hibernia 0il Reserves Developed i o ‘MMB

UD(FGT)R(PR) Unused Gas Deliverabiligy from Technology (FGT) -l BCF/Y
UD(WGT)W(PR) Unused Gas Deliverability.from Technology;(WGI) v . BCF/Y

' The model constraints were:

' ’ . . . .
1. RTOILW(t) = -ALBERTA PRODUCTION OF CONVENTIONAL CRUDE FROM VARIOUS -
¢ CATEGORIES - MMB/Y" -

OIL(SSS)(t) o B ‘Annual production from (SSS)
' ' _ categories '
for' SSS = OWA,OWB,OWC e , -
.= POILW(t) ' co Total annual proddction»in Alberta
o =0 R E ' ¢

2. RD(COT)E(t) HIBERNIA - OIL DELIVERABILITY - MM8/Y

t

*

' -I Table PPP (HORPP 1)*D(COT)E(i) kDeliverability profile ‘
1=1 o R ':? I Preproduction activities
o (exploration + development)
- +'P(COT)E(t) ' ' ) - NN 'Ahgual'poténthgljprodugtion

o

3. RC(COT)E(t) - sHIBERNIA - 10TAL PREPRODUCTION COSTS — MMS/Y

e

; Table ENTC@((COT) CAPI)*Tablg ~Cépital costs * Amgrtization schedule
ifl 2 gf@@ﬂﬁcxx i)*D(COT)F(i) * (exploration + development)
an‘&% ) , - : ~activities
" where XX = discount rate ' \
— . - | o | i
‘- CD(COT)E(t) T ~ Total preproduction costs

w[ .= OL .~,': .v N ‘ <§§%N
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4. RTOILH(t) HIBERNIA - TOTAL OIL PRODUCTION - MMB/Y

"P(COTYE(t) » ’ ‘ - “Annual potential productioﬁ'from

v various fields ;
- POILH(t) ' Total annual production
. . 0

5. RCP(COT)(t) HIBERNIA - CUMULATIVE OIL PRODUCTION - MMB

ot

-~ Table ALPC(ALPd;iNTH)f&fﬁb@hggt) (years/time period) * annual
o A

‘ gw,ﬂfifﬁﬁ;w : production
- CP(COT)E(t—l) v wa.;»,?\ Cumglative production at end of |
. 4 ' period (ﬁ—l)
+ CP(COT)E(t) ‘ ‘ Cumulative production at end of
period (t)

=0 .

6. RTRGAW(t) ) ALBERTA GAS PRODUCTION FROM VARIOUS FILELDS - BCF/Y s

»

' P(WGT)W(t) . : Annual potential production from
' : various fields
- PRGAW(L) = - Total annual productiord

=0 »

7. RD(WGT)W(t) ALBERTA GAS DELIVERABILITY - BCF/Y
' (*Except WGT = WGI)

t : ' .
-I Table PPP(WGRPP,i)*D(WGT)W(i) Summation of (Deliverability Profiles

i=1 . S : .
* Exploration + Development

Activities)

_% Table PPP(UWGPP,i)*UD(WGT)W(i)  Summation of (Carried forward |
| ' | v deliverabilities frqﬁ previous
4 ’ periods)

+ TD(WGT)W(t) - . '_ : . Deliverability
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T
T
v "@..ﬁ“ K

8. RU(WGT)W(t) ALBERTA -"UNUSED GAS DELIVERABILITY - BCF/Y

4

t ) .
~ ¥ Table PPP(UWGPP,1i)*UD(WGT)W(1i) Summation of previous periods unused
i=1 o ‘

4

deliverability
- TD(WGT)W(t) . , : Current deliverability
o ] . . . . .
+ P(WGT)W(t) ‘ Production
+ UD(WGT)W(t) Vo Surplus deliverability B
) -0 . . :
. . ' ) ' ¢ .*
9. RC(WGT)W(t) ALBERTA - GAS PREPRODUCTION COSTS .
t ’ N ,
I Table ENTC(WGT,CAPI)# Table Capital«gosts * Amortization schedule
i=] ! ' b o I g
PPP(WGCXX,1 )*D(WGT)W (i) * Preproduction activities
- CD(WGT)W(t) ‘ . ! . Preproductioh‘cosps

\

&
10. RCP(WGT)(t) ALBERTA CUMULATIVE GAS PRODUQ;ION - BCF
R ;

- Table ALPC(ALPC,LNTH)*P(WGT)W(t) (years/period) * Annual prgﬁuction v

- CPSWGT)W(C—l) ’ , Cumplativé production‘af end of
o ' ’ . . period (ffl); a
. ‘? _ /.'
+ CPfWGT)W(t) ‘ ‘ ' Cumulative production at end of
- - | period (£)

=0

11. RTRGAF(t)  EASTERN OFFSHORE - GAS BALANCE - BCF/Y

PRGAF (t) - ' Production
- FTGAS(t) _ ‘ : To Torbnto area
" EG(QM)F(t) : - . To NE USA Markets
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12. RRGSF(t)  EASTERN OFFSHORE — GAS PRODUCTION - BCF/Y

P(FGT)F(t) Production from (FGT) categories

PN

~ PRGAF(t) o - Total annual production in Alberta
=0 ' '

13, RD(FGT)F(t) EASTERN OFFSHORE — GAS DELIVERABILITY - BCF/Y

¢ 4 . , o ‘
_ = I Table PPP(FGRPP,i)*D(FGT)F(i) Summation (Deliverability Profiles *
1=] g
Preproduction activities)
~ I Table PPP(UGFPP,i)*UD(FGT)F(1) - Summation (Unused deliverabilities
i=1 ) ‘ o .
l, ‘ from previous periods)
+ TD(FGT)F(t) . = ' " Current deliverability

=0

14. RU(FGT)F(t) EASTERN OFFFSHORE - UNUSED GAS DELIVERABILITY ~ BCF/Y

- TD(FGT)F(t) : ' ~ Deliverability .

+ P(FGT)F(t) S ‘ _ , Production

+ UD(FGT)F(t) ; ' . surplus deliverability
R Y , , _

15. RC(FGT)F(t) EASTERN OFFSHORE - GAS PREPRODUCTION COSTS - MM$/Y

i

I Table ENTC((FGT),CAPI)* Table Capital costs * Amortization schedule
o A ' ' A
PPP(FGCXX,1i)*D(FGT)F(t) * Preproduction activities
- CD(FGT)F(t) ' ' o . Preproduction ¢OStS-
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16. RCP(FGT)(t) EASTERN OFFSHORE - CUMULATIVE GAS PRODUCTION - BCF

. - Table ALPC(ALPC,LNTH)*P(FGT)f(t) . (years/period)*énnual production.
o | 0
- ¢P(FGT)F(t—1)'_ R C Cumulative production at eﬁd of
: . o period (t-1)

+ CP(FGT)F(t) - i A _ Cuﬁulative'pfddgction at end of
o . period (t)
= 0 ’ -

Yy

.

17. RT(NGL)W(t) ALBERTA - NATURAL GAS LIQUIDS BALANCE - A.S.. =

*Excluding CDS = ‘ ' . - ' ‘_ B  , N‘

" P(NGL)W(t) v ' ‘, ‘ A Net, production‘from;enérgy'sector
o | g
- E(NGL)W(t) . " Exports A
l—EA(NGL)(t) o ‘ To Eastern Canada

- = Table DSECE((NGL)WC,t) . Western-demand

18, RT(NGL)E(t) EASTERN CANADA - NATURAL GAS LIQUIDS BALANCE - A.S..
vaxcept CbS _ ,

P(NGL)E(t) , ' - Production

+ EA(NGL)W(t) ‘ » ) From Alberta

- = Table DSECE(NGL)EC,t) . Eastern Consumer's demand

@

~
19. RLOS(t) -~ ALBERTA — SYNCRUL: PRODUCTION LIMITS - MMB/Y
Table ENTG(OSM;SYC)*TPOSMW(t) New Mined Oil Sands. production
+ Table ENTC(OS1,SYC)*TPIGIW(t) . w insitu - high quality production

+ Table;ENTC(OSZ,SYC)*TPIGZW(;) . New insitu - std. quality production



+ Table WNEX(OSM,SYC)*PEOSMW(t) "Existing broduction :

Exogeneous limits

'

' < Table ULLT(LOSW,t)
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20. RLIS(t) . ALBERTA - BITUMEN PRODUCTION LIMITS - MMB/Y
Table‘ENTC(OSI,BIT)*TPOSlW(t) " Bigumen Production Insitu #1 Quality

" 4 Table ENTC(0S2,BIT)*TPOS2W(t) /Bitumen Production Insitu #2 Quality.
< Table ULLT(LISW,t) . Exogeneous Limit

21. RTSYCW(t) ALBERTA - SYNCRUDE BALANCE - MMB/Y

B

A.S.

- PSYC(t) R s "~ Net prod&étion

- ESYCW(t) - Exports

o= EASYC(t) - . To Eastern Canada
22. RT(RFP)W(t) ALBERTA ~<'REFINED OIL PRODUCTS BALANCE -
P(RFPYW(t) ' . - . Production .
+ L(RFP)W(t) ) . ~ Imports
- S(RFP)W(t) S - Surplus .
= Table DSECE((RFP)WC,t) ~ Demands

23. REGPP(t)  GAS BALANCE ON REPROCESSING PLANTS

Ornly gés gxported from Alberta goes through feprbsing

Table ENTC(GPS,GS2)*TPGPSW(t) New straddle plant

plants

production



+ Table ENTC(GPB;&SZ)*TPGP3W(t) . B ﬁew deep-cut plant prod.(#GSé)
+ Tabie ENfC(GP3;¢S3)*TpG?3W(;) | New deeé—cut plant.frod.(#GS3)
+,Tab%é WNEX(ééX,GSé)*PEGPXW(t) ; Existing Pfoductién
- EAGA#(;) :v o : Ex;Alberta gas
- EGASW(t)  ' - \ : .. Gas exports from Albérta

. S
24. RFGP(t)  OPERATIONAL MODES FOR STRADDLE PLANTS

Exiétingustraddle plants can handle Bdth old and new gas

PEGPFW(t) o ' o '01d' gas production
+ PEGPBW(t) - 'New} gas production
< Table CCF(20;t) ' Level

25. RB(MET)W(t) ALBERTA - CAPACITY ADDITIONS - Levels

t :
I Table PPP(XX,1)*P(MET)W(i) Summdtion (production profile *
i=1 ' SN '
' for XX=Table ENTC((MET),LIFE) - level of operation)
- TP(MET)W(t) - o Capacity additions available in (t) =
=0 ' A

26. RCMETW(t) ' ALBERTA —~ ANNUALIZED COSTS FOR CAPACITY ADDITIONS - MMS/Y o

t . . .
£ {Table ENTC((MET),CAPI)*Table
i=1 ' : v ' - ‘ : -
TCA((MET) ,ACA)*Table. TPC Annualized capital costs

((YY),1)*Table CCF((XX),1)

\

[#]
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+ Table ENTC((MET),OPER)* | N
Table PPP((XX),1)}*P(MET)t  Operating costs

- TC(MET)W(t) ' Total annualized costs
=0

{See section under VECTOR CAP(T)W(t) to amortize capital surcharge when

capital expenditures exceed the specified amount }

27. RB(EMP)E(t) EASTERN CANADA — CAPACITY ADDITIONS - Levels

t " ) < -
T Table PPP((XX,1)*P(EMT)E(1) ' Summation (production profile *
i=1 ‘ '
level of operations)
- TP(EMT)E(t) . Capacity additions available in (t)-

28. RC(EMT)E(t) EASTERN CANADA - ANNUALIZED COSTS FOR CAPACITY ADDITIONS
- MM$/Y

{Table ENTC((EMT),CAPI)*Table - 0

! TCA((EMT) ACA)*Table TPC((YY, i)*

Table CCF((XX) i) ' Annualized capital costs

[ R

i:

+ Table ENTC((EMT,OPER)*Table
PPP((XX),1}*P(EMT)t" o ~ Operating costs

- TC(EMT)E(T) S ' Total

29, R(MAE)BW(T) ALBERTA - BALANCE ON ALL THE ENERGY AND PETROCHEMICALS
STREAMS - A.S.

GENERAL EQUATTON
Table ENTC((MET),(MAE))*TP(MET)W(t) ~New technologies 1/0
+ Table WNEX((MET),(MAE)*PE(EWP)W(t) Existing_Technologies 1/0

- P(MAE)W(t) ‘ Net production



For (MAE)=OIL, Add

+ PCDSW(t)
-~ EAOIL(t)
- EOILW(t)

- EAGAS(t)
-~ EGASW(t)
- IDGW(t)

t
~ L Table PPP(DLGPP,i )*DLG(1)
i1=1

and RHS is Table DSECE(GASWC,t)

)

For (MAE)=ELE, Add

_ to RHS Table DSECE(ELEWC,t)
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Condensate to oll pool

To Eastern Canada

‘Exports

To- Eastern .Canada
Expqrts
Alta industrial demand

Dome LNG project

Exogeneous Alta consumers and other

industries_demand

Exports

‘Exogeneous Alta consumer's demand

30. R(EFE)BE(t) EASTERN CANADA - BALANCE ON THE ENERGY AND PETROCHEMICALS:

Table ENTC((EMT);(EFE))*TP(EMT)E(t)
+ Table ENEX((EEP),(EFE)*PE(EEP)E(t)
'~ P(EFE)E(t) :

f EAOIL(t)
+ POTILH(t)
+ PCDSE(t)

STREAMS - A.S.

New technoldgies 1/0
Existing technologies 1/0.

Net production

Conventional crude from Alberta

Hibernia oil

Condensate to oil pool

e
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+ I0IL(t) 0il imports

+ EASYC(t) Syncrude from Alberta )
and RHS is Table DSECE(OILEC,t) Demand

FOR_(EFE)=GAS, Add

EAGAS(t) ‘ From Alberta

+ FTGAS(t) From Eastern Offshore .
and RHS is Table DSECE(GASEC,t) Demand E

31. RTCAPW(t) TOTAL CAPITAL EXPENDITURE IN THE ALBERTA ENERGY INDUSTRY* -
MM$

*excluding the oii sector - where exogeneous, éggregated values are used
Table ENTC(WGT),CAPI)*D(WGT)W(t) Gas sector
+ Table ENTC((MET),CAPI)* Table TPC Industrial requirements

(YY), t)*P(METIW(t) |

- TCAPW(t) Total capital expenditures
. | . : .
32. RCAP(t) ALBERTA - TYPES QF CAPITAL USED - MMS$S
TCAPW(t) I Total capital
_ A 0
- CAP(T)W(t) ' I Capital from individual pools
) - ,

33, RTGEUS(t) TOTAL GAS EXPORTS FROM ALBERTA TO THE USA - BCF/Y

EG(&M)(t) -«  Exports to seven individual regions

- EGASW(t) ' ‘Total exports
-0 .

34. RGD(GM)t. GAS IMPORTS BALANCE IN THE SEVEN US MARKET REGIONS - BCF/Y

EG(&M)(t) : ' - From Alberta . '
+ EG(GM)F(t), GM=NE,MA From Sable Island

< Table RNGDE((@),t) - Maximum regional gas demand



"~ TECROE(t) | ' Ecofomic ¢

343

35, RIGASHW(t) ALBERTA INDUSTRIAL GAS USAGE - BCF/Y

IDGW(t) Industrial gas usage
L
+ Table ENTC((MET),GAS)*TP(MET)W(t) New plants %ﬁ

+ Table WNEX((EWP),GAS)*PE(EWP)W(t) Existing plants

36. R(PCS)(RG)t DEMANDS FOR PETROCHEMICAL (PCS) IN MARKET REGLON (RG)

- KT/Y
(PCS)(RG)W(L) ' : Satisfied by Alberta production
+ (PCS)(RG)E(t) A ‘ Satisfied by Eastern production

.<.Table PCHDE((PCS)(RG),t) Demand limits

37. RECROW(t) ECONOMIC RENT FOR OIL 1IN ALBERTA - MMS$/Y

~ Table MCOIL(MCO, (SSS))*OIL(SSS)t - Costs

4

+ Table OIL(AWH,t)*DOILW(t) Revenue .

~ TECROW(t) _ Economic rent »

X

1

38. RECROE(t) ECONOMIC RENT FOR- OIL IN EASTERN GANADA
v T, T

W .

~ TABLE ENTC((COT),OPER)*P(COT)E(t)
~ CD(COT)E(t)

+ Table OIL(EXP,t)*POILH(t)

5 4
N
.1




T
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39. RECRG(t)  ECONOMIC RENT FOR GAS IN ALBERTA - MMS/Y

- Table ENTC((WGT),0PER)*P(WG@®)W(t) Operating costs

~ CD(WGT)IW(t) Capital charges
= TECRG(t) Economic rent
+ Table GAS({ABP,t)*EG(GM)t Experts

+ Table GAS(ABP,t)*EAGAS(t) Eagstern Canadian sales

+ Table GAS(IPF,t)*Table
GAS(ABP,t )*IDGW(t) Industrial sales

+ Table ENTC((MET),GSHR)*Table GAS
(PPF,t)*T?(MET)W(t) ‘ , For new ethane extraction plants
+ Table WNEX((EWP),GSHR)*Table
GAS(PPF,t )*PE(MET)W(t) For existing ethane extraction plants

»

S o

- Table DSECE(GASWC,t)* Table ”
4 .
GAS(IPF,t)*Table GAS(ABP,t) %%  Exogeneous demand

* vy

40. RESS(t) ECONOMIC SURPLUS IN ENERGY SECTOR — MMS$/Y ’

{Table DSECE(ELEWC,(t))*Table ELE(ELE, (t))
+ Table DSECE(GASWC,(t))*Table GAS(ABP, (t))*Table GAS(IPF,(t))

+ Table DSECE((RFP)WC,(t))*Table RFPP((RFP)W, (t))

+ Table DSECE(PRPWC,(t))*Table NGL(PRP, (t))*10

+ Table DSECE(PRPEC,(t))*Table NGL(PRP, (t))*10

+ Table DSECE(BUTWC,(t))*Table NGL(BUT,(t)) Secondary .
+ Table DSECE(BUTEC, (t))*Table NGL(BUT,(t)) Energy

+ Table DSECE(OILEC,(t))*Table OIL(EXP,(t)) Sales

+

Table DSECE(GASEC, (t))*Table GAS(TCG, (t)) }*DEM(t )
3
- Table ENTC((COT),0OPER)*P(COT)E(tr) Eastern Frontier 01l costs



CD(COT)E(t)

‘Table ENTC(WGT,OPER)*P(WGT)W(t)

i

CD(WEEW(E)

I

Table ENTC((FGT)),0PER)*P(FGT)F(t)

CD(FGT)F(t)

Table (MPE)(CPA, (t))*P(MEP)W(t) -
‘when MPS=HEO,CTS '

Table TRANS(GASST, (t))*FTGAS(t)

{4 Table(777)(EXP, (t))-Table TRANS

(EX(777),(£))*E(777)W(t) }
for 777=01L,CTS

- N

{0.01%Table RGPSI((@1), (t))*Table =

_APRT(EXCC,(t)) - Table TRANS
(GAS(@1), (£)) PREG(@) (t)

_+ 0.01%Table RGPSI((GM).,(t))*Table
APRT(EXCC,(t)) - Table TRANS"

(GAS(GM)F, (£)) T*EG(GM)F(c)

{Taﬁlé'GAS(TCG,(t))*Table‘GAS:
(ABP, (t))T*EAGAS(t) - §Table
TRANS(EAOTL, (t))}*EAOIL(t )

Table OIL(EXP,(t))*IOIL(t)

+ Table ALPC(ALPC,HV(NGL))*Table,;
, GAS(ABP,{t))*E(NGL)W(t)
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‘Eastern Frontier 0il capital charges

Alberta gas.costs‘

Alberta gas charges.

‘Eastetn gas cOsts

Eastern Frontier gas charges

Heavy oil and coal costs
T}anspdrt_costs.Sable Islaﬁd;Toronto

Exports - o;lu.cqal.

Gas exports from Alberta'

and Sable Island (

‘Transportation costs

Import costs

Exﬁofts Natural Gas'Liquids e



Nl

- Table TRANS(EA(NGL), (t))*10,

 (EA(NGL)(t)
for NGL=ETH,PRP

- Table TRANS(EA(NGL), (t))*BABUT(t)

= Table RFPE(I(RFP)W,(t))*L(RFP)W(t)

+ Table RPFF(S(RFP)W,(t))*S(RFPIW(t)

"+ Table RFPP((RPF)E,(t))*B(RFP)E(t)

—'TC(MET)W(Q) ,

+

| - Tabe ALPC(ALEC,FERR)*TECRG(t)

~ Table ALPC(ALEC,FERR)*TECRO(t)

- TC(EMT)E(t)

I3

- Table WNEX((EWP),OPER)*PE(EWP)W(t)’

- Table ENEX((EEP),OPER)*PE(EEE)E(tj"

+ Table IFPP((IFP),(t))*P(IFP)(t) -

,.

Table TRANS(EAOIL,(t))*EASYC(t)

{Table IFPP(SYC,(t)) - Table

TRANS(EXOIL, (t)) }*ESYCW(t) -
b o

, +{Tab1e PCHPP(CPCS)(RC),(t))—Table' .

TRANS(W(PCS) (RG), (t))-Table TARIF
((BCS)(RG), (£))}*(PCS)(RG)W(t)/ 1000

|

.~ +{Table Pcupp(cpcs)(nc),(g))af@b;eg'- ’
_[TRANS(E(pcéj(Rc),(:))-Table«TARiri
(C?CS)(RG),(cS)}*(PCS)(gc)E(t)1@oqf?

"
¢
I :
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Trans;irtation’East NGL
: A o

L]

"

refined products imports,

surplus and exports

»

 New, capacity costs — Alta
Rent retained by Govt for gas’
Rent retained‘by Govt for oil

' New capacity costs (East)

Ekisting production opef.costs—Alta

Rl . /} '
. / BN

Existing production oper.costs—East
Intermediate fiels

L

Syncrude East — transport cost

Syncfude exports

%
Petrochemicals for Alberta to:
market regions. "

’~4

v

*:Petrochemicals from Eastern Canada

_ ‘ L
. to market reglons :



y!, L

+ Table ENTC((MET),RSR)*P(OSR)W(t)  Activities

e
h-DPCT(t) - | " 4 .- Dome cvsts
| 4 - Dome_cos _
- \ , . ] ‘\:ﬁ~
-+ DPCT(;)' _ AR Dome revenue
,4;IESS(t) o =0 o - ) 5 Economic'surpius
41. RTESS TOTAL SURPLUS IN_ENERGY SECTOR - MM$ @
w.GTESS‘: - AR ' , Total surplus

347

+ Table ALPC(ALPC LNTH)*Table DISF  Present value of economic surplus
. . o /o

((xx) t)*TESS(t)
-0

42, ROR(OCE)E LIMIT ON EASTERN FRONTIER RESLRVES OF OIL - MMB

/s

- TR(OCR)E-"V. ‘ ff v._fb . Total reserves : f‘/
+ D(COT)E(t) N - Sz Activities per period

-

- 4

43.)RGR(GWK)W ‘ LIMITS ON ALBERTA GAS RESERVES - BCF

TR(GWR)W . - o . R Total reserves (bounded)
- D(WET)W(t) . e Activities
. b . e | _ L
44. RGR(GFR)F  LIMITS ON FRONTIER GAS RESERVES - BCF SR
'—ETR(GFR)F_ f o Tobal reserves (bounded)
+ D(FGT)F(t) S  Activities
=; 0 " ~
45. RC(OSR) ~  LIMITS ON OIL SANDS RESERVES IN ALBERTA - MMB.
- PC(OSR) T , TotafEreserves (beunded}
o : i JE

bl

a
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46. RDPCI(t) ' DOME LNG CAPITAL AND OPERATING COSTS - MMS/ Y

e , R .
- L Table DPLG(CAP,PPL)*Table ACC(20,(XX))
o1 : . e
o ' pipelfne cap. costs

'+ Table DPLG(CAP,LQP)*Table ACC(20,(YY)) ~Liquefaction .plant cap.costs

+ Table DPLG(OPER,PPL) “,* . -Pipeline operating costs

+ Table DPLG(OPER,LQP) S ' -Liduefaction‘plant Qper.costs,:

+ Table'DPLG(ELE,LQP)*Table‘DELG(ELC;LQP) Elec.cosﬁs 4 ‘

;_Table DPLG(OPER,MGT)" o S Maring transp.oper.costs

+ Table PPP(PLGPP,i)*Table . o
GAS(ABP;i)}*DLG(i) | R . Gas costs

+ DPCT(t)' ‘ N |

.

47. RDPRV(t)  REVENUE FROM THE DOME LNG PROJECT - MMS$/Y

2

- DPRV(t) " .~ -~ Revenue g '
. o - ‘ ' ' '
L ;
+ I {Table. DPLG(GSEF,TQT)*Table Gas efficiency * Production profile
i=1 : o , S
o ?PP(DLGPP,i)*Table.GAS * Unit Price * Activity
© (LNGJ,1i)}*DLG({) '
- : o .
S ;
0BJ MMS : ;oo

g .
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L 2

SCENARIO #1: MODEL OUTPUT

OBJECTIVE FUNCTION VALUE =

162298 HM 1983 C»

TABLE
TABLE
TABLE
TABLE
TABLE
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INDEX OF TABLES

EXOGENEOUS DATA
REAL COSTS.0F CANADTIAN ENERGY
NATURAL GAS BALANCES

ALTA GAS EXPORTS TO U.S.A.
“SURPLUS® NAT GAS L1QUIDS
CONVENTIONAL CRUDE BALANCES
ALTA THERMAL COAL BALANCE
ALBERTA SYNTHETIC FUEL BALANCE
ALBERTA REFINED PRODUCTS BALANCE
ALBERTA HEAVY OIL BALANCE
ALBERTA CONDENSATE BALANCE
GPERATING CAPACITY LEVELS
REFINERY CAPACITY ADDITIONS

POWER PLANT CAPACITY ADDIT!ONSv‘
SYN CRUDE CAPACITY ADDITIONS

EO0AL SYN FUELS CAPACITY ADDITIONS
GAS PROCESSING CAPACITY ADDITIONS
'‘NEW ALTA PETROCHEMICALS PLANTS
NEW EASTERN PETROCHEMICALS PLANTS
PETROCHEMICALS nAngéTs

ECONOMIC RENTS

CAPITAL REQUIREMENTS ’

i}

TABLE 1 - EXOGENOUS DATA

B

. . _1.A " INFORMATION ON RUN
g DATE OF RUN = HAY 22784
NAME OF Run , Test ¢
DICOUNY RATE X ANN. - ‘ 5
" FRACTY ECON RENT TO GOVTY .95
_NO. OF TIME PERIODS o e
,'gshciu.br'or TINE PERIOD, YRS | &
%o -
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FINANCIAL RESULTS ARE IN CONSTANT.19.3 CAN. DOLLARS

1.8 ~ ESTIMATES OF CANADA'S ENERGY RESOURCE BASE
) NOMENCLATURE . )

RSV RECOVERABLE RESERVES (MARKETABLE)
. " epc PREPRODUCTION gxPLonArxou AND DEVELOPMENT
: COSTS FOR EACH UNIT OF RECOVERABLE RESERVES
oPR LIFTING COSTS PER UNIT OF PRODUCTION

(TOTAL COSTS FOR DISCOV. ALTA OIL AND GAS)

1.8.1 - CRUDE OIL

S ) : rsv - w © . ePR

C ) [ala1} $/BBL  —8ZBBL
DISCOV. ALTA OlL. 3100 5.00
TERT RECOV ALTA OIL - 1300 ‘2¢.80
UNDISCOV. ALTA OIL 1400 . . 28.00
PROVEN MIBERNIA OIL- 1500 5. 65 .90
PROBABLE HIBERNIA OIL 00D 31.00 13.00°
: 1.8.2 - NATURAL GAS
‘nsv' PPC OPR
) acF s/nCF $/nCF
PROVEN ALTA GAS 59040 .3
PROBABLE ALTA GAS 118780 T .80
PROB ALTA TIGHT GAS 187500 1.3 1.26
PROVEN SABLE 1. GAS 5000 .94 1.587
PROB SABLE 1. GAS 15000 1.32 2.20
: , : o
y.c - F6RECA57_6F':u:ncy PRICES "
NOMENCLATURE i )
owPT  MORLD OIL PRICE (TORONTO)
AWHP ALTA OIL WELL-HEAD PRICE
HEOP ALTA HEAVY OIL WELL-HEAD PRICE -
THCE THERMAL COAL PRICE (ALTA)
1.¢.1 - OIL AND COAL PRICES &
OWPT AuHE WEOP - ThCE
" ssanL /88t S/BBL . S/TNE
1985 35.82 3¢.03 s.00 8, 16" )
1991 37.45 35,57 e.00 LY
1097 L E1.T7 ’

30.72 . 6.6 9.19
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2003
2009
2018

1985
1991
1997
2003
2009

T 2018

1985
199
1997
2005
2009
2018

1985

1991

1997
hsox
2009
20158

f.l;'

46,058 43,96 .76
50.35 48,14 9.54° 10,36
55.06

52.463 . 10.69 11,00

1.C.2 - NATURAL GAS PRICES
NOMENCLATURE

7.17

9.67

Gagp éA; - ALBERTA BORDER PRICE
GAIN GAS - ALBERTA IND. PRICE
: GAEE ALTA ETHANE PRICE (FUEL, EQUIV)
G1¢6G GAS - TORONTO- CITY GATE
GABP GAIN GAEE GTCG
s/nCF s/ nHCF $/MCE $/MCF
2.83 1.70 2.83 “.08
3.4 1,98 3.1¢4 &.53
3.52 2.11 3.82 “.96 .
3.9 2.38 3.9¢ T 564
4.3 2.59° 4.3 5.95 '
e 2 -‘ 2.83 e 2 .50
‘.bas - NATURAL qig LTourDsS PRICES
NOMENCLATURE ) ) '
PETH - PRICE OF ETHANE (BASED ON
) ) COST OF SEAVICE) ,
PPRP . OFPORTUNITY PRICE OF PROPANE
CEXPORT . PRICE)
PBUT 'OPPOR*UNITV PRICE Of BUTANE
PCDS OPPORTUNITY PRICE OF CONDENSATE
- " tCRUDE OIL BLEND) '
PETH PPRP PEUT PCOS
crm c/n s$/BBL 8s/BBL o .
B.92 5.32 28.20 36.03 '
9.8 10062 20.70 " 235,87
10.62 r11.e2 31,88 39.72 1 '
1. 66 124 06 34.27 3,96
vz, 88 16,16 37.22 6816 o
¢3:587 15.48 Lo.71 52.43
PETH  * PPRP PBUT pchs
s$ImMaTu $/HnBTU ‘(Hnsvu $/nMBTU 5
3.99 6.32 6.70 " 5.87
6. 3¢ .93 "  7.0% .13 !
6.7 5,39 .56 6.85 )
5.23 5. v 8.6 7:si . -
; 5. 66, 6.56. 2.86 8.30
oo elom . . C9.06
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Y

1985
199
1997
2003
2009
2035

1995

199

19972

2003

2009

20158
H

TABLE

2 - REAL COSTS OF CANADIAN ENERGY

NOMENCLATURE

THE TABLES
TABLE 4&.A)

TABLE
LS

ALL VALUES
3.A

PEGF
PNGB
-PNGC
Ia/a

NGRB

NGRC
TNGR
“RREG
RRNGSB
EQNGC
TRAG

PEGF PNG
BCF/Y 8CF
2921 .
2712 - 14
1638 39
673 50

36
1s

ACAQ - AVER COST ALTA OIL
ACED AVER COST EASTERN OIL .
ACAG AVER COST ALTA GAS
ACEG "AVER COST EASTERN GAS
ACAOD ) ACEOQ ACAL . ACEG"
Y Y TR | " ssmcr s/nCF
7.04 zﬁ.i;' %9
12,66 27.37 1,07 { 2.74"
16.50 37,15 1.43 2,74 '
18,56 35.96 . 1.643 .v§.76‘
20.09 34,65 - y.93 2. 80
'22.08 T o¥s.07 . 2.83. 3.27

TO FOLLOW (WITH THE EXCEPTION OF
ARE OUTPUT RESULTS FROM THE MODEL

3 - NATURAL GAS BALANCES

ARE FOR MARKETABLE GAS

- ALBERTA GAS SUPPLY
NOMENCLATURE
PRODUCTION FROM EXISTING GAS FIELD GWA |
PRODUCTION FROM NEW GAS FIELD GWB
PRODUCTION FROM NEW GAS FIELD GWC
’TbTAL HAFKETABLE GAS PRODUCTION
NEW ADDITIONS TO GAS RESERVE GWB -
NEW ADDITIONS TO GAS RESERVE GWC
TOTAL NEW GAS RESERVE ADDITIONS
REMAINING RESERVES OF CWA GAS |
REMAINING RESERVES OF GWB GAS
REMAINING RESERVES OF GWC GAS
TOTAL uEprnxﬁc ALTA GAS K
~
'y PNGC TPRC -
Y BCF/Y BCF/v
’ 2921
00 w112
07 _‘ S B34e
95 T 8768
18 17858 5373
76 3s5a: . 8282
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w o,

1985

199
1997
~2003
2009
2015

1985

1991

1897
2003
2009
2015

1908
1991
1997

‘2003
2009
2015

NGRB
BCF
1643

©99480
7972

RREG
BCF
L1512
25238

16608

12570
12560
12566

PGAS
BCFry
2921
4112
53466
5768
5373
8242

8LGD

NGRC.
. 8CF

18205
5708

18297

2589

RRNF B
BCF
118750
110351
se508
56336
36629
25183

TNGR
BCF
1643

9968
23177

5708
18297
25891

RRGNC
BCF

187500
187500
187500
187500
176972
156967

TRAG |
BCF
367762
323089
291016
256406
22461469
192716

3.B .- ALBERTA GAS BALANCE

NOMENCLATURE

PGAS
GRRC
GREE
GRNE
EGCHN
EGUS:

GRRC
BCF/vY
283
331
372
L1
&b
72

ALTA MARKETABLE GAS PRODUCTION

ALTA DEMAND EXCL ENERGY‘!NDUSTRY

ALTA EXISTING ENERGY INDUSTRY DEMAND

“ALTA NEW

ALTA GAS
ALTA GAS

GREFE
_BCF/vy
1514
160
144

59

ENERGY INDUSTRY DEMAND

TO EASTERN CANADA

XPORY. T0O U.S.A.

GRNE
lcr}v
36
130
200
556
746
»3s

EGCN

BCF/v

1075

1247

1400
tezo
1717
1822

EGUS

BCFrv
1000
1773
2500
2300
1944
1620

{EXDG)

3.C - SBABLE ISLAND GAS SUPPLY
NOHMENCLATURE

5LGD LOW COST SABLE ISLAND GAS DEVELOPED

SLGP LOW COST SABLE ISLAND GAS PRODUCED

SLRR LOW COST BABLE GAS RESERVES REHAINING

‘SMGD MIGH COST BABLE 1SLAND cas ozv:xon ),

SHGP HIGH COST SABLE. 1SLAND GAS ‘PRODU

BHRR HIGH COST SABLE GAS RESERVES a:pﬁ%ﬁ}

: . )
sLGP ‘SLRR SHGD SHCP : HRR
BCF/v Bcr BCF BcFsy S BeF

BCF
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: . ' : » . 354

‘19858 5000 : - 15000

1991 IETIER 15 6850 15000
1997 1278 150 3650 o . " 1s000
. . 2003 1497 225 2300 - 15000
' 2009 ) 1004 216 1016 - ) 169 1 1934
2015 e 320 1360 109 14280

3.0 - EASTERN CANADA GAS BALANCE
NOMENCLATURE

EAG- GAS FROM ALTA 10O EASTERN CANADA

. sIT SABLE 15LAND GAS 'TO TORONTO AREA
RGD EASTERN DEMAND
FNG SABLE ISLAND GAS PRODUCTION
MRO MARITIMES DEMAND
EXG EXPORT OF GAS T0 U.S.
EAG s17 RGD FNG MRD " EXG,
BCF/Y N BCF/v BCF/v BCF/Y BCF/YV
1985 1075 © 1o0s2 '
1991 1217 ‘ EREE T 75 75 '
ot 1997 100 - 1366 158 EYY)
| 2003 1620 . VvsBD - 225 - 219 RS
? B 2009 1747 1677 228 224 1

o . 2015 . 1gz2- 1701 225 225

.YABLE & ALTA GAE EXPORIS T0 U.S5.A.

' - . . NOMENCLATURE

HARKET REGIONS

NE ~NEW:. ENGLAND .
1. .. HA " mIpDLE ATLANTIC
. : ’ . ‘. EN EAST NORTH CENTRAL. ) ]
WN WEST. NORTH CENTRAL S v C -
" o : nt MOUNTAIN .
. : (7 CALIFORNIA
PN PACIFIC NORTHWEST
' -
- . . 4.A - PRICES IN MARKET REGIONS (EXOG)
NE na : EN N mt ca - Pw
) U.S. B/MCF  8/nCF°  §/NCF s/nce s/ncF .t/ncf‘ s/MCF
1985 «.00 .00 6.80 4.00 4.90 "4.00 . &.00
1991 .00 4.00 L.00 «.00 4.00 3.80 ., 3.s0
1997 ".50 4. 5D 4&.50 L.50 4L.50. L.50 L.50
.ipoi . 4. 80 .50 «.50 4.50 L.80 &.50 4.50 .

2009 5.00 5.00 5.00D '5‘.00 5.00 5.00 5_.00




»
2015

1995
1991
1997
2003
2009
2015

1985
1991
1987
2003

2009

20158

5,00 5.80 5,00 5.00 5.00 .00 s.n\\
4.8 - ALTA GAS EOLD IN MARKET REGIONS
NE nA £N N ny ca PN
giCF/Y BCF/Y RCF/Y 8CFrsv RCFrYvY BCF/Y BCF/ Y TOTAL
0 200 250 X 150 200 420 1000
70 208 6«38 100 sio0  ase 160 1773
38 32% .DQ ' Lho 350 L38 100 2500
on 300 (11} Iy} 350 410 100 2500
65 249 550 400 300 285 ‘ s 1944
550‘ &L00 300 275 95 1420
\

TABELE 5 “SURPLUS" NAT GAS L1QUIDS
. "tAVAILABLE FOR EXPORT MARKESTS)

.
NOMENCLATURE

ETH ETHANE

PRP . * PROPANE

BUT BUTANE

cos CONDENSATE

ETH PRP © mut cos

Bu/Y éﬂ/Y HMHMB/ Y HHB/V
Azls 6.5 20‘.2 25.1
3.6 ’.s 28.5 15,1
..7 1102 T 39.0 16.9
6.5 10.9 S 42,8 20.9 E N
6.3 A 37.6 C 380

R 3.1 7.0 3.7  z9.2

TABLE & - CONV CRUDE BALANCES

4.A - ALBERTA CRUDE BALANCE
: NOMENCLATURE - : o
PCRA ALTA CRUDE PRODUCTION
PCDO CRUDE FRON CONDENSATE POOL
CEAR _CRUDE USED 1IN EXISTING ALTYA QEFINER!ES
CNAR CRUDE USED IN NEW. ALTA REFINERIES
EXEC '~ CRUDE FROM ALTA 70 EASTERN CANADA °
EXUS EXPORT OF ALTA CRUDE TO U.S. h

PCRA - PCDO ' CEAR’ . CMNAR © EXEC EXUS

e
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’
nns/y nRB/Y nrasy nnB/Y nHB/ Y nRB/Y
1988 317.¢ 25.1 % .5 205,2 50.0
199 214, 2 15,9 V1.6 101.9 26.6
1997 163.0 16.9 117.7 2.6 18.6 50.0
2003 127.0 20.9 €2.4 70.1 .0 38.1
2009 95,9 38.1 .0, 7o .8 37.8
2008 662 29.2 .0 .0 a e 2.8
4.B - HIBERNIA DIL SUPPLY *
v NOMENCLATURE
HLOD LOW COST HIBERNIA DIL DEVELOPED
HLOP LOW COST HIBERNIA DIL PRODUCED
HLRR LOW COS5T MIBERNIA RESERVES RERAINING
HHOD HIGH COST WIBERNIA OJL DEVELOPED
HHOP HIGH COST WIBERNIA OJL PRODUCED
HHRR MIGH COST WIBERNIA RESERVES REMAINING
HLOD HLOP HLRR HHOD HHOP HHRR
. "nMB MMB/Y HHB MHB MHg’yY mnB
19858 521 37 EIRETY) : L0po
|9915) s 75 03 A %000
1997 366 L2 T 365 1031 72 3566
2003 03 ips ., 617 107 2926
2009 15 16 98s © 13 21158 .
2015 3 . © 702 135 1307
4.C - EASTERN CANADA CRUDE BALANCE
’ NOMENCLATURE
OILF FRONTIER CRUDE PRODUCTION
EACD CONV OIL FROM ALTA .
EASC SYN CRUDE FROM ALTA
101L IMPORTED OIL
RN
OILF EACO © EASC” 1011 " tovat
nrB/sy sy MMB/ Y nnB/y nHB/Y
1985 36.5 . 205.2 .. s .2 326,90
199 75.0 101,90 .0 150,08 | 326.9
1997 150. 9 18,6 30.9 127.3. 326.0
2003 150.0 .0 . 135.8 32.8 318,86 )
2009 150.0 ] 192.7 ° o .0, 362.7
2015 137.3

.0 237.2 v’ -8 376.6

TABLE 7. ALTA THERMAL COAL BALANCE
NOMENCLATURE

PCTS  ALTA THERMAL.COAL PRODUCTION
S I .

-
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1985
1991

1997
2003
2009
2015

1985
1951
1997
2003
2009

C 2015

1985
1991
1997
.zﬂﬂs

PCTS
X1/v
13.3
185.0
\ 21.9
28.1
32.%
36.3

HOSS .
LT YA2

0.0

3.3
159.0
239.0
279.0
319.0

DSWR
AnBY
17.2
17.2
28.1
31.7

cPuWC
CAMN
cecL
FEGC
CEXP

cPut
Ktsv
13.3
19.0
21.8
26.5
30.9
344

TABLE B -

COAL FOR POWER GENERATION
COAL FOR AMKM AND MEO PRODUCTION
COAL FOR COAL LIQUEFACTION
COAL FOR COAL GASIFICATION
COAL EXPORT (EXOG)
cAmm cecuy csGe cExP
K1Y XTrsy K1/'y XT/v
.0 .0 .0 .0
.® .0 .0 .0
.0 .0 .0 .0
1.6 .0 .0 .0
.
V.7 .t .0 .6
1.9 .0 .o .0

ALBERTA SYNTHETIC FUEL BALANCE

NOMENCLATURE

HOSS
jess
1087
EBLP

MOUS
sCCL
USHWR
DSEC
oSus

MINED OIL SANDS S¥N CRUDE

IN §1TU OIL SANDS SYN CRUDE

IN SITU OIL SANDS BITUMEN PROD.

TOTAL OIL SANDS PRODUCTION A5 FRACT.

OF EXOGENDUSLY IMPOSED LIMIT

BYN CRUDE VIA HEAVY OlL UPGRADER
SYN'CRUDE FROM COAL LIQUEFACTION
DEMAND FOR SYN CRUDE - WEST REFINING
DEMAND FOR S5YN CRUDE - EASTERN GANADA
DEMAND FOR SYN CRUDE - EXPORT TO U.S.A.

B.A - BUPPLY OF BYNTHETIC CRUDE

108%S 1087 SBLP HOUS' scCL '
HHB/ Y nHB/Y nrBsy mMRB/Y MR/ Y
. .0 15.0 1.0 .0 e
.8 .D.0 .9 .0 .0
.0 0.0 1.0 .9 .0
17.9 S120.0° 1.0 11,8 .0
3.1 160.0 1.0 16.3 .0
e7.0 160. 0 v.0 20.3 ) i
8.8 - DEMAND FOR SYNTHETIC CRUDE
DSEC bsus
nHB/ Y MHB/Y
.0 “2.9
.0 74
30,9 190.0
1359 180.0




=N

£

5.9 192.7 10D, 0
2015 9.0 237.2 RLLEY
s "
.
L]
TABLE ¢ - ALBERTA REFINED PRODUCT BALANCE
NOMENCLATURE
Gst GASOLINE
DIN DIESEL . TURRD ,NAPHTHA
HMFO HEAVY FUEL OIC
ASP ASPHALT
PLY REFINERY-GRADE PROPYLENE
9.A - PRODUCTION FROM ALTA REFINERIES
GS5L DIN HFO ASP Ll
[1a]: YA [o128: 7404 nMesyY MMB/Y KTsvY
) 54.7 7 L2.2 3.8 L. 6 143, 6
1991 e..7 9.6 6.& 5.2 168,85
BERELT 71.7 7.9 5.3 ’.s 195.8
f_zno;% 58.0. .8 5.2 6.2 19¢.3
2008 s¢.8 9.2 ¢.3 .9 190.6
Cozavy $6.6 71.3 .4 7.4 197.6
9.B - FRACTION OF DEMAND MET BY PRODUCTION
‘ 6stL DTN HFO ASP
1985 c v 27 1.00 .76 1.00
1991 1.8 1.00 S 1.00 g
1997 1.7 1§in ‘wn 160
2003 1.2 |ﬁpn Y 1.00
z;jqoo,§ 1.62 \.}c Y 1.00
215 142 1.00 ek 1.00 .
A b
e ecemgmremmemmmm——mm = cmmmm = R mm——e-
. T :
YABLE TO - ALBERTA HEAVY OJL BALANCE
NOMENCLATURE s '
o PHEOW ALTA WEAVY OIL PRODUCTION
. 5 HDX MEO-DIL EXP. U.S. .
* . 817 817UNEN (DIL BANDS)
80X B17-DI1L EXP. U.S.
2 DA B17-DIL EX-ALTA
' HDA MEO-DIL EX-ALTA
N
PHEOW HDX It BOX 80DA HDA
MHB/Y nnB/vy MRB/Y LI YAY T Anssy L] YA

e



. ; .
T 59
' H .’“ . ’
g |
B ‘ -
! . :
; . i .
h .
j - v :
: 1?:5 32.2 21.0 15,0, 22.5% ) 1.6 Co
RS X TS 27,6 15,0 S 60,0 s0.0 16.4 |
;o 19907 29.60 18.9 80.0.+  120.0: . 16,6 1
2003 30.3 .o 12000 14600 16.4 A
PN
2009 38.0 .0 140.8 ‘3.9 16,6 :
2018 3.2 .0 10,8 - 18é.2 . Y 6.4 '
" 7 p&'; ' ’ ¢ N
.
- . [
o .
_ 0 JABLE 11 - AUBERTA CONDENSATE BALANCE . \
. ° R . | b . . .
§ . ” : v HOMENCLATURE . ‘ ‘ .
. , ‘ - . . e
PP CPsNG ALTA CONDENSATE PROD FROM NAT GAS
' . 3 . R R . .. X .
; ‘ ¥. ¢pBDX CDS INGBIT-DIL EXP U.S, ) .
) . e . s coHDX CDS IN HED-DIL EXP U.S.
> . + R " . . f
: ) ; CDHOA €D IN HWEO-DIL EX-ALTA : St
. . cDBPA . CDS IN BIT-DIL EX-ALTA ° . Ce
‘. ' * ’ .o - ' . . N - !
. . CDSNG' “edBOX . EDHDX CDHDA . COBDA :
) nrip/y ‘nnss¥ nResy HMB/Y nnBsy o Coo -
1985 ©3.8 L 7.8 4.8 7T 3.8 !
- g - 1991 7.1 20l 3. 3is :
' . 1997 PP &0, 0 ;2.8 3.8
. - - v - 1
’ _.7o2003 74.0 «8.7 3.8 :
. 2899 70,3 28.0 z.e
. ; ; : . ,
- 2015 8. 4 354 3.8
- . - ‘.-‘ . . | N '
¥ o oo : s B
M N ' L. Il .
N - I » - ,:'n, R . ‘
a4 . . R e ‘
. IS gyt - N
’ i e “ -
’ R Ke . {
D o , . 1 1 -
1 TTABLE 12 - OPERATING CAPACITY LEVELS -’ | - , ;
, . C - Lo . R LR
. \ . +2.A - EXIETING ALBERTA ENERGY PLANTS. . ’
: A N NOMENCLATURE - . Lo -
w . ° e W , : R . X o ' ~
’ ’ S . : RHR . HIGH GASOLINE i .
o 'y . : e . :
SR o RHE MEavy OIL r
: ot ’ ¢ RSN . BYNTHETIC-CRUDE® = . .. g ; TP
. 3 : a R s ) K v : ! » X
- L e GPx o YY gAE BTRAD -BLANT CEXIST) | . .
’ : L BPF s FIELD PLANT WITH 360 BCEsY . R BN \ .
PN : . v . c . o - .e
:,. 5 ' N ) . : Sy . B . SR . < < ‘
; e . © 12.A.1 - CLASS. EW) ENERGY FPLANTS . . ; B ;
‘ o PRODUCTIEN AS A FRACTION OF CAPACITY K ' . ' .,
: . B P . =
A ' o . AWA RHE REN - GPX GPF
° g i . B v S i . R
: 1985 ;80 J39 ] 1.9 L0 .. .97 . o
® LSRN i ‘ . " . ‘. :
M o 1997 .97 &0 L1, 00 .80 1.00 - N )
o f S R . A Y
- S R = - . . ‘ [
;o S . , . . ~
T 1997 1.00 . 1.00 .80 Ry 1.00 . '
P e 2003 .36 S T i 1Y Y PN 13 -
’ 2008 00 ce0 .ue .60 . ' L00 !
. o .
3 i «
" .’ .
-l . ‘e A - B .
X . , ~o R :
S : - : : .
; N . . e ‘ .
, : L ® P .
! , bl " L . . o
4 % i < S k
N . C o : ° . ~
. B A 2 . s } - .
. N . ; . - - . oL .
RN . T B = - ;Sv o .
FRE ! R . ’




S : '360

S . )
' h ' ‘
K‘ . .\4 ”
B ' . ' ¢
2015 .00 .00 .00 ‘oo oo .
. ‘ ‘ 3 :
‘ " NOMENCLATURE :
i Puc . COAL FIRED " :
L RWG ‘GAS-FIRED ' ‘ S ‘ '
‘ HYD "HYDRO-ELECTRIC
. OSsH MINED OIL SANDS. ,
. . o v
. . S i . .
12.A.2 ~ CLASS EWZ ENERGY PLANTS . Ce
. .o . i
: . PRODUCTION AS A FRACTIDN OF CAPACTTY o
: . - . = 3 A -
. Puc PWG HYD osn ¢ L o ‘
1985 1.00 Leh 1.00 L1.00 -
1991 1,00 65 Ct.e0 1.00 A
1997 - ; e1.00. . .30 .00 1.00 - ST N
. ) . N ’ . . A q
* " 2003 .36 <27 B W36 Y e : !
’ * - 2009 T oo o0’ T :
- A 5 . i
2015 .00 .00 .00 .00 o .
.. . » -
; Y. ] sl
s . - . ; ., - o I3
* i ! NOHENCLATURE . L S A ]
AMG ¢ . AMMONIA FROM GAS B
: . nes METHANOL FROM .GAS |
! f A | .
. pott . MED NWETHANDL TO FUEL
MR a
s T “ETE ETHYLENE FROM ETHANE
. C e
. . R B
¥ . ' . c
* _ ; 12.A.3 - CLASS EW3 ENERGY PLANTE S
T B ' PRODUCTION AS A FRACTION OF CAPALITY. v :
@ B K t ’ - Lo . , « E )
» § PMED ETE . ;
] > s : Do o
) ® 228 o e ﬁr :
. o" ’-£5 5 '.'“ "“P' B
. > KRR ¥ Y
s K L8 TS
K<\5Jrr. .83 $oe i
L v AT A L
4 .90 .00 Lo .
: ) , - Lo
: . NOMENCLATURE ~ . )
o _ oo . - N
LPE LDPE FROM ETHYLENE . - > ]
. N * .
y- EGE . ETH GLYCOL FROM ETY ° -
) ‘ “\ vcE - VCH FROH: ETHYLENE
. wmet . TVAM. FROM MEOH B . ETY
. v , _ .
- (/ﬂ SES . ~STYRENE FROM ETY & BZ } .
B :‘ N N q .
: 12.A.6° -~ ‘CLABS EW.L ENERGY PLANTS , . < .
P PRODUETION AS A FRACTION OF CAPACITY . R o . T
. g FEEERIEPLIN - o S A -
C ey LPEC EGE . VCE vne ses L
;/ 1985 N1.o00 R iR D4.0D 0 1,00
e 1991 .00 1,00 “h.op
. 1997 . .00 1.00.° T 1.00 .
- L . . T
%0t . TR ¥ R © .36
. \\\2no¢ : :nn +u0 Jotee
5 : N o201 1Y NS TN
’ . B - o i
.. . ] &
: e - )
3y ’ L
. . .
, 3 . o ; -
2 : R
- », ' 3. ’
N v g )




Q’Av

&

1«

K& B
LA
W M (
] . ,,,,'- . ¢
i . 12.8 - EXISTING EASTERN CANADA PETROCHEMICAL PLANTS
e - . S
¥ X . @ NORENCLATURE | , .
X f:.h"\«" RNA ' ’ '.v THERICAL-TYPE ' '
‘ ANG R AMMDNIA FROM GAS S i '
o ETF ETHYLENE FRQH NAPHTHA. ’
‘ BEC 81X  FROM OTHER L :
' ' ' PEC > pROPYLENE FROM OPHER PL ‘
‘ o ¥2.B.1 - CLASS EE1 ENERGY PLANTS
L o . 'PRODUCTION AS A FRAC‘I;ION OF CAPACITY ‘- ) .
RNA ARG e BEC PEC’ '
1985 .20 B2 BT . .00 .ed
LY 20 LY 00 Y .00
' 1997 .20 1.00 - . .08 .80 .00 . )
2003 .07 R T3 .21 S0 .00 . )
200§ .80 i00 Y .00 N v
S2045 .00 .00 .00 .00, .00 .
wonencLATURE ﬁ‘}; ' A ) )
€GE E7H GLvEOL FROM ETY - p .
. HPE . RDPE FROM ETHYLENE ' b
- LPE . LDPE FROM ETHYLENE .
. VCE, ' ver FRON ETHYLENE W a
y2.B.2 - CLASS EE2 ENERGY PLANTS
R VFPROIIJUVC‘TXO'N'A:S A En,AcT’;o'N. OF CAPACITY
' £cE WPE LPE VCE .
’ 1985 .00 P TI .00 .00 : .
T yeed .1 e, - .00 LoD i
1997 .00 .00 "L 00 » .00 )
. ‘2003 Y .00 .00, " .00 ' - /
-~ 2009 .ee .00 .00 S .00 '
' 2075 .00 Y .00 .00 ‘
\ y ' ;o '
- "”""“""'"."i'T'"""\"7""'"""'"'"""""'f : o ,
o ! TABLE 13 - REFINERY CAPACITY ADDITIONS ° :
" MOMENCLATURE ’ .
A\- RHN WiGH GASOLINE . .
. " P a4 MEDIUN GASDLINE '
RHE MEAVY OIL . -
.- RNA 1 ' v CNE»H!FAL-TYPE» ) X - o { \
’ REN - SYNTHETIC-CRUDE, . S &
. . . - : LI . N A =]
‘343.A - INCREMENTAL CAPACITY :oonxon\s ’ ‘ ’
L] rMM RHE CTRNA 'ﬁ?f,’u‘su ’ ﬁ » . N ’
¥ . : i ’
kY L 7
- o o



. . .|
k — .
' T, 9
* 1 m
' . nHB/Y nrB/Y nHBsY rMBsy nHB/Y
1985 .0 .0 .0 .0 .0
1991 : .0, o0 .0 .0 i B
1997 .0 2.9 .0 ‘.0 1.8 L
2003 .0 73,2 2.3 .0 14.9 ,
2009 .0 3.8 . 5.0 .0 2.5
2015 .0 1.8 .8 ‘e ..
. B -
.
N
P 13.8 - CUMULATIVE CAPACITY ADDITIONS  °
b K / . ) R Z r
RHP /MM RHE RNA .- RBN
o' L MRB/Y HHB/Y LLLYA2 AnNB/Y MRB/Y .
: ress .o B R .0 .0 B
1991 o8 .0 .0 - .0 .
. 1907 ey L zee .o .0 10,9, | ' -
2003 Lo A 70,2 2.2 N’ 258 : ‘
R - B
. 3 |
‘ 2009 .0 7945 7.7 o 5.8 L
2015 YEL "9 81,0 8.7 O 9.0 .
] e | L. X o Y
t ’ ¥ ‘ ] . . .
. N ‘ ..
R e ————— S S AP oY SN .
,;‘-!" . .
. 14 - POWER PLANT CAPACITY ADDITIONS
By & NOMENCLATURE . ’
I PWC COAL FIRED
w PWC . AS-FIRED
- v ’ '
4 HYD HYBRO-ELECTRIC ]
! o : R
' NCREMENTAL CAPACITY ADDITIONS 9 ’
- : - ¥ o -
PwWC PHG HYD
. BKMWHZY BRWH/Y BKWH/Y - . .
- .. E o
1985 . .0 .0 ! )
1991 N M| .0 . .0 .
1967 5.9 L0 .0
2003 . 22.0 Y e .
2009 7 4.4 .0 8
2015 12,1 .0 e . N )
.t ; ¥ I, >
"16.8 - CUMULATIVE CAPACITY ADDITIONS .
. ’ PHC Puc HYD ' - o
.
BKWNH/Y BKWH/Y BKWH/ Y . ) .
- 1985 10 .e0 - .00 K :
. 1991 7. 600 .00. »qun’ 7
1907 13046 .00 ST . .
: g . ‘ : C
}%ﬁ% 2003 36.40 Y Y T h
4 . ) B '.‘ ) - L)
Rt ' 2009 «8.80 .8 L.00 z :
2018 86,25 .00 D 1) T . ) R
. . . N » B ‘>
. W3 ) . ' P
. ~ M L 4 b :
SR ™ :
L i B v O .
.. - \ s E
1 ! E) )» .
‘ s I A
) . N " . ~
A R ' : v N
- 7 .o
‘ , N
™ S -
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TABLE' 15 - SYN CRUDE CAPACITY ADDITIONS,
. ) \NOMENCLATURE | ) i
. osn . HINED OS5 BYNCRUDE ) -
oS 2 INSITU. OS. BITUREN' | . . » :
082 INSITU O BITUMEN T ! 2
, 161 INEITU DS SYNCRUDE. !
1c1 llNSI'TU\.DS'SVNC(OCQAL) O
oLl COAL LIQUEFACTION ‘ - - .
: | .
RUB BITUMEN UPGRADING
J 2 l ,
HOW HEAVY ‘011 UPGRADING , v
. 15.& - OIL “GANDS & coﬁx‘ohxo PLANTS
b ' Y5.A.1 - INCREMENTAL 'CAPACITY ADDITIONS i " .
: . ' ’ o '
UNIY BIZE: 100,00 ‘BBL/CAL DAY - , ;
051 o 0s2 16 R 1cH cLl
S Le0" - : .00 .00 .
oo Y Y .00
Lo .80 . .00 " .60,
LI o, .00 B Y ] .00 S & '
SoLes oo Y.es o B0 . s
v.z? . Y o .00 =
. R - - . ! e , N
N RN . Z}'
. . i N . R -
. . 15.4.2 - cunun.ng‘g& CAPAEITY Aonnionga“ . v
2 UNIT SIZE: 100,00 BBL/CAL DAY i) &
ost os’y _esz. 161 o1c Y. % g o L . #&
. . Spp e : AN
1985 .03 LA . eon Jo0 1‘ .00 boo. — L& b
L1991 - .95 i.10 N1 ) .to .00 S.00 . , N
1997 2.75 2.19 .80 .80 " .op ) .00% -
2003 5.97 3.19 .1 Y | .90 - .00 : S .
o . 1 - .\
2p09 7..84 2.87 .o R Y NI N T T R
$ ‘ PN L ' o ¢
2015 8.7 g 2,18 7 2 b e .00 L e e o < B
- ‘4s.s - upcrAgERS. 7 . e
N . € K . f
35.8.1 - INCREMENTAL CAPACLTY ADDITIONS . ;
UNIT §1ZE: A0D.00 BBL/CAL DAY ) ‘
. Ll .t 1 .
RUS HOU : '
- -
1995 .08 .0 - o
| . \ B . .
. 199y, 200 .00 ) B
1997 , 80 oo o o ) o .
2003 .53 .37 ' ' ¢
2009 1.33 C M2 , . 7 '
‘2018 oo N 12 ) & .
\ ). . ' - [ .o ' W g
. 18.A 2> CUNMULATIVE CAPACITY ADDITIONS : 5
Al . 3 ¥
UNIT SIZE: 100,00 BBL/CAL DAY s ‘w. .
" e N TS
i . S . . +
& -
* ’ : ! . 4 . ' o &
< B HEREMN | - "0 [
. i " ot A
. ” | ; :
» * b < S
o = . ° o
‘1: ,— o .
E) : g N 4 "
. - - R g



.
* @ ' » |
r
[ . B
rus HOU
19858 .00 YT ) S o . .
L w190 .0 Y )
t }J'e
. 1997 .80 Y i
o . 2003 .7 J34 )
. 2009 v.73 Y] ’ X
- w -
2015 1.86 5 .en =
__,,____-_'_..v_ _____ - - - . - - - - - J’
o
o . ]
: 1AaL: e .
SYN FUE}S FROR COAL- - CAFK"Aboxwxou X
ND nsu SYNTHETIC GAS FROR CDAL
. *
e !U]LT In PLANNING PERIOD .
4&';
o 4. v
% : :
r
. * *
] N
‘0
N | GP3 § DEEP CUT ETHANE :
b ) - g .
. ‘ ’ v
N 17.A ~ INCREMENTAL CAPACITY ADDITIONS -
. GPs GPF GPB GP3 : . .
i TBCFsY acF/v /)
! : 1985 25758
1991° ®12.3 . . < .
1997, 1050.4" : . . ’
A B ¢ " » + e
B R 2003 :349.5 - ' .
' 2009  1671.e ' ,
<
2015 85%5.2
o 17.B - CUMULATIVE TAPACITY ADDITIONS
¢ , GPE *.. . TPF GPE . GP3
- BCF/Y” e meFsY. BCF/v ‘BCFsY . \
) ’ . . R ]
1985 - 2349.8 .0 20935 ) . o, w -
i . . .
1991 3415.2 A | .3017.8 k t
© . v -
1997 “L56.5 200y 39852 ) - ) ‘e >
. ) Vi 2003  4705.5% .0  4157.0 - . : ) T
) 2009  &181.7 . I TR N PP < S , o
; ‘2018 © _3932.%1 - .0 3673.7 o : o -
: 5 A . : . o o N -
RN . . .
: ? ° \ . . : .
+ . N * -
- ) N - . T, - N ;
. - . e . ' . . .
o , ‘ - o >
. ) s ¥ 33
4 “,'
' »
. p ’ Al
. ,
. N ¢
- . s : N
i ’ . ! R
t A . "
‘k' s N — . . . .
: ; . o
. D) . - )
“ * ~— " ) .
- v @ : 3
' » . L] o~ Bl
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) TABLE 18 -~ NEW ALTA PETROCHEMICAL PLANTS, N
v L o . . B
X ’ . ) » .
o 18.A < AMMONIA &8 METHANOL CAPACITY ADRDITIONS B
AN . v .
NOMENCLATURE ‘ : : . ' /
N B . Ve . .,‘ .
‘ AnC AMMONIA FROM COAL 4 .\ g
, ANG AMRONIA FROM GAS - ’ S . )
nee METHANOL FROM COAL oA
. " MEG METHANOL FAON GAS : 3 3
: At .
- neEon . NETHANOL Y0 FUEL ’ R -
v e : ) N A
18.A.1 - INCREMENTAL CAPACITY ADDITIONS
AMC AMG nEC REG mED ' e :
: X1ry Ty KT/v XT/v .
A . o
1985 .. .0 .0 R T .0 - .
- 6 ! - o S - 1.
) ' 1991 .0 93,8 R | SR S .
. 1907 4y “19.0 . .0 o0 .
. 2003 . S0 1943.3 TS ] - .0
2009 .0 . $055.4 ‘.0 I S
. 201§ .0 702,11 101.9 "0
- ' - . r
G'M.ﬂ, v w5
. .
: 18.A.2 - CUHULAYIVE*qépAc:}y AQDITIONS
AMC ARG nEC REG ] . ¥
KT/Y¥ K1/v CoxTsY L KT/V xTdv .
. 5 . o
L198s .0 .o - .0 .0 .0 A }
“ , - o~ ’ .
199 .0 6383 4 .0 .0 .0 W
1997 .0 1679.3 .0 .0 .0 .
N . - ) .
zoosghle .0 2000.4 Tn.e o sed.s N . .
.'2009 ' .9 3985.6 sep. V" 1172.7 g O S
cg zo1s W .0 4162, 8 %61.9 . 1221.3 " - e &]
. ‘o . s
¥ .
‘ o
» . ,
—-—--------——-—-------——----i._‘—-_-——--—-—-—-----»—--—-—--—
,
‘ .
1B.B - ETHYLENE CAPACITY ADDITIONS .
: ' NOMENCLATURE _ ‘
ETE - ETHYLENE FROM ETHANE -
N
ETP . ETHYLENE FROM PROPANE
EFE WLENE' FR ETH 3 PRP .
- . o o T ” . .
: “a
’ . INCREMENTAL CAPACITY ADDITIONS
- ETE EPE ’ o
. »
. XYY KT7y X1sv , . '
P ‘ . ) )
. 198 178.1 s Le 220.6. - : : . B g ' .
L1993 509.5 .0 304.3 ' ;
: 1997 152.8 .0 578.1 U S . . Qo
R . e . . . . . . ) N i
‘2003 08,3 .0 8585, 1 1 L
s . R .
2009 $95.7 .0 5sp. 8 . ‘
- ’ . T ey
.- . N xsg .
D v 3450
’ ot ; ) . .
) . 3 .
N AR )
1 ; ’ -
s
B ‘ -
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# - n :
; a ‘ ’
.
. 1 ,
L2
. .o ’ . ¢
" 20 p L9164 w? .0 310.1 i
4 ’ 18.8.2 - CURULATIVE cu\c\iry AGDTTLONS
£te £Tp EPE 17 S )
. . il d
. XT/Y XTIV KTV K1/v .
A “ ‘ .. . B » P
‘ 1985, Yes.e . 1 Lo 203.0 N ! .
1993 TV - .0 s02.4 .0 ‘
1997 ozay 0 1058.7 .0 ' '
2063 1570.8 Lo Nep2.6 .0 . . ’
B 1y T R,
o 011.7 . Dy %60, Lo . : . L
: , 2009 2011 m,ﬁ* 1960.9 0 : . 2
20158 2073.8 0 21648 - N R L
" . ~ - N " ’ . '
b
15.C - BIX. PROPYLENE & BUTYLENE CAPA ADDJII1ONS
’ b - ’ A f e :
NOMENCLATURE. o &
: N vi;y‘ S e et SN RN : i
. 8ZN BT FROM HEAVY OTL . . . S g W Lt
szc BTX ~ FROM CONDENSAT " - ¥
. . . . * .
‘ 23 PLP PROPYLENE FROM REFINERY
g . 'S RS
i B7B BUTADIENE FROM BUTYLENE .
. : () ‘ b
v R 18.C.1 - INCREMENTAL CAPACITY ADDITIONS
. ’ N ' ¢
e . B2ZN pze™’ PLP 818
| xisy ‘K‘!/V X3/Y KTsy
19865, [ | ?.0 .0 103.6 . K
1991 .0 12,2 ) 9.5 . -
L1997 .o .0 "o 86.0
2003 .0 .0 . . 2.4
2000 .0 .0 .0 230.8 - )
2015 N .0 0 T27.2 o s i
. . , o~ :
\\ ¢ 18§€.2 - CUMULATIVE CAPACITY ADDITIONS ’
_ B2z szc PLP sve ‘
’ K1sv K1sy S TAT 3 P2 T e Y .
. - 1985 6.5 S | Ces.3 ) : 5
1991 T C 18,2 P 192,33 . el BN
I - i
N L - . ) -
1997 19.2 .p T1e7.3 -
§ .
2003 19.8 N ) 192.1 :
‘2009 12,5 - .0 324.2 . . ! .
S 208t 1.8 ‘o 361,80 . «
. ’ :
. .
. ""’""'v'"'."""‘“"""'“'““"'"“"'"""’“""“",
Ca . 3 . - ) . . ‘
. 18.D - ETHYLENE-BASED PETROCHEMICAL CAPA ADDITIONS o
o NOMENCLATURE o : ,
L3 . + N . . - - . E . : -
, ’ -
: v
. .
. . <
- v . '. T




e/

WPE ‘HDPE. FROM ETHYLENE

LrE LOPE FROM ETHYLENE -
EGE ’ ETH SLYCOL FROM ETv

veE T VEM FROM ETHYLENE

19.D.1 ~ INCREMENTAL CAPACITY ADDITIONS

HPE LPE EGE - VCE
XT/Y KT/ X1/v . Ky
290.4 382.2 ) .0 51.5
3311 tos.s e 202.0
AXY IS 2849 1647.9 139.90 .. ’
167.8 399.6 31,0 295.9 -
T8V .4 549.9 1720 232:0
40Y. 8 3m5.1 6.0 231.9 :
N
I 19.D.2 - CUMULATIVE CAPACITY ADDITIONS
U owpE v weE £GE VCE ‘ !
URYAY L KTsy KT/Y xtsy - '. » o
2¢7.2 . 324.8 .0 07,6 .
$95.0 $24.0 ol 237.¢
775.0 $00.0 1868 381.¢
925.0 1278.0 “e1,2 (YIS
1048.0 18200 65,0 8.6.0
11280 7 1e1s.0 80.0 ®02.2

18.E - MISCELLANEDUS PETROCHERICAL CAPA ADDITIONS
NOHENCE:JURE

pPP - POLYPROPYLENE FROM PLE
(13 ' STYRENE FROM ETY & 82
. VmE VAR FROM PMEOH 8 ETYV
ﬁp¥h © BUIADIENE FROM BUTYLENE
o * 18 E:1 - INCREMENTAL CAPACITY ADDITIONS
,PPP sz _ wmE ave’ R
R IVA2N KT/v KT/Y KT/Y
5.0 19.5 .8 183. 6 - i .
59.4 . #ﬁfs 5D.2 ’.5 .
100.8 1960 2.3 » 59.0
5.4 240.9 3876 28.4
117.0 304 .4 .5, 230.5
. ) 7.7 272

r. «

18.£.2 ~ CURULATIVE CAPACITY AQQIT}ONS

“eep sEs . vne |Nars .
KT/Y . KYsy XK1/v . RTYY
, k

7
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2015 3es.0 . $es.0 .

B4 Ve
1988 s$9.81 17,97 .00 - ®s.27
1991 . 119,89 32.97 e, 20 112,30
1997 217.03 214.47 "22.40 167,36
2003 . 30s.97 £30. 61 431,09 192,15
2009 370.02 733,58 %90,00 ‘32416
2015 4os.s0 773.08 523,00 361,09

I
[ ”
. . R
TABLE 19 -

EASTERN PETROCHEMICALS CAPACITY ADDITIONS
‘NO NEW EASTERN ETHYLENE PLANTS

.

BUILT IN PLANNING PERIOD . S

,_--_-,__-_-_----_-____--___---—_---~-_-_-_--_,__-__~-_

TABLE 20. -~ PETROCHERICAL MARKETS

L 7 MARKET REG IONS..
- we WESTERN CANADA ’
" Ec JEASTERN CANADA | X
S L U.S. MIp-WEST ‘
. ',,Pé - ‘u.s.‘FAclfxq coasT
PR - " PaciFlC R1n :

e

20.A.1 - AMMONIA
' “ .
wC EC nu PC PR’ TOTAL

N KT/Y  KTsv - xisv ' ktsw KTrsv C KT/
1985 1612.8 .0 £32,0 152.0 .0 22%6. ¥
1991 2212.5 .0 72,0 192.0 .0 'Sove.s
1997 isvz.s} . 0 735.0 ztn.d .0 3517.%
2003 277s5:0 1 700.% o 2230 - .0 3778.5
2009 2940.0 .0~  313.4 232.4 .0 3985, 8
2015 30e7.5% .0 #36.5 - &39.0‘ .0 L1430

. , . - ~
20.A.2 ¢, METHANOL - L .

NC EC LT . PC PR 3OTAL

KI/v K1sv XTsy K1/v . KT1/v KTsvy
1985 135. 9 135.0  142:8 282..3 vzau.s-ﬁ/ °78.3
1991 225. 0 »25.0 .0 .0 20 “s50.0
1997 " 285,90 285.0 P .0 .8 570.0°
‘2003 .3zs.0 325.0 . S .0 50,0
2009 347.5 , Bev.s - .0 .0 N 95,0
o .0 i .0 730, 0

N . L o
20.A - PETROCHEMICALS FROM ALTA TO vAnxougYndnxg1s‘,
R . . . - &
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-

@]
; ‘ } !
20.A.3 - ﬂEYNANOL){»PDf\ REL
N EC nw ‘!rc PR ' TOTAL
KIrsy . KYry X1sY KY’vY XT/7vy KYry
1985 140.0 40,0 ta.s »2.8 74.0 385.0
1991 280.0 120,09 3.0 190.0 .0 616.0
1997 399.0 171,00 . &9.2 146, 6 .0 7e3.8
2003 472.5 202,58 59.0 295.0 .0 1029.0 :
2009  ‘s21.8 223,58 7.0 335.0 .0 1967, 0
2015 560.0 24 0.4 73.8 367,85 e 1261, 0

20.A.4 - LLDPE/LDPE

o '3 Ec nwy PC (1} TOTAL d

KTsy . KTsy. K1/v Klsy KIszy KT’y
1985 87,0 323.0 51.0 81,0 L 18300 635.0
19091 83.3 “71.8 74,0 76.0 229, 0 ’ 935.0
1997 14. 8 450.3 9\.0. 1.0 2;‘3.0 1220.0
2083 ) 132‘.l 152.3 100,90 to01.0 383.0 1390.0
2009 |‘l.5'.5 824 .5 1’10.0 10,0 330.0 1520.0 o
20!5. 154, 5 $75.5 1177.0 17,0 351, 0 1615.0

20.A.5 - HDPE
we £c. "y rC

' LA KT’y XY/sv xTsy
1985 26.0 203.2 19,0 19.0 .
SELY 37.0 333.0 5.0 5.0
S .
1907 . 48,0 432.0 #4890 59.0 - .
2003 ‘s8.0 s22.0 ¥ T eerp Ao b
2000  es.s s89.5 77.0 77.0 231.0 1040, 0
L2078 71,0 e39.0 .30 3.0 2649.0 1|zs.b*7.m‘%®‘ ot Dol 9
. - ’
20.A.6 - ETH GLYCOL

We £C nw rc PR ToTAL i

KTry KTry KT/svy KIszy KY/sv KY/v
1985 7.8 147.3 50,0 " 30.0 120.0 355.0
1991 9.3 1467.8 ‘9.5 21.7 . e7.3 385.5%
1997 10.5 199.5 . om2.,8 69.8 198.0 540.0
2003 1.5 21m.5 - e2.8 5.8 222.0 s0n. 0 '

NELLLE 12.3 232.9 1800 0.0 260.9 5.0
2015 _12.8 262.3 104.3 3.8 255.0 ¢80, 0
20.A.7 $TYRENE \k\ ‘~\\\\\‘
ST - ™~
wWe EC m rc PR TOTAL , :
o~ KTy KTry K1y XT/v KT/Y Kt/y
‘eu/ 6.8 .0, .0 67.8° 142.0 294.0
18997 . 93.p . Bt .0 216.0 309.0
1997 133,38 .0 0 1es.0 ‘252.0 «%0.5
2003 159.0 .0 .0 195.0  _ 274.0 550.0
2009 177.8 1.6 74.3 123.8 297.0 733.4
2015 190.5 2.4 rs.0 ¥ 130.0 312.0 7730
N . .
<




20.A.8 - VINYL CHLOR MON N s
we gy nu rc TN To1AL
X7y Klsv XK1/v K17y (T/V‘ KI/7Y
1985 9.0 201.0 15.0 25.0 .0 . 360.0
1991 13.8 L36.53 30.0 50.0 .0 539.0 )
1997 17.1 552.,9 39,0 5.0 .0 74.0
2003 19.6 e25. 6 45.8 74.3 .0 747.0
2009 21.3 s8e.7 s1.0 88,0 .0 e 0
‘2018 22.7 732.3 85.2 92.0 .0 90242
20.A.9 - VINYL ACEYATE
WC EC LT , PC PR TOTAL
Xisv K1/Y K17V KTsv (S VA K1/¥
1985 1.6 28.7 2.0 2.0 10.4 61,6
too1 ' 34.2 25. 8 25.8 .0 87 .4
‘1997 .3 “2.9 3..8 36.8 .0 196.0
2003 S “B.5 39.58 39.5 316.0 4u6.0
2009 .e 52,3 3.8 43.5 e, " 490.0
2018 2.9 55,1 6.5 “e. 8 372.0 s23.0
20.A,10 - POLYPROPYLENE
e Ec* Me rC PR ToTaL X
s
KT/v X1/¥ KT/ Y KTsy KT/Y K1/Y
1985 6.0 s3ie .q; .0 .0 59.
1901 .0 11h e S N .0 1190.8
1997 13.0 1.8 9.8 ;19,8 .0 217.0
2003 17.0 253.0 13.0 26.0 .0 3p%. 0
2009 19,8 303.4 15.7 31.3 .0 370.¢
2015 21.3 3z, 17.8 5.3 .0 I
‘ r
: 20.A.11 - BUTADIENE
we £C "I PC PR T0TAL )
% KTrsYy KT/ Y KI/7Y KTrsy K Y K1/Y
1985 19.0 73.8 .t 2.5 .0 5.3
1991 26.0 77.3 .0 1.0 .0 y12.3
1997 28,0 122.3 .0 17,0 Ve 167.3
2003 30,8 161.1 .0 . 20.5 .0 1929
2009 32.58 Fis.7 .0 23,0 . 324.2
20158 34.¢ 203.8 .0 23.5 -0 3¢1.0
: 20.A.12 - BIX EXPORTS
" rc R ToTAL . B
KTV XT/y XY’V . x1/Y v v
1o8s .0 ) .0 i . )
1991 lb o 0. Lo E
1997 .0 o "1[ .0 t; . :
e ’ ' gjl - .
. Rl -
r\_r 2 k . ‘ .
T VE »
. o & .
. ﬂ s .
- v




2p03
2009
2015

198s
1991
1997
2003
2009
2015

198%
1991
O
Y 124
Moop3
w“
.
9
4200
2018

1995
1991
19¢7
20903
2009
2015

1985
19;!
1997
2003
20¢9
2015

20.8 - PETROCHEM FROM !ASYE#N CANADA 71O JARIOUS NARKETS

EC

KT/v
537.%
737.8
9s7.5
0254
980 0
0528

EC
KT/Y

Ec .,

KT/Y

.8
£92.0
292.9

20.8.1
M
K1y

.0
.0
.0

¥
.0
[

.0
. 8
.0

Y

AMMONIA
TOTAL
X1/v

$37.5

737.5

257,58

e2s. 0

980, 0

1022, 5

s

20.8.2 - nEYHANOL

e TOTAL
KTry K1/

.0

.0

.0 -

.0

.0

]
' G
20.B.3 - METHANOL - FUEL REL
e TOTAL <Y
Xt/v X1/

.0
o

.0 .

.0

.0 . i

.0 *

20.8:4 ~ LLOPE/LDPE
: i

FOTAL
3

KT,y

292 .1

292 .Y

»




L .
.ep . .
LB TR L ‘
’ .
- .
KT/y X1/ X1/V
30.09 J'ﬂi "30.0
5 .0 My .
.0 .8 ; : “»
.0 .0
.0 .0
.0 . ¥
@
20.8.6 - E1H GLYCOL
tc ne ToTAL
K1sv | KY/v Ki/Yy B
1988 .0 [ .
19491 .0 .0 [N ] N
’ 1997 .0 .0
2003 .0 .0 ' .
2009 .0 ] '
2018 . .8 N ]
a
-
20.8.7 - STYRENE
' €c L TOTAL .
KTsy [ 3921 K1/ Y
' 1988 150 .5 &8, 5 199. 0 —’
1991 217.0 54,0 271.0
¢
. L
1997 3118 63.0 37¢.8 ,
2003 3710 ‘a0 Lep. 0
2009 351 .4 . 351.¢
2018 381 .9 .0, 381.9 :
(’J ’!
« 20.8.8 - VINYL CHLOR MON
. / EC L% TOTAL
o [ & PX7 XY/Y K17y
1985 .0 .9 *
1 1969 .0 ]
R S .0 .8 .
. 2003 .0 N )
2009 N .0
2015 ] .0
. 2% .8.9 - VINYL ACETATE
e Effw_ o 1DTAL
) - ! v*« klxv, gvlv
. 1988 Lo n.0 ..
1991 o N : !
1997 .o’ RT3 £
2003‘ o "“' % 7 ; W
2009 .0 .0 - 4
201's Y .0
N h
. “jiﬁ‘ o - 5
v 20.8.%0 = POLYPROPYLENE R
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1985
1991
1997

2003
2009
2018

1985

“1991
1997
2003
2009

2015

1985

1991

EC
,xn&v
ob.2
0.2
722
78.0
‘6.9
2.7

EC
K1/v
19,1
19.9-
23.6
2%.2
.0
.0

10GW
S mnssy

324

298

.
MW TOTAL .
KTV K1/¥ . .
.0 60,2 i .
.0 60,2 nooE .
.o 72.2 “ -
.0 70.0 ) ‘
.8 .. 9 ) . . g
.0 72,7
v >
- 2”'5"2 - BUTADIENE N
"MW . ToTAL
KT/sv X1/v -
.0 19.7
.0 19,1
) ) i
.0 23.6
N 2s5.2 i
N b o )
.0 .0 . L
- ©
S20.8.12 - BIX EXPORTS
Ll ToTAL
CRTY K1/Y
AN
292. 292.1
3nzi:\ 302.1
208.0 298.1
294.0 2601
292.0 ' 292.1% i
292.0 292,14

N

TABLE 21 - ECONOMIC RENTS

21.A - ALBERTA NATURAL GAS

CATEGORIES OF GAS ‘
1DGW METHANE IA§ED ENERGY INDUSTRY
GPCE ETHANE 8 HIGHER COMPONENTS .
GRRC ALTA RES AND CORR '
ECGN. ALTA GAS TO- EASTERN, CANADA
EGUS ALTA GAS TO U.S.A.

GPCE GRKC ECGN EGuUS
nHs/Y nRssyY rMs/y nns/y
400 341 2514 2339
st 0

269 . 2518 ' 3668

TOTAL
nmMs /)V
5919
7282




ES
.o . ,
[ 4 . ‘f . . <
1997 _ 354 72 T 2be 2924 5225 9429
2003 190 s 389 4S8 e264 12161 :
2009 .92 710 292 6091 4631 . Yoz2s
.f/ 2015 148 591 (Y3 3798 3376 8027 .
' . .
' #)-B - CANaDI N *CRUDE OIJL
CATEGORIES © 67{ )
aLce aLseR1a conv. crube
O5HB OFF-SWORE (HIBERNIA B BEAUFORT)
aLcC "OSHB . ¢ y01AL
“hmssy nHs/Y “hnssy
1985 8571.3 306.8 Ine
1991 £906.9 756.0 . 5662.9
1907 - 3784.5 1sea.1 0 s3e8.3
’ 2003 32257 1963.8 ° 5189.5 B
2009 2685.7 2384.7 $074. 5
2015 19468.4 2745.5 £693.9
21.C - ALBERTA ENERGY SECTOR
NOMENCLATURE
FBG FLOWBACK FROM U.S. GAS EXPORTS
> 31 O1L EANDS SURPLUS (NEW PLANTE)
nep METHANE-BASED PETROCHEM SURPLUS
ERP ETHANE-BASED PETRQCHEN SURPLUS
FBG 0ss nepr EBP
(21X ¥4 4 [2]el T4 nMs/yY Mrs/y
1988 1459 102 . 882 547
1991 1789 595 378 281
1997 3665 2042 im0’ 193
2003 2585 5168 )
2009 2506 soz2 100 oy
2015 ‘16958 109¢3 L62 1199
NOMENCLATURE .
osn PMINED OS5 SYNCRUDE
,os! INSITU os\nnunsw .
os2 INSITU DS BITUMEN .
161 INSITU OS ;vucﬁﬁbe
ey INSITU OS éinc<¢coAL>
cL1 COAL 'LIQUEFACTION
"r‘
RENTS BASED UPON REAL COSTS OF GAS
osn ) o031 o2 161 1C1 cLl
s/BBL s/BBL s/BBL $/BBL s/BBL 8/ TONNE
1985 5.3 8.99 s.82 9.82 9.89 7.61-
1991 10.20 9.6L7 .08 11,67 11.65 .. 86-
1997 1..78" 1p.32 6.1 15,88 16.13 3.68-




375

+ C * ’
2003 19.61 12,32 .. 84 20.57 20,83 6.50 ;
2009 23.90 13.§u' 18.30 26.74 . 25.09- 9.32
2018 29.27 15.56 11,88 29.05 29.50 12.32
. .
RENTS BASED UPON INDUSTRIAL PRIGE OF GAS
osn 081 052 169 T cL1
s/BBL ‘ss8BL s/BBL s/BBL s/8BL $/TONNE *-
1988 7.77 6.78 3.08 KR °.38 18,94~
1991 9.8 vies 4.22 10.99 11,313 AL EA
1997 14.46 . 9.07 5.25 15.48 15,85 10.08-" -
2003 19.18 10,62 o7 20.03 20,46 ..2%-
2009 23,88 12.78 5.79 24 .36 24,81 3.4
2018 ze.13 15.19 11.09 28.93 29.42 10,46
: B N <
"TWE MNEXT 'SET OF- TABLES GIVES THE ECONDMIC RENT
-~ OR PROFITABILITY OF A SELECTED NUMBER OF PETRO
CHEMICAL PROCESSES, SERVING VARIDUS MARKE T A
REGIONS. BASED UPON'EI1H£ﬁ THE REAL COSTS OF GAS . ‘ .
,OR THE PROJECTED PRICES OF eas. ’ ' ‘
NOMENCLATURE o N o
MEG METHANOL FROM cAs . .
nEC METHANOL FRDM COAL
RPE HDPE FROM ETHYLENE . .
¥ LbPE FROM ETHYLENE : )

LLPE
EGE - . ETH GLYCOL FROM ETY,
RENTS BASED UPON REAL COSTS OF CAS ) .

AND BALES TO PACIFIC RIN MARKET

T

2.22

~
Y , ‘ . .

MEG nec WPE LPE ECE . . .

s/nHCF 8/ TONNE $/MCF t/nc; s s/NCF
1985 .59 50.20- 2.00 3.0 .92
1901 .30 P T 2.8 3.08 1.65 '
1997 TS 39.00- 2.60 3.25 2.35 i
2003 .61 32.89- 3.46 .88 .79

- o
2009 .50 25,585~ 5.93 F .09 5.02
20158 .22 17,845 5.27 618 6. 3¢ .
s i
. Coa L .
RENTS sAs;o'uroy”rnoncwco‘ancss OF GAS
AND SALES TO PACIFIC RIM MARKET
A MEG HPE LPE EGE .
$/HCF s/nCF s/ntF "8/MCF
©
1985 Le2- .02 1.03 .95~ -
1991 NI LB 1.31 .15~
- ~ LY
1997 2= .94 1.52 .78 . A N
T ’

2003 .32- 1.6k 1.06 1.88 N
2009 L1e- 2.07 s.258



oy

2038

1985
1991
19907
2003
2009

2DV %

1998
199
1997
2003
2009
20158

"9'5
1991
1997
2003
2009
2015

1985
1991
1997
2063

-2009°

‘2018

9

.02 2.7¢ 2.6 ’ H.09
2

RENTS BASED UPON REAL COSTS OF GAS

AND SALES TO U.B. HlDHES!;ﬂ;RKET

i

Yy
HEG MEC " HPE LPE , EGE

S/MCF $/TONKE  8/MCF s/neF " esncE
.57 50.66-  3.29 3.93 SRR
.28 L 65.37- 3,87 3.99 ¢ 1.88

.23 39.56- 4.6 4. 31 ©o2.a7
.58 33.20- 5.158 ® s.pz 3.93
s 26.22- .77 5.31 ., s.amegy
.48 1m.87- ¢.30 5.4 .52

RENTS BASED UPON PROJECTED PRICES OF GAS.
AND SALES TO V.S. FIDWEST MARKET

MEG HPE ) LPE EGE

$/MCF . s/MCF “e/ncF §/NCF
IR I ’ 1.95 . B7-
.54 - 1.89 2.34 L0585~
45 2.8 .90
.35- 3,13 2.01
L20- - 3,919 3.41
.02~ “.78 £.07

RENTS BASED UPON REAL COSTS OF GAS

AND SALES TO EASTERN CANADIAN HAR*ET

NEG  mec HPE 7 LPE EGE.
S/ MCF © '$/TONNE $/MCF ®/NCF ' #/MCF
1.990 24,04~ 5.60 .20 ’ 2.03
1.73 16.26- ¢.09 6.43 2. 74
h.83 . 7.73- 6.90 - .93 - 3.8
2.32 . 1.6 8.17 7. 84 P
2.37 11,86 9.08 8. 34 7.08

2.26 23. 06 s.er a7 074

RENTS BASED UPON PiOJECTED PRICS%,DV GAS
AND SALES TO EASTERN CANADIAN MARKETY

MEG HPE LPE EGE

$/nCF s/nce s/neF s/nCF )
49 3.62 t.22 Tlae
S 1 L.e2 0 &7 1,18
1.6 5.25 T sz 2.29
1.39 - e 5. 81 3.6t
1.7 . 7.2z LoeT o 8.31
2.08 5.3% 7.18 7.29




t
1985
1991
19%7
2003
2009
2015

1985
1991,
1997
2003
2009
2015

1985
1991
1997
2003
2009
2018

o I
ALL INVESTMENTS ARE IN ' CONSTANT 1983

TASBLE 23 -

NOMENCLATURE

nREF NEW
NPuP NEW
NMOS NEW
N1SO NEW

NBUG NEW
NGPE NEW
NHBP NEW

NETR NEW

CAPITAL NEQUIREMENTS
PITAL,
\

REFINERIES
POWER PLANTS

MINED OIL BANDS PLANTS .

IN SITU OXL SANDS PLANTS

BITUMEN UPGRADERS ;

GAS PROC. AND ETHYLENE PLANTS
METHANE-BASED PETROCHEM PLANTS
ETHYLENE-BASED PETROCHEM PLANTS

NMSP  NEW MISCELLANEOUS PETROCHEM PLANTS
NCBP NEW COAL-BASED ENERGY 7&CNNOLOGIES
NPCP'  TOTAL NEW PETROCHEM PLANTS

NOED  NEW OIL EXPLO® AND "DEVELOPMENT (EX0GY
NGED  NEW GAS EXPLOR ANG DEVELDPMENT

NOSP TOTAL NEHM OIL SANDS PLANTS

!

UNDISCOUNTED CAN. DOLLARS FOR WHOLE TIme PER1OS

NREF

nncs

$70.2
2139.6
2383.9

63.9

NGRE
nHMcs
1676.8
11749.8
1199 .4
1LSS.L
. 1808.3
13531.2

NPCP

nmMecs
asie.?
2754 .7
2971.9
$324.9
5659.3
3397.0

NPWP wros’ N18D NBUG
nncs nncs Arcs ‘hAncs . -~
2¢.4 208.5 781.3 .
1567.7 s.85.2 11986
1129.5 10078.8 1861 .4
L2001, 8 17646, 8 1836.7 10041
2761.9 LER I T 1e27.0 25942
2323.3  1ealn.z  269e.2 /- .
NMEBP NETB ‘NMSP NCBP
nrcs nnCs nHCcs HRCs
.0 823.7 326.9 S .
L4388 926 .1 213.2 ]
26460 903.0 581.3 (]
1804 .3 1306.3 *52.9 821 %%
Toea0.e 1566.9 v 0 .0
“e3.7 11951 379.8 e5.0 .
s ‘ N
-NOED NGED wosr %gtAL'”\
nhcs nuce nrcs ,ﬁﬁbi . I
$169.8 "ee.? verz. 4
22010.4 4838 33000.0
19727.8 ° 11eu0.2 | 3e300.8
sebi. & 20307.4 soon;.p
N . 2872v.%  12a00.8 &3s00.8
20321.7 12034 .4 v8300.0
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