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Abstract

.
o

Synthetic crude oil produced from n-conventional
sources, such as tar sands or coal conversion, has been the

focus of much aqglysis. Unfortunately, most . evaluations of

non:ESnventional energy préjects have déalt with technical
aspects qnd' private‘ cost viability. This thesis has
attempted to assess the prospects for coal liqueféction from
a social" perspec;i?e and to determine ‘whether private
incentives to undertake liquefaction are in liﬁe with social
desirability. This latter objective 1involved assessihg
overall private profitability és well as whether a pr}vate
firm would choose the socially optiméi input-mix. Where
private inqehtives diverged from social viabllﬁf;, it was
assumed that market failure existed. \

The four .liquefaction projectS'examined.were based on
information contained in an engineering feasibility study
and data from other sources, and were assumed to'come
on-stream in 1991. Each project‘producéd 60,815 barrels‘ per

day of a’ 29.5° API synthetic crude from an identical

advanced German liguefaction technology. Differences between

‘profects involved the manner in which power and hydrogen for

conversion were supplied.. A ‘ )

Rather"‘thén use the net present vaiue criterion f;r
comparing projects,,thig parameter was set equal to zero and
the real bannﬁal " increment in - imported "oil prices which

satisfied the net present:. value equation was calculated.

This was meant to cirgumvent the uncertainty associated with

v



future oil price inf%ation. Thus, results are not contingent
on any particular price scenario occurring during the
prqject life. 1In order to account for potential changes in

0il prices and provincial economic -activity between 1982 and

’

1991, three scenarios were developed for tne reaI_7991 —oil

R

A %

prlce. As well the possibility of cost overruns was taken
1nto account by 1nc1ud1ng a scenario w1th capltal costs at
82, percent above thelr base case values based on research by
‘the Rand Corporat1oﬁ on pioneer proce551ng plants.

Results of the analysis indicate that if cnrrent
capital <cost estimates are accurate and real increases in
0il prices over thelnekf severaifdecades can be expected\\in
the 2 percent per year range, ~coal liquefaction cquld
present a viable alternative to Emported'oil. Also indicated
is the possibiliéy that,‘ shouid liquefaction be socially
viable,'a nrivate'firm may not be willing to unaertake-'it;
and Ve&en if it is . pursued, an inappropriate prdéess design
would be —selected. Where capital cost overruns are
significant and- the 'power- of ' OPEC to eustain real'price
infiation in oil prices is eroded, coal liquefaction is

unlikely to be a viable alternative import substitute.

!
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1. Introduction

1.1 Problem and Apbroach.
The notion that Canada should be aggressively pursuing
self-sufficiency in - petroleum has received widespread

B atpention in recent years, antinuedximportation of oil, it

is “argued, maintainé dependenée on.uncertain supplies of a
crucial commodity as well as‘affeéting the balance of.'trade
in an. unfavoréblé manner (Berkowiti, 1981). "Aside from
measure$ aimed at conﬁetvation, discussion - has focused .on
thé ‘éfficécy of éubStitutingﬂ domestice production for
'ihports. This iéport subﬁtitution could originate from a
number of alternative 'sobrces. These include .increased
production oficonventional pét;oleum from enhanced Jrecovery
and frontier areas, and gynthefic.oil from non-conventional
soqrdeé such és tar sands and coal. It‘ is the
nén—conventional option which presents perhaps the greatest
7iong run potential. Althéugh tar sands development has. been
vigorously studied and promoted, o0il f:om coél, or coal
liquefaction, has received minimal attention. This is due to
thq seemingly lowef" private production costs of syncrude
from tar sands (Dynawest, 1983). Degpite this, a full
acgopnting of all social benefits ‘and costs of the two
altérnatives has not been made and there is somevevidence to

suggest that  liquefaction may appear relatiuely more

,attfactive'from this pefgpective (Dynawest, 1983). -



Technically, coal conversion can be described as a

means of upgrading coal to a higher quality liquid fuel by
adding hydrogen under conditions of higﬂ temperature and
\pressure and usually in the presence'of a catalyst. Present
résearch centers around ogtimal' use of  catalysts,
temperatures, and 'pfessurés, as wéil as , scale-up to
mega-project commercial size. Liduefaction is a
well—establ}shed.chemical broéedure dating‘back commercia;ly
to pre-war Germany.

Despite some technical and political congiderations,
the .argumgnt over import substitution; whéfhér from coal
liquefaction or other éources, ‘is .largely< one of ﬁ@e
economics of market failure. Obviously, if a perfectly
operating market for petroleum existed, import substitution
would be simply a matter for domestic costs versus import
costs. - Domestic  production, both conventional and
| non-conventional, would ﬁake place up to a point where the
marginal supply ‘'cost - was equal to the import charge,
assuming éufficient demand existed.

‘Iﬁ reality, such a perfectly operating market does not
exist. The simple markét solution based on private costs
will be prevented in the presence of any of the following
market distortions: T"monopoly power, price or quantity
controls, taxes and subsidies; external ‘effects ‘and.‘other"
market @ imperfections" (Treasury Board, 1976, 13). The
argument over impoft substitution revolves,' in part, over

the existence and degree of these/distorting factors.



If it 'were agreed that market distortions did exist,

then—ﬁne-could—envisage—them;leading—to—one—oﬁ—%he—éol&owing

possible situations (Little and Mirrlees, 1974):

“1., a project may be viable and optimal/f}om both aqprivate
and 'social perspective, despite any market fﬁildrek

2. a project, due to market distortions, day be viable and
optimal from a private but not a social perspective;

3. a project, again due to market distortion, may be viable
and optimal from a social but not a private perspective;

4, -a project may be neither viable nor optimal from either
perspective regardless of distorting factors.

The first and last si:tuations do jiot present any allocation

problems and ‘can ‘be etfectivély disregarded. The second

circumstance, private but not social viability, is relevant —

in certain areas of project analysis. However, with regard

N

\

_to import substitution and nonconventional energy projects, >~ __~

it is the third situation which proves most intefesting.,lt
is in this case, whefs "social returns® are greater than
. private returns, that economic theory advises some form of
corrective action such as subsidiés to bring market returns
in line with social desirability. In fact, President
Carter's 1979 program to ehcourage development of Aan
American synfuels industry through establishment of the
,Sjnthetic Fuels Corporation is a prime éxampie of such a

»

measure. . /

-

Analysis of coal liquefactioh, as an import substitute,

lends itself well to the market distortion perspective

N\
\

1



regard to input and ass

suggested above. A divergence between private and social

desirability may occur with respect to- two issues: the

‘overail profitability of liquefaction, and thus the rate of

industry development, and the choice of techﬁology or design

parameters to produce a given output of syncrude. In the

2,

| Ll
to the on-going costs of oil importation. Where these social

former case, social returns to liquefaction must be compared

returns justify pursuit of a* liquefaction alternative,
\ -

. \ . Cas ‘ . .
private re&urns will indicate whethey’a private firm would
./l N

be willing &s undertake such a projéct. If these latter
A

_returns aré\ insufficient to 1induce production, market

E—

failﬁfg_wauldxéppear to be evident.
| With regara to choice of technology, a similar argument
applies. Thé nhmerous' ligquefaction processes available
suggest a wide rgpge of potential private and social costs.
\

But 'technology' is\not used here in this sense; rather, the

reference 1is to the\various design or input-mixes which are

possible under the ‘auspices of ‘any one process. This

\

involves choice of hydrogen production technique, power

source, and use of by-products. Where there is a divergence
between private and social evaluations,. particularly with

iated by-product prices, the

vpoténtial ~for an inappropriate choice of process design

exists. \\o
Since development of a c mmerc® '-scale iiquefaction

facility would tequire at least 8\to ~ars lead time, the

policy implicatioﬁs of market fa%lurg may be significant.

\



.‘ : l .
Research and development focusing on a non-conventional

. . . hd .
energy source which does not provide net social benefits, or

on a process design. which is non-optimal, may have large
social cost implications. Thus the need for analysis. of

potential policy-options at an early stage of development is

apparent.

Based on the above discuééion, the objectivé§~Pf this
thesis can be reduced to the folloQing two ques ions:.

1. 1s liquefaction a likely candidate for develobment on
its own merits (not vis-a-vis other sdbstitutes).and if
so, would a'private firm pe’willing to undertake -it? -

2. Of the v§rious,design or input-mixes available, which
option is sociAIly optimal, . and would a private firm
make this choice?

In order to perform any. sort of benefit-cost or
financial analysis calculatiops, a reliable source of cost
data muét be_fpund. Fortunately, reéearcﬁ wo;k éo;sponsored
by Algas Résburces Ltd. (now Noval.,Téchnologies Ltd);

[ , A e ,

Alberta] Energy and Natural Resources; and - the federal

Energy, Mines, énd Resources -department was made ayailable
for the ahalysis’here.hThis~wbrk compfised a comprehensive
mid-pdése study of thé technical and economic feasibilify of
coal [liquefaction in Alberta. The study, ‘ehtitlea'gggl

Liqudfaction Plant Feasibility Study (Kilborn Alberta Ltd.,

1981), is an engineering analysis'and, as such, includes

basic cost and technical data as well as preliminary

cash-flow and réte of return inﬁormatibn.



Analysis in the Algas study involved two alternatives,

o~

. v v -
each using natural gas as a hydrogen sodrce but differing in

1]
ased—on—technical—and
Q

D . Al
‘their power supply conflgurations:
economic studies done elsewheme, it wa decided for this
study that other a}ternativee'inv g gasified coal as a

hydrogen feedstock, r than natural gas, should be

included. A
~based on dif ydrogen-%eedstoeks and power sources.
for the two addltlonal alternatlves are developedz
from American data making use of the methodologyl,from the
Algas' sFudy, The egip of coal is estimated separate;y based
on the differiné velumes required forueach alternative.

In order to determine the, potentlal for llquefactlen
from a social perSpectlve,‘beneflt-costJaualysrs is applled
to the four .alternatives using social rather thau_private

’

costs. Since future increases in ‘oil- prices, ' are e}
S oLt 1CES, mate

. . . o . e } . . \.'
uncertaln the real rate of increase 1n current prlces is .

i)
taken as the choice variable rather than the® progect s net.

present value, which is set equal to zero. Solv1ng far thls”

parameter gives a 'required' average annual real 1hcrease in .

&

the output price which represedts a minimum value in order

o
for the project to be socially v1able. These requ1red raies
of increase for each progect ‘can- then be eompared to
historicaltaveragES and'forecastarates as well as to those
for the other four alternatives. \

For comparlson, a f1nanc1a1 or market ana1y51s is done

on the same four alternatlves using the same breakeven or

<
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required oil price approach but with market prices and

private discount rates used 1nstead Results from the two

n.':i

4Formsnof analy51s are compared and-discussed-and-a case made

R -

«1;2,Sc6pe andudutline
. . . s . «r )‘(""

1

for the ex1stence oé market fallure. Follow1ng this, the

implications'vof"the analysis are examined in terms of

'potential social losses and public policJ especially with

“regard to research and development

<

g
s
R

There  existsza wide array ‘of complex issues concerning .
f L4 4

import—Substituti%n and theﬂrole coal conversion could play. i'

& ,,

. . v A
In order to llmlt the seudy to reasonable bounds, ‘a number

o w&

of factors are not dlscussed at length The suitability of

I-.

liquefaction , éis -a-vis other substitutes (tar  sands,

=

N i
Afrontier production, ‘and enhanced recovery) is not explored

k2 V3

F x

ih detaiﬁ. The 'analy51s also abstracts from questions of

 and equity, concentrating instead on

hi
istributi
- . @ . - N
iciency consideraty

~n

“In addition,\ extensive discussion of the doal and
petr leumd industries is not included. The plains codl’
Fndus'ry centers primarily' around power ‘generation' where .
companies hold. a lease and hire a contractor to mine.
1. The relevance ofl this industry, outside of
competi ion with liquefact#on for:coal, is limited.'The oil
industry is more likely to be involved in ligquefaction. Esso
Resources, for.example, are“examining the’Judy Creekﬁarea as

a potential liquefaction site (Jones, pers.. comm.). Where

R



relevant, the oil industry is discussed in the text.
The thesis is structured in the following manner.

Chapter 2 presents a literature .review of import

-substitution and the argumen£s' for  marketl failure with
. regard to this léctivity; Chapter 3 briele' reviews the
historical and technical 'background to 1iqueféction as well
. as pfésenting the cost estimates for the alternatives
examined. Chapter ¢ first discuéges‘a number df economic
considerations in analysing liquefaciiod‘and then proceeds
with the developmeﬁt and application of an algorithm,fqr
-social asseésment of a liduefaction,project._Chapter 5 uses
a ‘similar approach but maintaihs the perspective of a
private firﬁ in ‘performing a financial or market price

'ahalysié. Chgﬁter‘s discusses ,the implications of Uﬂg.study,5.ﬂ
Thgffinal_chapter sﬁmmiyizes observations and4 resglts_ apq'

péesents the céﬁciusigns -of the thesis. ”Detailé@ cost
nestimateéAand stat{sticalr manipulatipns aré' contained, in

. N
- appendices.. :

RN o : " ' » ‘ ,
g |



2. The Economics of.Import'Substitution Using

Non~-conventional Energy Sources -

Sy

4

2.1 Introdhct1on

This chapter reviews ‘the theory and ev1dence on market

“

failurevin the market for non-conventlonal energy, w1th

special reference to 'synthetlc 011 sources. AS prev1ously

snggested there is significant polarlzatlon over “the notlon‘

of whether the pauc1ty of non- conventlonal energy progects

results from a lack of appropriate market 1ncent1ves' or

whether, ‘instead, this arises from_accurate market signals

whichrsimply reflect» poor“soc4al profitability. 'Specific

)

distortions which are,,most often ment1oned ‘in assoc1atuon

with non- conventlonal energy are , the ’£9L£0w1ng
1nappropr1ate pr1c1ng pol1ces, dlscrepanc1es between pr1vate

and soc1al d15c0unt rates, regulatory' uncertalnty, ahd

‘non approprlable benefits and costs. Whether these lead to a{h

“mlsallocatlon of resources and whether ‘some - form - of
! : - \
/ k|

corrective pollcy 'is in order to_‘encourage' import,

substltutlon may depend on several factors be51des the mere

presence of such dlstortlons. We turn-now to a. dlSCUSSlOﬂ of»

the qualltatlve, nature of possible dlstortlons and. the

results of relevant empirical work.
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2.2 Pricing :

Despites the fact that viewpoints on promoting import
3 . .

I8}

substitution fail into twe' camps’ " either /vigorously

supportlng—wsubs1dlzat1on;~due~*to“"the~wun1que-problems of--~—~~

:synthetle fuel. development, or advocating_treatment Flmllar:_
to that accorded to - any generally competitive induStry,
there is almost uniform agreement among econom1sts that the
dqmestlc_ oil price should ‘move. to world levels. In a sense,
as Joskow and P1ndyck (1979) point out, world prlce for 0il
would’ represent a non- structural 'solution. to excess demand

'rlslng prlces would reduce quantltles demanded and encourage_
expanded productlon. |

‘In fact}.a'werld price'received.fer”dOmestic‘prddnction'
miéht.»remone a. perceived need fordsubSidies in.twoiwa§s;

First, there 1s the 51mple notlon that a 'higher préce'vmay;

.mean -progects \seen as being socially prbfitable 'whiled
privately ’ndt. so, will now becqme_’feasihle ifrem‘ both_

- perspectives.. This‘ would,rembve;any‘contern.over suhsidies
‘srnce they'presnmabli,would not.behneeded. A'xsecond ;ndtion'
is that priVate lcompaniesrv inA rece1v1ng world price for
| onventlonal productlon would have .much- larger cashflows ‘
hfrpm wh1ch to draw for the f1nanc1ng of non- conventlonal |

capital—lntensive pr03ects.-,Th1s' would _allev1ate tno’:'

potentialr distortlons  associated with _finaneing‘.large,

' proﬁectsé:‘the‘_diffiCultfesmhassociatedx.with‘ ‘thea sheer

v‘magnitude of‘bfinancing;'including associatedcrisk and the

uncertainty associated with QQVernment_jparticipation in
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financing which these sheer . magnitudes often necessitate.
Donner argues this latter ‘point when he states:
The problem with large project financing is that

-government involvement, although necessary, tends to.
inhibit the attraction of privateée capital because it

-

sets up a completely .new level—of —risk —for
investors. (Donner; 1982, 59). ' :

Another area hof ‘concern is the partlcular method by
aWthh prlces are regulated a p01nt mentloned by Joskow and
_P1ndyck (1979) and applled to ‘the Canadian scene by’ Wirick
f(1982)"vGovernments,41n order to prevent. the p0551b111ty of

w1ndfall profitS* should large unexpected prlce 1ncrea3e§4
. I . . . ‘

.occur, have developed 'formulas . which average historical'
prices or create a- ce111ng for' unit returns but not a

-compensatlng floor below wh1ch prlces ‘will not be allowed tO=
Sfall. ,.,vp . ", o

' ¢ S
It is th1s sort of sp1r1t wh1ch pervades the Federal

and Alberta Governments pr1c1ng agreement of 1981. Outllnedf
in thlS agreement is-a formula for the synthet1c fuel price_
.or New - 01l Reference :Prlce» (NORP),L The effect of~this
.pr1c1ng scheme 1s the follow1ng | ’ ' R

If depressed markets 'force 'wOrld'oil prices well
- below the NORP, then the hypothetlcal megaproject .
returns fal} -accordingly. .On ~ the ~other hand, if
tight market conditions drlve 1nternatlonal “prices
well - above- the NORP, domestic.returns rise. only at
the level of a (one-quarter lagged) two-year . moving
~average - = still subject to the price ceiling of the
~ current. actual .world price. This means that 'if a.
v;temporary ‘shock for a limited time drives world oil
- prices sharply above the NORP, producer returns may
‘never fully reflect these buoyant market condltlons.
-(W1r1ck 1982 545) S » - o ’

'uWith, th 2:51de prof1t potential capped.and the'downside

risk left open, expected returns from such projects are a
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necessarily lower - and some marginal projects may be
inappropriately discarded. |
More relevant to the case of liquefaction-_is ‘the

”pr1c1ng of certain- 1nputs and assoc1ated co- products ‘Due to

the technrcal nature of coal l1guefact10n | hydrogen
requ1r;ments woan ﬁbe"met 'in several ‘ways; through steam
reforming of natural gas or viargaSification of a :coal—like
.’residue- whlch remains’atter‘liquefaction. Natural gas could -
be.expected‘to be available at'the domestic prlcév’whlch is
appr0xlmately.' 40 ‘to, 60 _percent' of rthee-export price,
depending on the. export.lvaIUe:}chosenf.‘Althongh use ‘ofl
effectively spbsidized ‘natnral ‘gas'may,in part'compensate
l)for a_regplated: price"on..product footput,* there_ may be
implicatlons “from - this regarding the socially; optimal
'technologf If 'currentﬁﬁprlce 'signals‘ encourage- a Qrong
ch01ce, soc1al costs'. w1ll ensde desplte apparent prlvate and"
soc1a1 v1ab111ty This tOplC 1s developed at’ length in" later
chapters | R ‘. o . ;v"_ N .

“ h An add1t10nal con51deratlon w1th ‘liquefaction ls. the_
p0551b111ty for co- productlon of power._The large quant1t1es¢
. of . ‘solid process re51due and fuel | gas produced as
:by productsj of l1quefactlon nire potential feedstocks,for
f0551l fuel flred power generatlon. Incremental.constqutlon
m_costs assoc1ated 4w1th produc1ng power'from a liguefaction
fac111ty are lower ‘than costs. for»lstand—alOne {plants: _The
social beneflts of this power Qould’hevthe costradvantage of

_fthe_liguefaction»site\over'marginal'costs for~ng'£acilitiesg-
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elsewhere. -Where ‘the regulation of electricity prices
results‘ in received-prices' well he;ow prouincial grid
‘marginal’ceSts, incentiVes'forhsuch “Y‘co-generation' outside
the provincial grid may be lacking. Such a pricing situation
—rmmm—e—can—be— malntalned-becausewawpubl&c—utalaty-hasm_the—_abl11ty______m___
to gifset losses from hlgher—cost plants w1th rent from the
iowertcbst :facilities; -a“~ stand-alone liquefaCtion plant
exporting 'pqwer, even with marginal_costs lower.than those

‘of the public utilities, could not do this.

2. 3 D1scount Rates
. Dlstortlons in cppital markets, through thelr 1mpact on
] discount" rates, ha_ also been argued t . 1limit the

allocatlon o resourcesyto nen?cenventional energy projects.
‘The case for th?s proceegs as follons;.certain_imperfections.,
in the,eapitai market”‘are ‘sa'drvto lead to the 'private‘
'diseount rate beingvhigher than.the social rate resulting in
construction’of,a‘(subobtimal number ° ofﬂ_Capital—intensive e
-projectsi For'sueh prejeEts, the smali prbportion of cost as
; - ,
- on901ng operatlng expenses means that the present ‘vaLue of
ﬂ,costs _w1ll decrease by a smarler magnxtude than the present
value of revenue, as the dlscount rate 1s 1ncreased It Nis
p0551ble then that some capltal 1nten51ve pro;ects, although
Sbc1ally profltable, may not meet prlvate rate requ1rements -
where thef pr;vate rate "is too high.. . The guestlon then_
'\becenes one of Whetherg the rate is unjustifiably high

relative to the social rate.
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Although -a number of factors are often mentioned to

.explain why private rates would.be too high, two appear to

be most relevant to the case of large energy pfgaeqts. These
are distortions arising from risk premiums and taxation.
Risk 1is 'qaid. to be lower in the public sector d%S to the
ability of governmenté to spread risk err many projects. as
‘well as many individuals kJoskow and Pihdyck, 1979). Private
firms tend to have their risk more concentrated,' leading
them to expect higher returns) as ‘compensation for the
gbqgter range- of possible outcomes. In fact,.,risk ‘premiums
in 'non-qénQentionél energy investments appear to be very
large. The desired real after-tax . return- for the Alsands
project wés 10.5 percent (Mariash,. pers. comm.) compared to
_economy;wide rates in the order of 5 to 7 percent (Helliwell
.andl May,'1976;~TarasofSky et‘al;,,19815.,It is‘nqt entirely

valid, however, to compare a - .desired rate with. historic

- rates, since desired rates will not always be realized.
. &

’ . N 3y .
. Where risk premiums are very large it may be’ argued

that some form of government assistance. is appropriate.

Joskow and Pindyck dispute this:

If- new energy technologies  are ‘inherently risky,
‘there 1is ‘little reason ‘to  believe that the
government can make them any less so. Government
only shifts risk from investors to . taxpayers: it
doe? not eliminate it. (Joskow and Pindyck, 1979,
171 ‘ ) v )

Thus, subsidies will not change the probability distribution .
df,returns,fonlj.red!ﬁe the disutility_ arising A from any

particular return from the perspective of a private firm.
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Concern over taxation focuses on the role of taxes as a

'wedge' between net-of-tax returns, '~upon which private

¢

investment decisions .are made, and gross returns, which
reflect the true opportunity cost of project cépital to
'sdciety. A dispute over ;the distortions created by taxation,

‘ |

in part, reduces to a discussion of which'is the appropriate
social discount rate, the time preference rate, approximatea
bylthe after-tax return on §évings, or the opportunity cost
of capital. rate, approximated by the pre-tax return on
marginal Envestments. This.abstracts from issues such. as
intergenerational equity and r&sk which are also involvgg in
the difference bétweeﬁdddscount.rates. CC

It is often maintained that the proper discount rate
for a public project will.depend largely on the/ source of
funds; pefsbnal inébmev fax reqéﬁﬁe wduid imply 'a\timé
.pfefereﬁce rate as most appropriate, ‘since consumption is
affected, while capital market borrowing would suggest the
oppqrtunity cost of_funds épproach due to its .éffect  on
* investment (Miéhan; 1976). . A - | .

Joskow - and Pindyck - (1979),  in  discussing
nop—con?entional energy, argue that. the relevant rate for
social purposes. should be the gfoss—of4tax rate since
capital "is ' withdrawnA from the private sector, thereby
losing returns froT private investmenfs that would otherwise
" have ,beeﬁ madé'and losing tax revenue that.sdch investments

might have‘generafed." (Joskow and Pindyckﬁ-1979,‘171). This

seems plausible in terms of the use of funds but itﬂreméins
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‘unclear as to which rate is appropriate ‘for inter-temporal

discounting of benefits and costs.

Besides—creating—a—potential—distortion-merely—from

their existence, taxes could cause a further distortion if
they  become a ‘componenf in the political-corporate
-bargaininé prQCess which precedes government approval of
~certain investment projects. For fnon—conventiohal energy
projects this appears possible.j Wirick, referring to the
Canadian context},stagés:

. Ideally, governments should tax away only 'excess'
returns (rent 1in formal economic terminology). Yet
given the technical complexities of the megaprojects
and the bargaining inherent in government-firm
discussions, it is far from easy to -establish what
part is necessary return and what is economic rent.
Companies will posture and threaten to <cancel the
development unless their revenue share is increased.
The two governments (while pressuring each other for
further concessions) will argue ‘that returns are
already adequate and will threaten- to allow the
project = to collapse rather than acguiesce in
‘unreasonable' demands. (Wirick, 1982, 545)

In addition, where excessive or inadequate taxation

results in a divergeénce between pre-tax rankings of various

projects'- returng”’and after-tax rankings, project-by-project

bargaining will |lead to social costs. - ‘

-

Several obse ions emerge from our discussion of the

discount rate issue. Firs rivate firms wishing to engage

'
in synthetic fuel pr ugti‘n expect higher after—~tax rates -
of retﬁrn thaﬁ averag | after-tax returns economy-wide.
- Presumably, ' this is a result of-abo&e—average riék levels
egpe:ienced in non-conventional energy investments due to

uncertain revenues arising from world oil market conditions

\-

o \
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.

and government regulation, and uncertainty over actual final
costs. Second, if taxes are negotiated ~ on a

_____project-by-project basis, private after-tax returns may not

properly reflect social desirability where this is based on
gross-of-tax returns since consistency among the pre- and_
post-tax rates of return for these projects may be lost.
Finally, ralthough the pri&éte rate may be higher than a
vsociél‘rate applied to the same project, it is’ unclear
whether tax and risk factors jpstify this, and further, it

LY

is uncertain what social rate should bk wused in asSessing

~

the net social benefits of non-conventional energy.

2.4 Regulatofy Uncertainty
Existing régulation, such as administered prices'ahd*
environmental controls, has been discussed’ as a possible
source ~of-. market imperfection inhibiting the optimal
development of,avsynfuels industryﬁ_ln.addition to concerns
.over ~these current ciééﬁmstances, uncerfainty over future
" regulatory action may also repfésent afldistdftion.l'Béfore
elabofating on this, héwever,,it,is necessary to distinguish
between ‘direct'AunCertaiﬁty}rwhere unknown future ‘actions
of . governments 5 result in | risk, from situations of

‘ _ . ~ _ .
'reflected' risk (Schmalensee, 1980). " This latter = term
refers to cases Qhefevuncerﬁainty.originatinguelsewhere is
- _passed on to government legislators. A primé exéhple'of.ﬁhié
is’ uncertainty \over futurébenvironmental.;eQUIations.thch‘
~exists because actual environmental effects are presehﬁly

N
A
W



unknown. This is'discussed further in section 2.5.5.
" Direct regulatory uncertainty arises primarily with

respect to prices and as a result, profits. It has been
. (l

‘argued that ‘even if current prices were allowed‘to rise to
world lévels,.there is no assurance that such a.policy would.
continue ~ into the ﬁuture-' (Schmalensee; ©1980).
.Non—conveﬁtiOnal enefg& tefhnolbgies, with  th¢ir heavyu
frontiend capital requirements, may be esbeciglly‘vulnerable
fo fhé vagaries. of gOvefnment ‘pricing policy since
production, once begun, must go on in order to recover any -
portion of éunk'cabital costs.
‘wirick (1982) poinfs out that the ekistence of price‘
reguiatioh and an uncertain world .dO«‘ﬁof in themselves.
create a‘market distortion. This only occurs when either of
two”requirementg are not met. Thev first. is ‘that prices,
taxes, and royalties must bélgpecifiéd'fo; each state of thé
‘ erld orllevel~of world pri¢es. Second1y, any agreement to
such a S;hedule must be equally binding on éll;parties.
_éiven tﬁese cohditions; a sdcially.optimal'rate Of 'indusfry
development‘épuld>occur,ih t§e absencg'of other diétoftionsﬁ
bélthough ’this‘ woula.ulikely »bé lower:‘thén where . such’
regulation did not éxist if.prices.é;é set below-tﬁeir frée
;érket Qélﬁés; For égnada) the first condition is réaséﬁably'
well satisfied by the energy pricing‘agfeemeht of September 
1981, although it only specifies prices4 until .1986.. The
seéona conditidn' ddes_'notrapbear to hold for the,Canadiaﬁ "

case. The mere fact that a rewriting of this agreement Seems
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likely, based on a significant drop in the world price in: v

. early 1983, is.sufficient to make this point.

Although sub51d1es mlght be the prescrlbed solution to

a distortion SUCH a8 ‘regulatory uncertalnty, it would be
ironical if a-Tirm}nasﬁba;d a subsldy to alleviate risk
induced by the very'sénrge'Of subsidyffunds. Instead a more
logidal'step'wouid be to eliminate the source of distortion

thﬁ%ugh approprlately drawn up agreements whlch attempt to

‘partition the nature of the risks involved, and to address

-3

each separately.

2. 5 Non appropriable Benef1ts and Costs

p1scu551on_ so far has. entered haround marhet
distortions' whieh af}ect the pr1vate prof1tab111ty . of
non—conventionall}energyﬂ investments. ' In addition to ‘these
are p0551ble non—appropriahle' benefits and eosts. ”These:
accrue 'out51de of a prlvate accountlng stance but represent,
part'of soc1ally'relevant values, JIt is sometlmes ‘argued
that these factors, for which a 'pr}vater'firm does not -
'receiQe or pay proper reeompense, aLsp_ require corrective
dactlon in ”the7 fbrm 'of protectlve' tariffs or gevernment.
-subsrdles (Schmalensee, 1980) . The.efficacy of ‘su¢h‘;actidn
will ~ depend on the degree to wh1ch these non- approprlable
effects ex1st and whether 1nterna1121ng them in ‘the soc1al"

evaluatlon of non- conventlonal energy 1nvestments represents

the best means of deallng with such externalltlesr
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2.5.1 Learning Effects

One of the major factors cited in arguments favoring
v : \ '
subsidization of new energy technologies,hespecially initial

—— _projects, —is the _qupposedly__pervasive_nature_oi;learning_;__w;_
‘effects that would ‘be associated with commercialization.

-Learning effects, refer to a‘situation of falling long-run
\ .

marginal'unit coets‘as cumulative - 1ndustry output rises

These eftects,‘ which ar dynam1c and 1ndustry w\de in

nature, are not'to be confused with the statlcl‘effect _of
intra-firm economies of ecale. Learning effects,ifo‘the
extent that they, are- 1ndustry w1de and -resnlt from the
actione of a single firm, can represent a: technologlcal
externality wherever a firm is not able to 1nternallze the

value of their experience.‘ Thus, 51tuat1ons may occur in

‘o
: o

wh1ch some form of subs1dy is jUStlfled
,Zlmmerman has’ summar1zed the problem of learning
effects and the1r relevance to new energy technologles.

pollcy debate has 'centered on the w1sdom of
"government - subsidy . for the construction . of-
large-scale commercial = plants., The =~ goal of "
subsidizing the plants 1is - not to produce - new
technological = informatien, " since the technology is
~already- proved Rather, the goal - is to‘ overcome.
: obstacles- to . the introduction of the technology by
Al the private sector. These obstacles are claimed  to
be of an information nature. It is argued that there
are significant 1learning externalities. First,.
observing = other's - experience. leads - to lower
construction costs. . Since  the benefits can '~ be
: realized - by another's investment, there 'is too ,
v .+ 'little incentive to invest. - : ' -

L Second, private firms know the technology w1ll_ :
"~ work, but they ‘do not know how to forecast the costs
accurately The economics of scale-up are unclear
and can only be made clear by ' the construction of
large-scale commerical plants. Only ‘the construction

of new. commercial-sized . plants "can resolve th1s; .
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Furthermore, the whole industry learns from any o
firm's investments. (Zimmerman, 1982, 297) - -

The f1rst set of external effects involve learnlng by d01ng

while- Zimmerman terms the - second group "learning about

ﬁosts”—TZImmerma ~_represent—~a~w~f—f~
distortion yet thelr effects may influence future 1ndustry
development d1fferently
The concept of learning by doing_'is based on the
presence, in some lndustries,d of ahtlearning' curve. ThiSi
-curve relates marginal unit costsito'cumulative industry
- output and is downward sloplng'(Spenoe, 1981). If a firm is
ablelto appropriate the‘reduced-cost.benefits from learning,
.either through'patents'or liCensing;:or if it is .the sole
firm engaged in a production prooess, then no eXternalitv
will occur. There are thus two questlons to-be askedrf does
learning by do1ng.actually occur for'nEW_energy teohnologies
'_and}-if so;,does_partdof'the'henefit generated'occur' as.’an
.external1ty7_ , | S |
Schmalensee (1980) points ont that most sthdies‘ of
learnlngfrelated cost reduct1ons have shown thatﬂthese arev
: more relevant for labor 1nten51ve 1ndustr1es rather than
»capltal 1nten51ve ‘1ndustr1es 'such as energy He goes on to
h‘c1te two studles of learnlng by d01ng in development of 1the:
"nuclear power 1ndustry, a hlghly cap1ta1 1nten51ve 1ndustry
One.ofythese, by-Mooz (1978),';showed. that, 1ndeed} oap1tal ,‘ .
;COStf‘reductions d1d occur With-accnmulated-experience but\ | |
that there was no ev1dence of learnlng related externa11t1es

s1nce‘ "only the firm nconstruct1ng_ a partlcular reactor

L4
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learned from ‘that project how to reduce costs on'later'

lplants" (Schmalensee, 1980, 22). The second study,. by Joskow
‘and Rozanski (1979) examined the significance of increased

reliability of nuclear plants as a function of cumulative

3 o~

J

1ndustry 'output Although they - find "technological"

“improvements’ 1ncreas1ng the ultlmate capac1ty factors of new
'plants at a rate of about 5 percent per year" (Joskow and
‘Rozanski, 1979, 167),< Schmalensee' p01nts ouv\ that jthelr
conclusions A’apply7r mdteh;to .with—in‘rplant rather . than

1ndustry wide experlence.

‘An - ,alternatlve empirical result was produced by

- Zimmerman (]982) ‘ who‘ also tested bfor learnlng in the

nuclear power 1ndustry He found as well that learnlng by‘

‘ d01ng was present and resulted n falllng\ unlt capltal'

costs;‘ slng a statlstlcal regre551on approach he showed

'that the first plantﬂreducedcthe cap1tallcost of the: second»

one by 11.8 percent and the.second'plant reduced'the capital‘

cost of ‘the third by 4 percent. But unllke Mooz, he 'found

that a portlon of these beneflts were. not 1nterna11zed and

did actually occur as -an - externalv economy Based 'On. his

analy51s, with cumulatlve completed plants as the measure of-

o experlence, the value of the externallty was’ approx1mately:

@ - ~

half - that - of the- 1nternallzed beneflt _Desprte» thls
Zimmerman concludes"that'- he"cost sav1ngs ;per ) plant
constructed yere 'small~,and lmore 51gn1f1cantly, they had

little effect on the rate of commerc1al1zatlon. Thus,~1n the -

'f1nal analy51s,' he is_ 1n agreement w1th Schmalensee that
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subsidies would not be justified.

i//
Learning about costs représents a'process.vof rednclng
uncertainty over . technology and its relationship to-costsh
. To the extent that v1nvestment dec151ons are based~ on '
5-—~uw~éeanaccurate~—expected costsf—sugk costs can--mean- large soo4a1~_~__~m
losses such asﬂln'cancellatlon of the Alsands progect ,for |
example. ”Thus. spch 1nformat10n 1s valuable and problems
arise when this 1nformat10n cannot be kept prlvate.v Such a
sltuatlonlusuggests ‘corrective act1on.-rTak1ng’thehcase of .
coal gas1f1cat1on, SchmalanSee-statesh "If, | for “instance}
hjone. can learn the costs of ‘high- Btu Coal ga51f1cat10n only
ﬁby bu1ld1ng a commerc1al scale plant and‘1f the’ knowledge
rthus. galned cannot be patented or kept secret there'may,be-
a case for @government .support. ~of °~ such - a ‘plant's‘
'vconstructiong";(Schmalansee, 1980, 27). |
:Merrowt et “al. (1981), ‘ln a studf-’for Lthet Rand
fCorpOration; ,havehvshown _that for first-of-a-kind energyh

?

';.proce351ng plants, cost overruns' can bp very.s1gn1f1cant I
a sample ofn‘44 plants, the average ratlo of actual flnal
,capltal ‘costs to estlmates at the R&D stage was 2.04. %Th1s_'.; J
,ratIo fell through succe551ve stages of project development
»'Land rev1sed estlmates. The ma3or factors 1nf1uenc1ng cost
loverruns were:_'cost uncerta1nt§ assoc1ated w1th a prOJect D
'§'_.,i1tself due to an ‘early .stage‘ off development -uncerta1nty
"'over' theh~process j1nvolved .and~.external factors snchfas;

strikes:~and egulatory delays.'”By subtractlng “out _the'

‘effects of exter-al . factors, . Merrow was able to descrlbe

L
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overruns in terms of pro;ect and process factors by use of

'regre551on analy51s.

‘The resultlng equatlon, Wthh is contalned in Append1xl

'3;~made'use-of a number of-explanatory varlables_ w1th< the

ratio of estimated to actual cost taken as the dependent

24

variable .One variable 1ncorporated measured the proportlon
,5@ costs - attrlbutable-ml‘ unproven technology- It‘can be
.deduced from the t statlstlc calculated for. the coeff1c1ent,.‘f
which is by far the largest t- statlstlc,-that learnlng aboutl
' costs can s1gn1f1cantly 1nfluence cost~ estlmatlon ;error.j'
tBased on the coeff1c1ent value for ‘the unproven technology'

variable, a‘fTO percent decrease “in »the proportlon»'of :

° unproven technology costs would result in jUSt under a 5

~percentjldecrease» in 'the"average‘_cost est1mat1on error .
(Mérrowk etj al;, 1981) Expressed in, elast1c1ty terms andd"
.evaluated at varlable means, the elast1c1ty of cost growth-
l w1th respect .to' th percentage of new technology is - 83d

(recall cost growth is deflned as the ratlo of est1mated to

ﬁactual~cpsts).

.filmmerman; (198§lhfalsoy teSted‘ for ,théf‘présenée,,Of_’
:hlearnlng about costs'f;n~ his sample dotf’nuclear vpower'
H:aprOJects. He found that thls factor was present as well 'd.'
gresulted 1n a 21 percent reductlon 1n estlmatlon error froml_

'jthe flrst to the second plant a reductlon of 7 percent from.«

AN

'.tthe_'second l.“th th1rd ' and a 4 percent reduct1on in~ -

'.nestlmat;on error ‘in> the ifOUrth plant Accordlng _'toifﬂ:

.}2lmmerman{s calculat1ons, half the value of the 1nformat10n .

S
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‘generated by preceding plants was internalized-with the
remaining 50 percent representing the Vexternality. ,Despite

this =~ he: conc1udes there was lﬁttle'impactfon the rate of

25

commercialization since ~a large number of plants. ‘were .

~.commissioned  before 'information'»from early plants was -

available. ThlS f1nd1ng could have great 51gn1f1cance”,with ‘

r )

fregard o to crash development , programs, ;for ~ fther 2

fnon convent1ona1 energy technolog1es in that theSe programs

may prevent the 1ncorporatlon of 1nformat10n about costs.

N

Estlmatlon accuracy 1mproves through succe551ve plants

‘as 'expected capltal costsv ‘tend to 1ncrease with better
1nformat10n and actual capital costs tend"lto‘-fall —w1th
accumulated experlence. Thus,, the learnlng by d01ng and

_'learnlng about costs phenomena 1nteract mak1ng 1t d1ff1cult

‘to, predlct future 1ndustry costs based on expected costs at'_

'the precommerc1al stage. Schmalensee argues that 51nce "such
'Ahlnformat1on'=‘iish ’-dlfflcult_.gto "evaluate: beforehand"
(Schmalensee,-1980 26); a 5ratlonal sub51dy isl»v1rtually

‘1mp0551b1e., He concludes that although problems ex1st there

“15 no reason to suspect that ‘such‘ a'-ratlonal sub51dy is-

hgunlquely warranted in energy prOJects._-

- A51de from questlons of cost reductlons and ‘estimatlng
v;accuracy ar151ng from learnlng is the matter of uncertaln
lenv1ronmental _effects A ba51c paradox ex1sts-"in that

‘.knowledge"of these effects from wh1ch standards are derlved
‘may not be forthcomlng untll a suff1c1ent number ;of plants

'have been operat1ng for some per1od of t1me' but 1nvestors
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vmay be he51tant to proceed whlle lack1ng f1rm standards on
which. to base thelr technology "To' hth? extent: that th1s
dilemna exists, the constructlon and‘operatlon of flrst of-a
k1nd fac111t1es may have pUbllC goods characterlstlcs that

ould ]UStlfy some form of government 1nterventlon " (Joskow

f——_—éanduPlndyck 1979 173)

2.5.2 Secur1ty of Supply
Based on the petroleum market dlsrupt1ons of 1973 and
1979 and cont1nu1ng tens1on in the Mlddle East con51derable

thcertalnty should be attached to future supplies of forexgn

oil. There can be l1ttle doubt ™ that where supply dlsruptlonS'.'

occur soc1al costs result. These losses arlse from ‘the sharp
‘.prlce 1ncrease wh1ch is assoc1at d w1th or prec1p1tated by,
a reductlon 1n forelgn supplles. An 1mmed1ate consequence is
'~that consumers‘ of‘ petroleum sufferfla loss of consumers-f
surplus. But losses will extend out51de the_petroleum market
ltSelf. A study ,by the Canadlan Energy Research Instltute
'(CERI) examlned the impacts. of a -permanent 'oil price'
_1ncrease (Angev1ne,f 1980) vfhe study‘Awas. based on a 50:
'percent 1ncrease 1n the 1mport prxce 1n 1980 a. 24 percent;
'frise. in . 1981 12 percent 1ncrements 1n 1982 and 1983 ‘and a
10 percent rlse in 1984 The domestlc pr1ce was also assumed
to“converge to 'world evels- w1th1n 2. syears._ Angev1ne

.

concludes that~’

\

"The analys1s"of the effects of a sharp 011 prlce'

increase. on aggregate. production levels, 1n ion;,
arfd employment indicates that- they . d not be
‘1n51gn1f1cant. ngher energy prlces wou increase.
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un1t prod ction costs and selllng prices over a wide
range .of, modities. In fact, the overall rate of
~inflation ) indicated to = average about 2,5
~percentage p01nts higher dur1ng the first five years
follow1ng the assumed change in -domestic ©0il- price
policy.” "The’ analys1s., also demonstrates that
generally higher prices: would weaken aggregate
demand, slowing the growth rate of the economy by an
average annual percentage factor of 0.6 during the
1980~ 84 period, and rals1ng the unemployment rate by
about 1.3 percentage points durlng the same time.

(Angev1ne, 1980,
Although soc1al costs from a temporary supply shOck

' would tend "to  reverse themselves once'prices returned'to

previous levels, hlstor1cal experlence indicates that sudden

‘price. 1ncreases under these c1rcumstances jare generally

maintained after supply'haS»normalized.

If- a significanbl-cost is associated with any supply

disruption, a case can ,be made for the ‘social"cost‘ of.

impoftsﬂ being_ greater than the 1mport /pr1ce (Kline.and

' Weyant B2).> Powrie and Galner (199%) evaluate ~ the

expect@d social cost for ‘any’ p0551b1e supply shock as the

total soc'al cost assoc1ated with the dlsruptlon tlmes the

probab111>y of that,ﬂevent occurrlng An approach such as

vthisnresults-in.a‘probability~density fuhctjon ‘with the area"

renclosed by the functionvrepresenting the annual expected

‘cost of a supply ‘shock. This 7value” would Qe"the maximum -
,'amount a country would be w1111ng to pay, over and ‘above the
"current market prlce, to ensure a certairn supply of_ oill ‘

'Add1ng thlS value to the 1mport price glves the true social’

cost of 1mported o1l. ‘Thus, it is argued, a non-appropriable

beneflt may arlse_'to society to‘the extent that private

flrms engaged in llquefactlon, or any other form ofibimport

ﬁ \ '.

_//

3
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SUbstitﬁtion, reduce the-vdluﬁe of imported petrdleum (Lee,
’ : \rs

TR e aman e

1982). - This 'Béneﬁit would be equal to the true social cost

of .each import barrel displaced minus its market price.
~_ ’

-

. On the othef hand, more 'regent instébility in OPEC
presents the ‘possibiiity that import prices mayv be
éubstaﬁtially reduced in the.future. If capital-intensive
import substitution takes ‘place, and prices fall below
productionn costs, al significant social lcost’ could be
incurred. Such ‘projectgj W6Lid.-likely‘>receive sﬁfficient

revenue to cover short-run marginal'costs but sunk capital

L -

cdsts might never be recovered, imposing bothfa private and

~Social"loss.,1f this scenario was Highly likely, the import

'ptemium' might well be negative. -
~ Security of supply could be enhanced by a number of

methods of which two are _worth mentioning.'One iss based on

_ ) P 4 ) : - . . :
~ the premise that 1if "the true cost of imports exceeds the

. -y _
market price, ... a tariff 1is necessary to cause . .import

decisions to ‘reflect the ’full:'cost of these imports'to
‘society." (Schmalensee, 1980,  6). Use of a tariff would ‘be

~assumed to allow for development of indigenous'sources and

~thus represents a self—Sufficiéndy ‘or import .- substitution

option. An alternative means is 'the establishment of a

1

Stfategicistdckpile of petroleum. A study Dby Rowen = and

Weyant (1982) assessed implications for- GNP losses of.

- several sizes of supply disruptions and different stratégic

3 o

- Stockpile levels. Their results indicated that stockpiles

heldvin’either the U.S. or OECD countries-at-large would
- v , : .

- 1
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produce * conSiderable benefits 'in- the event of major
—~~“~disruptions—in—supp}yr—StockpL&ingAwouldma&iow—for~continued——-~ﬂ—~;
importation of.oil with the césts' of a strgtegic resé;ve
constiﬁuting a-férm of insdéance premium.’
An attempt has been méde to cohpare the two options,
dsing Australia as an example (Ulph and Folie, f981). The
éltérnatives cbmpared.are a stoékpiie equal toVQO perceht of
annual imports -and a tariff allowing‘aelf—sufficiency of 50
percent of imports. The < ldtter aiternative includes
liquefactioh‘ and other non-conventional technoloéies..The
‘social costs of stockpiling are'caldulated as the ‘purchase
f/ﬁrice andA storage cost of the"néces§aﬁ§ ‘oil. For
"self-sufficiency, the social cdst is»'tbehvwelfare' loss
resulting from the tariff. 'This‘ inclﬁdes the loss in
Consumers"surplus frsh higher priées[vpl?s real producpion ) i
costs (associated with'incfeasing domestic supply) in excéss |
of import costs. Using a 10 percent discount :rate it was
_:found that thelipreseht value cost of the Self—sufficféncx.
option was double that of StockpilingQ 'In addition, the
assumed level of éelé-Sufficiénéf would provide 6nly.limitéd
proteétiohragainst an éﬁbargo since some oil would still be
‘imported whereas the stockpilé'would eséentially eliminate
thé threat, at leaét for some time. Based on at least: one
- set pf assumptions, then, it wouldgseém import substitution )
may not present the most efficient means of decreasing
vuinerability_;to suppiy disrﬁptioné. If this werevﬁore

)

generally true, no subsidy cbuld be justified on security of
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supply grounds. This conclusion is enhanced where the

_possibility of reduced import prices in the future could

incur social costs if import substitution is pursued in . the

_

2.5.3 Balance of Payments

The development of an import—substituting<

non-conventional energy industry might be expected to
alleviate several balance of payments problems associated
with imported oil. Dawson and SlagorSky' suggest  two

possibilities: a reduction in any baiance‘ of payments

deficit and a reduction in the "instability in the* balance

of payments that is occasioned by sharp upward movements in

wofldzoil,prices" (Dawsgn and Slagdrsky, 1981, 83); ?héy go

on to dismiss the latter argumenf based on the premise that
- it has not' been uncommdn for prices of ‘primary products

tfaded ihternatidnally to fluctﬁate Qwidely and therefo:e,

[

such impacts would not be unigue to oil imports. It 'is

instead the effect of a reductibn'in_thé 0il import bill

which is. most deserving of attention.

The establishment. of a non-conventional enébgyvsector,

incldding liQuefactidn, would have impacts:on the balance of

paymentsfldiréctly through‘ reduced Réf?;leum imports and

through development of an industry which would likely import

both capital and materials. IhgessenCé, an annual capital

.

outflow (to purchase imports) vouldlbe replacéd.by a large

capital  inflow initially - (during the'tonstructidn,period)

!



31 .
followed by annual debt service and principal payments

which, on average, could be a significant proportion of the

displaced import charge. Impacts would occur over time in
response to initial changes in the trade . balance, eichange
rate, andiforeign exchange reserves.

Powrle (1979) has- outlined the effects of an increase
in natural .gas' exports on the balance of payments and his.
analysis can be readaly adapted to the 'case of 1mport
substitution based on ' the ‘assumption that reduced o0il
imports would in a sense 'create' foreign exchange "reserves
'which could be used for other ‘purposes. .To the extent that
llquefactlon would parallel gas exports in terms of impacts
on the balance‘ of payments, the follow1ng 1n1t1al effects
~could be‘expected:vlncreasesb1n the trade balancei\ exchange
‘rate, foreign reserves, moneyfsupply,.and-national income,
and reductlons in the government def1c1t and 1nterest rates.
1f a non-conventlonal. energy progect 1s part1ally fore1gn
financed there would also be an  increase in - forelgn
indebtedness. Repayment of thlS 1ndebtedness would serve to
offset the»effects descrlbed above. In the longer run'uthe

: A\ : .
1n1t1al impacts- would tend to pale. Powrle summarizes the
ultlmate 1mpact of 1ncreased gas exports as follows

Flrst, becauseelt stimulates employment’and income, .,
it leads to some increase 1in 'demand for imports.
Second,. because - it creates additional earnings of
‘forelgn currency, it leads either to an increase .in
the foreign exchange reserves or to-an appreciation
of the Canadian: dollar in foreign exchange markets,
or to some combination of these. Appreciation of the
Canadian dollar in’ turn causes - other 1mports to "

_increase and other exports to decrease. An increase
“in the foreign exchange reserves will, unless offset
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by other measures at the discretion of - the central
bank, cause an increase in the domest1c money supply
‘and thus lower domestic interest rates, ~which,. in-
turn, may stimulate the economy and increase the

demand“for'imports, and alsc reduce nmet inflows ~of
foreign capital. In short, a given increase in
.exports sets in motion a-seriés of events which, .one
way or another, leads to increased imports, reduced
other exports, and reduced net capital' inflows, in
some - combination that leaves the overall balance of
payments ultimately unimproved. (Powrie, 1979, 19)
It would ‘dppear then that as a means of”righting some
unde51rable situation = in .the balance of  payments,
subst1tut1on ~of domestiqally produced o0il for imports may
not be the answer |
Add1tlona1 support for thlS can be found 1n studles on
lllmport substltutlon in less developed countrles' durlng the_,l

post war perlod if it could be argued that replac1ng',

1mported petroleum with non conventlonal sources . means

o developlng an 1ndustry for whlch no comparative{advantage

‘exiSts, a 51tuatlon could result 51m11ar to. that whlch aroseﬁ

“51n some post war LDC S:

As 1neff1c1ent industries were brought. @ into
existence behind tariff walls, they attracted scarce
’factors of production away from previously efficient
and competitive industries. The exchange rate rose
as imports were reduced, ‘lowering prices received by
exporters. Efficient vexport industries were thus-
forced out of business by the dual taxes!,of higher -
- factor costs ~and lower product prices. In.a sense,”
v'import‘substitutlon policies had led to the creation.
of . inefficient,- high-cost industries for the
manufacture of prev1ously imported goods and the ..
~.destruction - of efficient export industries, without
any net gain in employment and with a decrease in
. the - value | of output evaluated at . world prices..
“(Grubel, 1977, - 118) S »

!

- A 'situation such as thlS would obv1ously have 1mpacts well -

' beyond the conflnes of the balance of payments.

<
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A more_plausible alternative to importgsubstitUtionV'as-

a .means of reducing balance ofupayments problems arising

'(1981). ‘In thelr study of. pollcy options for reducing

Australia's 1ncrea51ng dependence on foreign 0il ~ they

compared import substltutlon "to a policy.of:'switching'.
eThls latter approach 1nvolves spreadlng the adjustment - to
larger "511 imports "throughout the traded—goods sector;
encouraglng the expan51on of all export and 1mport competlng

sectors” (Ulph and Folle, T981‘ 12) rather than absorblng

’it in the. 011 sector alone. ThlS would be ach1eved through al

.fpollcy of admlnlstered devaluat1on over a lengthy perlod of
time. They find, hased on certaln assumptlons as fto';lmport
“demand and export supply 'elast1c1t1es, that the requ1red
devaluatlon to ma1nta1n the relatlve p051tlon of oil: among

‘f1mports would average ]ust under 1 percent per year over 25

fromma;largeaoil;importwbill;islsuggested“by;ulph_andw"Eolie_m

Lyears.;ln fact they argue that thls' pollcy' would _enhance'b

‘;domestlc productlon(Qf;01l although perhaps only modestly,;

f"as the average domestic - pr1ce of 1mports rlses,

flt ~wou1d~ seem- then that 1mport substltutlon may not

‘spresent a preferred means of reduc1ng balance of.rpayments'

‘problems assoc1ated g.w1th a large 1mport bill. -Thisf‘k

: observat1on would - be enhanced ‘where foreign 'fundingf='
LA
1nvolved 51nce any reduct1on 1n cap1tal outflows prev1ously

'used to. purchase 1mported oil would now be partlally offset

by*' debt. serv1ce‘ and pr1nc1pa1 payments Thus,' little

justification may~be»found er lé"non approprlable‘ benefit
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jaccruing from'import‘substitution; S .

2.5, 4 Employment and Income Bene£1ts_

Another argument that has ubeen _advanced for . ‘ eA'
'substrtution ~of non convent1onal energy sources for 1mports

istthe enhancement of 1ncome and employment' opportunltles

that-:would' supposedly arlse. Such beneflts have often been_ 3

tthe Justlflcatlon for ‘the erectlon of trade barrlers;n not.
always w1th the greatest success once a’ full accountlng of
'.all benefits and costs has been ‘made. Before proceeding ~ on
'th;s point -én" explanatlon' as “to What”constitutesvtnese"
benefits nouldfbe‘in'order' | | o o

'-Empldyment and 1ncome beneflts are sard to arise where;f
‘prev1ously unemployed factors of productlon are put to “work
-elther' d1rect1y or- through’ the multlpller effects emanatlng

from new. 1nvestment expendlture. Both the constructlon and -

operat1on 'of large energy process plants result 1n demands:f'

for goods and serv1ces from other sectors As ulabor' income

accruesli"to both d1rect factors 'and 1ndirectly' linkedfl_lub

'LnduStries,iit»is'in turn‘spent_resultlng jn_furtner-induced'
;leffects. _ | 'v i |

The sum of direct » 1nd1rect ‘.and 1nduced .employment
effects,:vwhere'vthese resources were prev1ously unemployed
yould represent }a net. soc1al galn' in-'output “This fisr
'Aeguiyalent »fto ‘asaying : that B unemployed labor "nas';an
‘opportunlty cost or shadow price of zero;'»Ini many ‘cases,:'

4though dlrect 1nd1rect and 1nduced 1ncome 1s generated at
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"~ the expense of income from production in other sectors,

rather than'.in_jaddltlon to it.. Thus, stimulation of

production7 in some"1ndustr1es is offset by a reductlon of.

act1v1ty 1n others When this occurs a new progect merely

draWs_ labor away “from. ex1st1ng employment and b1ds .up -wages

in the process, as a result,.,some -marglnal flrms are no

longer"profitable with {the “higher wageh.bill.dand cease

'production.,Iffthisloccurred,‘and.no alternative' employment
for ' the factorsv'involyed “existed, a secondary cost would
’?result; 'This p01nts 'up’ the ‘important \notion' that' the

1nc1dence of - employment and 1ncome bénefits will trely'

A

crUClally on, the status of resource ut111zat1on Where this

is hlgh,‘~and ~:th1sm..was‘t_he case in Alberta through much of

\\che past’decade,'it wouldfbe d1ff1cult to- prove_'that ,these

”dbenefits_ hwereﬂ not fully negated by ;secondary costsy_]'

.e

resultlng in'a net effect of zero.

For s1tuat10ns of full or near full employment éeneral'
lequ111br1um analy51s would be more appropr;ate 'thanr thej
‘partlal equ111br1um , approach embodled in’_mult1pller.
'jnanalys1s. in. th1s way, as factors are b1d away from ex1st1ngh"

{employment account can be made for the general rlse 1n"

/factor prlces that can be expected..Thus, a -new ‘enterprlse,

'such has~,‘ ,large,energy pro;ect, w111 be shown to cause an"

'increasecin production costsvrather than create new .realﬁ.-

.1ncome.'f R

i

Desp1te the apparent lack of 'sp1noff income -Stemminé"'

from : “vprOJect 1n such a 51tuat1on, any red1str1but10n of

.
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“income .will be relevant. Where this occurs; and this falls

in 11ne with a stated pollcy, a nonrefficiency or equity

' .beneflt may arlse

~I'n—the- eventwthat—resourcemutlllzatlonmls not—full, —as-—
"a result of reg1onal and structural factors, employment and
’income benefits may be more meanlngful as4‘ eff1c1encyv
benefltsl 'This. may be hespecially so. with. large energy
progects where dlrect and Spanff employment is hlghly"
v151ble, .espec1ally ”“ ‘a reglonal scale. Although no dataA
exists ont.coal"liquefactlon,t analy51s done on the now
%defunct Alsands pro;ect would be . 1nstruct1ve. ’.

A Canadlan Energy Research Instltute (CEﬁI) 'studygj
'sponsored by the ‘nine members of the Alsands consort1um>

.‘modelled the prlmary and secondary 1mpacts _on' 1ncome 'and'
_femployment .expected to stem from the pro;ect (Douglas and
Z Machllan,- 1982) Maklng 'Use ,of';the_ Statlstlcs Canada

>'1nterprov1nc1al 1nput output table, wh1ch adjusts for 1mport"

leakages,_lmpacts arlslng Cin each of flve. reg1ons uwereﬂ”“

' ‘calculated. The dlrect labor'~1ncome component acCruing"

*_nat1onally from the $7. 91 bllllon constructlon expendlture‘
‘_(constant .~1980’ dollars) would -havem amounted to -$4f65”'
jhlllion. Ind1rect and 1nduced 1ncome from thé' éoﬁstrﬁctidn*
‘phase' would have otalled $5 3 bllllon. Thus, 1t1could be
»argued that w1th the ex1stence of ‘an 1nexhaust1b1e supply of

y'unemployed labor resources an addltlonal progect benef1t of

~ L

Just under $10 bllllon would 'have- épcrued In terms of -

]soclal accountlng, $4 65 bllllon could be deb1ted from the

N
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constructlon cost. and $5.3 bllllon could ‘be added to pro;ect
N

benef1ts con51st1ng prlmarlly of oil revenues. These values

exclude any con51deratlon of employment or 1ncome benef1ts"

arlslng durlng the operatlng phase ‘of the- progect

The reglonal dlstrlbutlon. of 1ncome,4is‘ also worth
notlng Although only 26 percent of vdirect income. during
constructlon _1s earned in Ontarlo and Quebec, 52,percent'or .

double this proportlon is- earned- in these provinces as

-_1nd1rect: or_ 1nduced 1ncome Clearly a’ pro;ect of thlS 51ze-“'

ldoes not. jUSt beneflt the province in wh1ch 1t is located
ﬁbne_f of - ,thed assumptlons‘ 1mp11c1t ‘in _1nput output L
: analysis is hthaty}substltut1on vbetween factors ~does _not
oCCur,-'as aggregate"outputd'changes, .ori 1n other’wordsy
lifactor prlces are constant. This 1mp11es 'the ‘ex1stence of
excessxvcapac1ty :in: 1ndustry Had the Alsands prOJect gone‘
'ahead,ithe 'current.-SLtuatlon_ inr_Alberta’-may well. have
Ifljustifled suchfan assumption. o
A number of problems arlse w1th enterlng %mploymentrand'
;1ncome effects as efflclency benef1ts Flrst these benefltst
”may be va11d 1n the: presence‘rof, reglonal or structural}
,unemployment but ‘notv7necessarily where a pollcy created

»def1c1ency 1n aggregate demand ex1sts. Pearse and Nash state

'-3that.' "If ]a government fallsvito‘ use flscal or monetary

pollcy to prevent such a def1c1ency in aggregate demand it
hasllchosenvrto sacr1f1ce full employment to the pursu1t of -
"uother macro- economlc objectlves "(Pearse and._Nash, 1981,y

.109)._ Employment ~of currently gunemployedg_labord,in the

[
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project in 'question' would then be argued to mitigate some
;;other stated pollcy objectlve, such as price'*stability,
h_psuggestlng the ex1stence of an opportunlty cost or p051t1ve,-~

shadow pricefof this labor.

"Secondly, where‘ ther 1nvestment alternatlves ex1st
»regionally,‘and 51m11ar employment and 1ncome beneflts could1.
vbe expected _to arlse' from these, the occurence of suchv
beneflts. would be‘:.lrrelevantv‘ to"'the._ ch01ce amOngth
alternatives, whlch is the essence of beneflt cost analys1s
A related p01nt where other alternatlves are p0551ble,_ is
that the progect in questlon may not be the best means to go-
about vst1mulat1ng the-'reglonal economy Thus, 'if‘ “the
1ntentlonv‘is to enhance reg1onal employmen@ opportunltles,
'and a better route ex1sts,' a 'soclal 1cost could actually”
‘result _from.‘pursulng ‘the:.projectv ln question‘1nstead of‘
preferred alternatlves (Dawson and Slagorskyi,_1981)" This
-;may be espec1ally true of non- conventlonal energy progects;

since many of the sp;noff-effects occur out51de the reglonal '

accountlng stance.

There is an additional aspect of employment and inCome‘ o

'beneflts that > may warrant con51deratlon, espec1ally w1th_
_regard to the 'Alberta- 51tuat10n.b wherej dependence,y on
"resource revenue 1s a fact such as In-Alberta; the state of
’the reglonal ;conomy can be argued to rise and fall w1th ‘the
_ pr1ces that are recelved for its resources. ThlS suggests a .

‘relatlonshlp between the pr1vate prof1tab111ty ;of: resource

‘pro]ects, _on‘\the one hand, and the incidence of employment’ -
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and income ‘benefits as "-determined by the state of excess
supply 1n labor markets, on the other This can be tested
for Alberta by comparlng the correlatlon between the landed

himport prlce.of o1l, whlch reflects act1v1ty in ‘thef most_'

relevant résourcé“mafket “and prov1nc1al economlc act1v1ty,
as measured by Gross Domestlc Product at. Market Pr1ces,‘ to
jthe same _measure. correlated w1th Gross Natlonal Pr duct.‘
instead};AThe calculated correlatlon 'coeff1c1ents‘ fuslng_‘
currentl dollars' for the 1974 81 perlod 1s’.960 fordAlberta
"and .936 for Canada“’ (World 011 "1982;'_Alberta'yBureauh of -
'étatistics, 1982)‘-This WOuld-suggestvthat’Albertaris indeed
‘more vulnerable to the vagarles of the world 011 market. - As
"h*world ~pr1ces rise, sop,does‘_the reglonal economy, wh11e
'falllng prices mould tséem _lto ' resultAv in w1despread
‘unemployment as w1tnessed throughout 1982»and.1983
What is of 1nterest here is that as world prlceso fall
hand the- prof1tab111ty of tar sands and l1quefact10n venturesffu
.hdlmlnlshes,_the employment and _rncome beneflts emanatlng
nm:from' these. projects"_wlll:cacqulre' greater legltlmfcy In
effect, where.lncluSloh‘of» these' benefits is valld the‘
;shc1al value.yof ,a>'project‘.may ,bé _malntalned/ or‘ even':
f1ncreased .as_ non- approprlable beneflts serve*fto 'offsetﬁ
falllng pr1vate profltablllty Thus, a 51tuat10n may develop
.where a pro;ect_becomes 1ncreas1ngly des1rable from azsoc;al“_,l
'perspectiye ”but progresslvely.less so'from'a}briVate éoint~

of view. ST SRR
i I - . | o s
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The example of Alsands may -serve top illustrate this
point. ‘Assuming' a 30 year - progect llfe, production‘of‘
140,000 lbarrels per day, a . 310 day ‘annual .operating

schedule, and a 7.5 percent discount rate, a $10 drop;in'the‘

.o

;_m_wml_l;mimporthpricemipr“the?duration of theiprojectbwould,'cause a. -
$5.J3‘_billion drop 7inllthe present Valuefof revenue. With
dlrect, indirect;vandfinducedf.labor} income ‘totalllng $10,
billion in dtheb constr0ction' staée 'albne, if even half
:amounted to a legltlmate efficiency'benefit-‘this loss would
be‘ negated Con51der1ng the effects of a more recent $5 per
«barrel prlce cut by OPEC in early 1983 .sufflcent unemployed
resources fm1ght : wellw be - avallable ,prov1nc1ally and:
natlonally to warrant thlS p0551b111ty f‘"[: “'/;/

vAlthough much» f the analy51s in 'th%sléectionfhash;
focused on secondary benef1ts from tar sands projects,_ 1heh

‘case for- llquefactlon would be much the 'same;'Certain-‘-

| problems arise when- attempts are made to binclude secondaryn_]

"’beneflts 1n the benefit- cost calculus, even 1n the presence

-~

of"unemployed resources. It would appear that each pro;ect_“

'

':musth be[_eXamined:'onb its " own mer1ts with regard to the a
-v?current lStatus er'economigf%act1v1ty and other ' v1able o
l1nvestment' alternatlves. It might also be po1nted out thathb
',potentlal llquefactlon 51tes tend to be closer fto_ exlstlng B
' populatlon centers than those for tar sand development. Th1sb

may have 1mp11cat1ons, from a pollcy perspect1ve,‘-for :the

d1str1but10n-of‘1ncome stemming from such pro;ects.”,*
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2.5.5 Environmental Costs
‘Although'the.case_for nonﬁappropriable benefits from

import substitution has been vigorously argued, the issue of

non- approprlable costs has 1argely been 1gnored Thls issue

prlmarlly concerns the occurence of external env1ronmental‘

costs in the production of synthetic'fuels}_'An externality

is said . to occur when the "consumption or production’

dec151ons of one agent affect thno consumptloa.or production

opportun1t1es' open t& another dlrectly, rather than through
the prices which he faces.' (Layard and Walters,v1978 189).

Large 1ndustr1al prooesses, _such as l1quefaction or tar

L

sands developments, are notor1ous for imposing ‘a ‘large

varlety of. external costs on society, pr1mar1ly in the form

of“toxioﬁemissionsxand'effluents, land degradatlon, thermal
. : \ v

and noise "pollution, and loss of aesthetlc value. Where

these costs of'pfoduct}on have not. been Lnternallzedj.'a

‘social cost ensues. which is not “reflected in private

 profitability. Whereas the existence”gof' non—aopropriable

benefits would: suggest that too’ few oflsoc1ety s resources

-

’Tare : devoted to .a partlcular , economrc act1v1ty,
. . | N\

non approprlable ‘costs’  would- result infjust-the opp051te_
.Thus, the incidence of external env1ronmental costs may, at

least ‘togusome.extent, serve. to offset any mlsallocatlon of

resources  resulting ﬂ-.from' vlegltlmately - occurrlng

) L, ) R - " L |
non-appropriable. benefits.
. Where environmental  externalities" occur,  economic

i ]

'bltheory suggeSts."the use of effluent charges, taxes, and the

-
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_ - R S
like" (Dorfman, 1977, 32). In the real world this may not

always - be possible or :practical with the plethora of

&

‘

" for all coal mlnes regardless of end use.

‘llquefactlon

external costs that abound among variouSienergy industries.

‘What. may be of more importance is “the magnitude  of

o ‘ | ‘ v ]
environmental costs associated with any single .energy
. . . ' .

P

o . 9 T C D
technology relative-to that of other teéchnologies. Toeythe._

extent that’ external costs associatedf with,

liquefaction resemble those. of coal- flred power generaﬁion

or tar sands development, it may be difficult to argue thati
1iquefaction‘should be singled out for-correct1ye measunes}‘77
Since it 1is coal liguefaction'with which we are‘primaril§ﬂ’*
interested,_ wewvturn.'now to - an.; assessment . of ihé'jg\
’environmental' costs of this technology relative to other:

.* yses of coal and non-conventional sources of oil.

External costs’ in liquefaction can'nbe divided into

those arlslng from coal mine operatlon and those involving

[

!'have been the subject of much attentlon and dlscu551ons of”

-y |

:’these are plentlful (Cameron, 7 1980; ‘u.s. Congress,.1982-v

" concern effects . on groundwater of ac1d mrne dralnage and

reélamation of Certain soil—types These would. be slmllarr

@:.

-~

”'thef-<extent‘_ of \env1ronmental : damage’.arlslng from a’

M&a LAl
int, OW1ng to the early stage of development

B B : :n,- -
JJ LI y [ -

.- - . i
A . . . . . |

sisay,

Unfortunately; no detalled 1nformat10n is aVallable on

'plant‘ operatlon : Env1ronmental costs of cOalrstrip—mining’

,Blakeman}.Draper{,and.Dwyer, 1982).. Problem _areas. chiefly’ g

r.=th15 was\ dlscussed earlier as a factor in the regulatory
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uncertainty . faced by private firms. Despite these
"limitations, thoPgh, some speculation has been;,made as to
;*7““‘_”“the_‘envfronmentai“—implications“_which“could—bemexpected7“A~~—“~—~—
“ preliminary assessment by the Los :Alamos, Scientific
Laboratory‘ (1980) has outlfned the issues ‘that will be '
‘involved.A . . | | |
‘Qccupational hazards faced by those empioyed' at a
’Fliduefaction complex "closely resemble those in coal miningr,
plus oil-:refining or petrochemicals'Amanufacture." (Los‘
Alamos Sc1ent1f1c Laboratory; 1980 1b). Chieflf of' concern
. are mechanlcal ‘hazards, such as mhose -associated w1th any
-industrial compiex, and'fugltlve emlssrons of acutely  and
-chronlcally ‘tox1c substances. Thfs latter'category contains
a number of compounds found at most petrochemlcal sites such
as carbon monoxlde, metal carbonyls, solvents, and acids. -
R also 1ncludes a number of chronlcally tox1c and carc1nogen1cb

@,

compounds wh1ch result from the chemlcal nature of

 coal and_ which are more spec;flcally ,assoc1ated w1th

iiquefaction' . \A

PR L L1quefact1on of coal w1ll also produce -emissions of

nitrogen ox1des, sulfur ox1des, and carbon dlox1dei The'L054
‘Alamos study compared em1551ons cof these 'subStances'
assoc1ated with liquefactlon. to those assoc1ated with the

dlrect combustlon of coal Comparlsons were made ‘for_ both

-~

'constructlon and operatlon phases of productlon and for fuel

. end-uses. Their findings, based on’ emlSSIQnS per ‘unit of

B

end-use energy, can be summarized as follows: .

e~ -

<
v



1. Nitrogen oxides would be higher from liquefaction in the

order of 70 percent to 160 percent, depending on the

llquefactlonma_process. Em1551ons would be . most
-51gn1flqant in the operatlon and end use stages

"2, ‘Sulfur ox1des ratlngs depend on the llquefactlon process
consldered Pyroly51s ~would - result ‘in ‘a 51gn1f1cant

reductlon in em1551ons, prlmarlly as a result of burn1ng
of the char - residue. ﬁor‘ other ,processes, 'em1551ons‘,
would_ not - .differ' tremendously: from: direct COalh
combustion.° | | .
3. vCarbona.dioxide emissrons ' wouid -be . increased by

;approxrmately ZQ'percent‘to 80,percent;'depending;on'the

»process - v:' o o S ‘:’
_It should be p01nted out that by product carbon dlox1de may
find a use 1n enhanced recovery of conventlonal oil. 4

As a non-conventional source of oil, llquefactlon‘can

most readily be'compa;ed“to oil'fromhthe tar sands..A study‘
by Dynawest Projects' Ltd.b_(1983)y aside_from'determining
'relative .‘production .'costs,b' assessed' “the :: re}atiye
.env1ronmental 1mpact of the two technologles Usingja'coﬁmon.
progect.51ze of,120,000 barrels per day, he.“land'.area-
’réquiredb (inclusive‘ of mine and talllngs pond) would be
someWhat greater for'liquefaCtion at- 80 km*; versus 452, km’_
for. the tar.sand process.’Evenbthough land‘is diSturbed by
coal - mining  fo rn a_ much'vshOrter fperiod'"of ‘time, ‘the
‘opportumty cost of ‘ thl"lgr;d w'ould' R on a.ver_ag.e rnuch

higher. This 1s due to the high agriculturai value of"much :



of the land overlaylng coal dep051ts, whereas .land in the
tar sands reglon has v1rtually no agrlcultural potential.

Water consumptlon by both- proCesses is approx1mately'

75, 000 m* per day or 625 liters per barrel. This represents,

only a small fractlon of the total amount of water actually' -

wlthdrawn. Since coal deoos1ts ‘are generally located 1n
central or southern, Alberta; 'where “water ‘is relat;vely
-scarce,‘ water; in} this' regiondmight.be expected to‘haweua
'hlgher opportunlty cost than.water 1n the tar sands area of
fthe ‘north;y. therefore, commlttlng large quantltles of_water
to l1quefact10n must be con51dered _ln‘ llght ‘of"the net
Lbreturns this. water could generate elsewhere 1n the economy .
In order to assess-'the use_ ofliwater_ tor' coollng _in"ay
liguefactionjfplant'l—v.thel‘prlnciple use: of water in all‘
»energy'processing_plants - agalnst alternatlve uses, v1ts*
'economic.:value vto,lliquefactlon must first be determlned

This isldone byhestimating.the additional"costs ,ofi movingu
froma use of a coollng technology whlch is- relat1vely_
1nexpen51ve but requ1res 1arge quantltles of water to use of
a technology whlch is hlghly eff1c1ent 1n water use but more_

'costly D1v1d1ng these extra costs by the amount~» £ water'

 freed - for ‘other uses glves the economlc value of thlS water:\sf-“‘

to'liquefactlon, . R L v 3 _

A 'r'e‘cent' s»tuch_i'y by Datamet':ic_s '_ (1983) ;._détéiléa ‘»the_._' |
additional‘costs_aSSociatedfwithﬁreducing :lndustrial 'water”f
cohsumption;t Although costs were determlned for a thermal

s,

power_fplanty’with- a 'muchj smaller water: demand than;f
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llquefactlon plant, ‘the study states the follow1ng'

'Cool1ng technologles vary . llttle between the
different energy processing -industries and there
appear to be 1little if any economies of scale

relatlng to cooling costs. (DatamEtrics, 1983 45)

xBased on the above,.results from the study are adapted here'
-to the case of coal l1quefactlon ' | /

:The jcool1ng technology 1ntegrated into.the Dynawesth
cost estrmate is cool1ng towers, with a water requ1rement of
‘about- 13 percent of "the, requlrement of a once-throughd
system. By supplementlng he‘ coollng"towers'lwlth~ air'
coollng, ‘the coal process could reduce 1ts consumptlve water
'demand by about 80 percent to approx1mately 15 OOO m? per“

day or';JZS llters' per. barrel D01ng so, however,»wouldv

lncrease ‘the present value of productlon ‘costs by about $ 6Tv_3-

per . m’ iof;~w1thdrawal water: freed, - u51ng a 7 5 percent,}
fdlscountp,rate,_and Ra 25 ‘year project life. \Completely ,
'elimlnatingrlwaterf withdrawals by using«aiclosed:system7air
fcooling—refrigeratlon” technology :would 1nCrease“' present"
.‘;value costs by about $. 89 per m"of water freed |
Where: net returns to water 1n' alternatlve usesfgin a.
;'riyer ®a51n are greater than $. 61 per m"but less than $ 89l

' er”m” coolln towers 1n a 11 uefactlon com lex (or in: any
p 9 P v

other’ energy proce551ng plant) should be supplemented by a1r"

"coollng If water in altérnatlve’uses has an economlc valPej-\

'vgreater _than $ 89 per m3 the closed system approach ‘should

be 1mplemented “Tb l_-v,f .?;“/}fa

S : SO

Regardlng atmospheric/emlss1ons’ o11 sands pro;ects can

' be expected to gerieraté higher amounts~’of sulfur. thany
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liquefaction projects due to the higher'Asulfur. content ~of

‘the  bitumen feedstock. These higher. sulfur emissions,

‘howerer' would-be ‘SOmewhat offSet . by higher‘ particulate

\\\\\

em1551ons~ufrom the—llquefact1on process. _AS— w1th“water usev____mu_w

a comparlson of the soc1al costs: of the two processes should

1nclude the potent1a1 “fo externalltles arlslng from tar

sands upgrad1ng as a result of 1ncreased .sulfur -emissions.

AThe.ac;d-rarn caused by,excess1ve sulfur releases represents

a*lproblemf-for.;industrialized countries7;exceeded>- only,

perhaps;",by” the global 'impact' of -carbon dioxide

~.accumulation. One’ means of reflectlng thlS concern' in

éomparing; the twb‘ non- conventlonal ’technologles is toﬁ'

1

estimate,the costs assoc1ated w1th reduc1ng sulfur em1551dn§

tfrom‘:itar_‘dsands extractlon ,to" the level 1ncurred by -

liquefaction and. 1nclude these w1th the cost est;mate 'for:

T

‘the former.

| Perhaps the greatest env1ronmental difference"between

liquefaction and ‘tar' sands extractlon'»is‘“the' talllngS'

1dlsposal pond assoc1ated w1th the latter fThis presents ’él,f':U'

:] problfm unlque to the ‘tar sands-1

The huge area, generally equal to the ‘mine 1tse1f L
‘requ1red to. store . tailings due. to the’ unsettled.;y
SIUdgehx‘problem,v-nOt,g~only sterilizes- = future .
recovérablej.resoUrces’*but,jalso”iis not desirable . -
Aecologically;-(Prased 1982, Sy e

"InV.comparing‘ the two technologles it is necessary to keep
the follow1ng in mlnd-f"At the moment there 'is : known
t -“&" RN

'Jmethod for'vthel reclamatlon of the talllngs pond that W1ll

_hrema1n~,ath the concluslon of - the oil'd:sand progect._i .



- 48

(Dynawest, 1983, 86). This ‘could‘?represent--a ‘significant.

-.{

'-.disadvantage to tar sands development . over liquefactiﬁnv
despiteyindicatedvlower'private’productionJCOStsﬁ

In SUmmary, it appears that llquefactlon may pose some

‘'serious - occupatlonal health costs although athe effects .of
certain' .carc1nogen1c : compounds ﬂrequ1re further study:f

Em1551ons‘yof ‘nitrogen ox1des and carbon l dlox1de are
‘51gn1f1cantly worsened for llquefactlon relatlve to dlrect
- eombustron. Sulfur em1551onsv5ar generally ithef same vor
improvéd relatlve to dlrect combustlon of coal' fompared=to,*

oil'from tar.sands, sulfur em1551ons from‘ llquefactlon are

-

substantlally reduced Part1culates ‘w1ll ‘be - emltted in @

X

‘QUant1t1es 51m1lar to dlrect combust1on but somewhat greaterd'

chan"for~:01l,-from tar‘sands. In terms of the. opportunlty"'

.costs agsociated with land disturbance andf. water-use,
'{llquefact1on will”fare‘worse”than the tar‘sands technology; .
falthough these costs may be 1nternallzed rather than accrue'>

i i _ C
as. externalltles._ Env1ronmental costs assoc1ated w1th tar»

’.Sands extractlonv must also 1nclude :thef uncertaln cost_‘
impbsedf by ' a ta111ngs pond a. problem whlch 1s not present
w1th llquefactlon.j_ = | ‘
i.}2 6 Synthe51s R

Hav1ng rev1ewed fthe:*theory fand eVidencef”Onf market'

'lfailure in, non conventlonal energy markets, we are now in. a;t'~f

p051t10n to" draw some conclu51ons. Of prlmary 1nterest is

’the questlon”‘ofl whether market prlces and d1scount rateS"
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reflect the “full social costs involved 'in'toil,eimportf-
substltutlon. If this were so,'a'soc1ally _optlmal ' rate of

‘commerc1allzatlon would take place on its own. Where ‘this is

U

E not the~ case, further questlons ‘arise - as-’ to - the .

.

‘;appropriateness of adjustlng beneflt and cost values in the

'analys1s and’ of applylng orrect1ve =measuresu such as

‘ ’sub51d1es and tarlffs.h R _;//f RS h‘ ‘ L
s ht be argued concerns the

A flrst quallflcat1on that mig

uun1queness tof market -,dlstortlons ‘in. energy _markets.'

Schmalensee states'-‘ K

. v | _ . L ‘
EDERQY 'markets are 1mperfect in many ways, but so
are ‘markets for textiles and most ~other 'goods -and
iservices. . The . many imperfections. that . society"

.chooses~to ignore in the case ' of textiles should

"'alsof be -ignored in the case of energy, unless the‘:f-"'

two cases can be ‘qualitatively: or quant1tat1vely_
R d15t1ngu1shed (Schmalensee, 1980, 4) - ‘

.,;AQSecond 'teSt' that a dlstortlon must pass in’ order to be

"considered a legltlméte extramarket beneflt (or cost) of a-,ﬁyd

fnon conventlonal ‘energy. 1nvestment 5”is;, whetper : aﬁ,

”alternatlve-vmeans to thlS 1nvestment ex1sts for correctlonyﬁ

Y . I}

'7fof the dlstortlon{ Where such an. alternatlve ex1sts and is,

b»preferred ,soc1al ﬂ beneflts percelved o, arlse fromﬁ

”@on conventlonal energy 1nvestments may be negllglble or mayf.l

actually tepresent ‘social costs.vrll

Based on the above, Schmalensee argues that ‘the 5only :

fleg1t1mate.‘“ wmarket N ~dlstort1ons_. assoc1ated E with ;ﬁj
e non%conventional ﬁ ehergy ’ inVestments f areff related f’tof
'regulatory “and - cost '.uncertainty as 'well as certalnd.

1nst1tut10nal obstacles to 1nnovatlon (Schmalensee,’ 1980,
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35). By the latter, he refers to any number of barriers'_to
' 'commerc1allzat1on .whlch once overcome by one firm would
‘result in spillover ~benefits. to,n\subSequent findustryi

entran‘ts.~ Joskow and Plndyck (1979 “in agreement w1th

‘SchmalanseéT‘“Suggest that ™ domest‘t***prlc1ng“”‘pollc1es
represent the most s1gn1f1cant energy market dlstortlon and"
ladd 'Reflected'-rlsk resultlng from uncerta1n 'env1ronmental
effects as well. They dlspute arguments wh1ch would seek. to.
5;inClude’ dlscount ‘rates “"and learnlng o effects among,
‘legitimately‘“occurrlng dlstortfons‘ Kllne and Weyant (1982)

ma1nta1n that dlslncentlves for: reducxng dependence “on 011

,Li 1mports pr1mar11y relate to exce551ve regulatlon of prlcesy

and env1ronmental controls Presumably, these d151ncent1ves
would be- passed ‘on, to. fthei ;commerc1allzatlon p of
1mport d1splac1ng technologles W1r1ck (1982) adds taxation‘pf
.and uncertalnty over future regulatlon to the pr1c1ng'1ssuef‘
'and'.argues these‘ dlstort1ons-‘are' most ”respon51ble for
1nadequate 1nvestment in non conventlonal energy " -

‘ Where market fallurevdoes ex1st .1t can be expected
ﬁ'»affect 1ndustry development in two ways. Flrst where soc1al,
costs and beneflts are. not adequately -reflected linb marketﬁ
values,'_the :rate of commerc1allzatlon may not be optlmal

. \

- Second where market prlce 51gnals are themselves dlstorted

‘the_ optlmal ch01ce of 1nputs may . not be made. Thls latter5"

po1nt may be espec1ally relevant ‘to. technologleSa such as

S k Do v R T
coal llquefactlon = where»fa-:number of- 1nput—m1xes -are
poss1ble. Hydrogen requ1rements for example,'can be met via"z

'ﬁt



steam reforming of natural gas or by gasification of coal

and by-product residue. Power needs, as.well[ACén be met -
.o N : \ . . ‘ :

. . b : -
from a number 'of different by-product feedstocks or simply

pﬁrchased.'

i 51

It is the intent in the following chapters to examine

. the impacts of two apparent distortions on development of a

éoal.liquefaction industry in Alberta. These two potential

market. distortions -érevpricing'and discount rates. Serious

data limitations restrict the .teétihg-‘for other pdséible-..

.aistorﬁing effects, thdugh it is unde:stood;that such may
occur. -Testing. for . the- presence of distorting effects

requires both sqcial and’%ri&ate\evélua;ion of<liquefaqtion;

 significant disdrepancies between the results of . each

approach ”wbuld ’suggeSt"ﬁhat.imarket"failurel‘is present.

- Before proceeding direcdtly with the analysis the "following

‘chapter outlines the teChnidal-and cost background to coal

ligquefaction. A R . ﬂw :
, a Y » _ N
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3. Technical Background and Engineering Costs for Coal

Liquefaction

3.1 Introduction

The previous chapter detailed the possibilities for

3.2 H1stor1cal Development'

‘fodlow1ng dlcu551on 1s based on Lee (1982)

market failure in the development of non-conventional energy

| :
technolegies. It was asserted that'distorting factors might

particularly affect optimal commercialization of a coal

"‘liquefaction'indUStry. Before proceeding-with‘a test of this

propoSition' it is necessary to outline certain background
aspects of llquefactlon First we veXamine'.the ~historical:
development and techn1cal status of thlS synfuel technology

Follow1ng _thlS, the ‘costing methodology is explained.

" Deriving plant ‘oosts'_requires an approach which would\\
include the use of both market input pfices‘and socialﬂlcost

values. For" ooal, jpaftiCUlar ~attention  is- paid  to the

effects of economies' of scale on unit costs. Finally, -

estimated englneer1ng _costs for liquefaction are presented‘

‘for several alternatlve de51gn or techno%ogy mixes'

G.

Before proceedlng w1th a descr1pt1on of- the technology .

involved in coal ,llquefactlon, a brlef.“revlew,fof_ its

.fhﬁstor1cal development ‘would be‘ in order;v,Mﬁch of the

S~ N SRR
‘Earliest attempts to convert coal to lfqu1ds date back""

to }Friedrickp Betéius in Germany “in 1913 He was able to‘*ﬁ’ ‘

a
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produce-a petroleum-like 1liquid by combining a coal-oil
mixture with hydrogen in the upresence of .a catalystdat'
elevated temperatures and- pressures.‘ Subséquent efforts,
.again'in Germany,'resulted in.the £irst ligt2faction complex

_beingdbullt‘by the I.G. Farben-Company in 1927. Diminished

profffablllty in the‘eafIY‘T930*s—led“Eo“govérﬁmentfsuppdrc““¥‘“;*f
under the Nazi pollcy to attaln self- suff1c1ency 'in' fuels. - T
Durlng the 1939 -45 war, German product1on of synfuels peaked v
at 100, 000 bbl/day,and prov;ded more than half of Germany's

v \ . .

total fuel needs._ .
The post war Un1ted States, notlng the-success of the

“German' undertaklng, and fac1ng "the depressed state of the
v coal 1ndustry, gloomy predlctlons of a petroleum shortage in
| ~the ‘next decade, and-the‘heatlng up of the Cold War" (Lee,
1982,‘9); became veryﬁinterested.in'the"develOpment_ of an
‘lndigenous synfuels | industry.' hased r5On"'the.,Bergius
.llquefactlon technology and 011 shale. e | ..‘ .
: tThe hlstory ‘of synfuels 'in thex"Unlted States_has\
funfolded 1% cycles, ‘each tlme, an 1ntense pUsh ‘has -nearly.y’
resulted in- government sponsored commerc1al operatlons~— f’
only to be dethroned by falllng_‘oil prlces and suddenly
d1551pat1ng support "~ The most. recent suchjcyclevculm;nated
in the ‘Carter admlnlstratlon s Synthetlc Fuels ’Corporation;
uin' 979 but was preceded by s1m1lar events over the per1od

On ah different :frOnt,-research'in Germany:led'to:thev e
discovery in.,1§25tfof‘ the 'Eischeroropschltsynthesisi _ahj;"

o

S
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Endirect'liquefactiOn technique with a fmiddle - gasification

‘step. Development of this. approach ‘culminatedv in the
'commerc1al scale Sasol llquefactlon plants in South Afrlca.

=Although the f1rst plant, Sasol I bu1lt in 1950, had major

-ntechnlcal dlfflcultles, a subsequent plant appears -highly

;successfulwmandmnrllmbelfollouedmbyma_thlrd__Tpmsome extent,“mn;;_;;_

synfuel - development has : been' aided by the unique

international, status: of South Africa. It.would appeathhat

where liquefaction has been successful, ' non-market. forces

haYe been largely responsible. We turnVnow‘to the,technical

- aspects of liguefaction.

£ 3,3 Techn1cal Prlmer

":fullyb deflned '(Lee,; 1982)..,It*‘is' composed prlmarlly of‘ L

v l N ‘ . . .
The coal molecule 1s very complex and has yet -~ be

1

,dfcarbon, hydrogen 'and oxygen withf smaller quantltles of‘f

Vnitrogen .and, sulfur often present Compared‘to convent10na1

\7petroleum,,,coal has about half daslgmUChgﬂhydrOgen”'dand

marg1nally ‘ less : carbon. ‘ ThlS results ijn a lower

: hydrogen carbon (H/C) rat1o wh1ch generally typlfles a ‘leSS

dee51rable hydrocarbon fuel The object of l1quefact10n thenﬂ;

‘1,1s to 1ncrease the H/C ratlo wh1ch can be done 1n two ways,:

elther remove carbon or- add hydrogen. Ex1st1ng 11quefact10n'

' ﬁ'processes :Vuse7_ both approaches'77andf"aref" cla551f1ed -

Vizaccordlngly D1rect llquefactlon refers to those processesful

’ ~'wh1Ch add hydrogen whlle pyroly51s 1nvolves the 4removal 'oft

' -,carbon. Indlrect 11quefact10n comblnes ;the preyious_two
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"techniques'by both adding hydrogen and taking: away.carbon.

There are a number .of :direct( liguefaction processes

under'development and although all involve hydrogen addition

or hydrogenation, there are various technigues for adding

“the ,'hydrogen. Herring (1979) "describes some of these

techniques:

.

"~ Coal <can be hydrogenated in a suitable liquid
carrier vehicle with or without catalysts.d Hydrogen
can be added directly to thé reactor or the donor
solvent can be  externally-  hydrogenated.
Alternatively, finely divided'coal can be contacted -

~ directly with hydrogen or coal extracts can. be
hydrotreated &o produce liguid hydrocarbons.

‘(Herrlng, 1979, 5) ‘ ‘ ' ' L ’

Table '3—1 shows varlous direct'liquefaction technologies
under development 1n the Unlted States, classified accordlng'
to method of hydrogenat1on. ; ) o Y

In the case of catalytlc hydrogenat1on, the ‘particular

1'catalyst used can'determlne ‘the product slate. Use of a zinc

chlorlde catalyst for example, results in greater'-gasoline
y1elds (House of Commons, 1981). Poisoning‘of'catalysts can
be a problem, though .result1ng in’ expen51ve regeneratlon ?r‘

replacement of . the catalysts..

Pyroly51s takes an- alternatlve approach rto‘ direCt

- llquefactlon by remov1ng carbon ‘in, order to 1ncrease the H/C

ratlo.vIt is a less severe method of coal convers1on' than -

’ hydrogenatlon. Carbon -is removed by concentratlng it in a

by product char whlch can- then be used .,Va"SOlld_ bo1ler

| fuel - which is;-cleaner thqn the coal from ,which it is

reflned ThlS technology 1s currently used in the productlon"

. of acoke..for;the steel 1ndustry w1thvthe're51due,be;ng used:.
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' ‘iTable'B—l Direct Liquefaction Processes
b f:if NonﬁcatalytiCJp' B g, o
L TR LB Coalcon L
, : - Flash Hydrogenatlon )
\ ‘ ) "‘: F . 4~
Indirect-Catalytic’
S ) - Exxon Dbnor Solvent
. ‘Cataly&&c : ' ﬁ _" | - ‘
L ien “2§‘;.. - Syntho1l g ot o
) LAV o A Clean Fuels From Coal - (CFFC)’ .
* g% e K )gni% :
- 3 o [P a4 . S .
T D1ssolut10n‘fi L ' -
T N e salvent’ﬁeflned Coal (SRCII).1 ,
ARt S AR -]Consol'synthetlc Fuel (CSF)
“’} L -8 dpeférutlcal Extractlon
. Source: Herrlng (1979) AR o E g”ﬁ‘ ’
: - “z. ’ . o ‘ . © n.. ," . ’ . ’ © ) ;i ' .
.+ . as a petrochemical feedstock. ‘ - l}'v _ :
s o Whereas the thermal eff1c1ency (heat content g of,ftr

.

] ¢ ’

.'output/heat content of 1nput) ig: 65 to 70° percent for dlrect

llquefactlon, this value for pyroly51$ 1s 85 to 90 percbnt

;when ‘the by-product char,-zs 1ncluded Current processes

"u51ng pyroly51s are the Char 011 Energy Development

(COED)-..

. Lo processi TOSCOAL : process Occ1dental Flash Pyroly51s

.

‘ process, and the Lurgl Ruhrgas process (Herrlng, 1979)

non- convent1onal fuel optlon for Alberta by 1ncorporating 1t;”'

.

'1nto power productlon (Herr1ng, 1979 Berkow1tz,‘1981)

1. : i

K

“first _w1th the remaanlng char- used to flre b01lers fori. -

"generat1on of electrlolty. Such a prOJect has been

o

K ~__ .

Some‘

interest - has been expressed i pursﬁﬁng pyroly51s as a

Thls'

would see useful l1qu1d hydrocarbons extracted from the coal?;fjp_f"

pfoposedf""

forv the Heatburg area,; east of - Red Deer, w1th?plans to”_;3
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export 'surplus power (Kolisnyk, 1982)‘ G0vernment approval

&

v

The flnal alternative. for conver51on of coal t oil 5

the"synthe51s or indirect route. Indirect liquefaction

involves the ”distillation of a vliquidv fuel:after:firstn:

‘ gas1fy1ng the coal From the 1ntermed1ate gaseous ‘prodUCt

composed of carbonngonoxlde and hydrogen, llqu1d fuel is
'produced elther by d&rectly synthe51z1ng gasollne or by 4

hflrst transformlng the gas to methanoLrand then to gasollne."

The former 'progedure ’is"known .as  the Flsher Tﬁgncch'

‘present in the® Sasol plants. The latter'rapproach -has beenﬁ

' -deVeloped by Mobil and is known as the M-Gas process. Tu!

&

from tar sands 1s- somewhat hlgher than that ~of'fcoal

primary drawbacks - to 1nd1rect llquefactlon desplte.'its

proven commerc1al ‘record 1s a low eff1c1ency of under 40%

and hlgh cap1tal costs (Thurlow, 1982).

“ . S

An addltlonal technical con51deratlon’1s the quallty of

-

syncrudes, from coal aha' the;' resultlng . upgradlng
‘. ) o o ,~§

% A ,’

requ1rements.» Lfguid _fuels' derived Erom coal .are-not the

"'@‘ e. 7\’9‘5.’»'

. (] . N
same as petroleum umhey contain more nrtr%gen andﬁ?xygen and:

¥ ‘f{.' a . . « - 3 X
, ’év.‘burnlng;.h of
ol S

less sulfur. Th1s latter fact COygd ﬁiﬂ

synthet1c fuels w1th fewer env1ronmeﬁta
,\‘A

g;ﬁﬁﬁﬁlemsffdue “to

sulfur d10x1des. ‘Table 3- 2. ‘shows the cof fy

As- Table 3 2’1r 1cates,'the hydrogen content oipbntumen
t.‘n. .

According to a study by Dynawest Eﬁd (1983),,compar1ng ehen

C et .)/ .
s . TRt
,

Lo - A
ition of seyerall
LN,

'synthesis and is the technology employed in South Afr1ca at”‘
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‘Table 3-2 'Chemical_Compositionrof Several Hydrocarbon Fuels

o 'H o - S N  OTHER
R (wt.%)

. Sub-bituminous coal 71.0 570, 16.0 0.5 . 1.5 6.0
Athabasca bitumen 83.4 . 10.5 0.3 4.6 0.4 0.8
Colorado 0il shale ,84.5 . 11.2 1.6 0.6 2.0 = -.
Coal-derived: ’ . v

Mid-distillate =~ .'88.5 8.9 2.0 0.1 0.6 -
. Naptha S 83.4 11,2 5.1. 0.4 <. -

" No. 6 Fuel 0il & - 86.4 11,2 0.3 0.4 2.0 -

Naptha ) 85.0 . 15.0 .- = - . = -

‘ Figures may not add due to roundlng L o
Sources: Herring (1979) Kllborn Alberta Ltd (1981).

| @techhology'xandv economics of‘-syncrude productlon:from tar
lsands and coal, the hydrogen-needs*oﬁ qugiraction ‘are . ten’

- times that of.tar'sandiproductlon;IThis ishdue'tovthe'fact

.that b1tumen i's 51mply closer in structure to uthe deSlred'

end product - ‘ |

‘.c In order for coal derlved syncrudes to be useful 1t is

1mportant that they be clgge substltutes for petroleum based‘

products. Analy51s 1nd1cates that syncrudes can- be reflned

by conventlonal means, desplte the1r high nltrogen content

:' and can be substltufed for petroleum products after wmlnort

=N
proce551ng (Fischer andﬁH11debrand,,1981). Studles show that

they would be best used - as 'feedstocks" for hlgh octane
'Qasoline and’ fuel 011 and may "in fact be cheaper to refine -
“in some cases due to a lower sulfur content.

¢
.

. P

e
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3.4 Cost Methodology

- This  section. presents the methodology ~used in

determining the_costs‘oE:undertéﬁﬁéo”coalfliquefactiohf The -
coal converslon project ekamined :can-be«divided into thb
component5° llquefact1on plant and coal mine Liquefaction
plant costs are as yet uncerta1n since the technology is not'
commerclal The cost estlmatlng procedure must 1ncorporate
this' wh&le;' at the- same t1me allow assessment of ‘both -‘the

:p0551ble soc1aI‘value of»a commenc1al llquefactlon fac1llty_

‘and theu ,entlal for Jmarket faIlure. The , methodblogy,

_presented for‘plant coSts attemptS" o incorpérate these

ﬁconsiderations} Estlmatlon of  coal costs  is based’_on:
; T e . ,

selection of a site ‘but costs are not contingent-\upon thfs
choice ‘since other 51tes, with 51m11ar geologlcal features,
-would show 51m11ar costs. Instead the‘ .site selected is

meant to . be representatlve of a lower cost acce551ble coal

field.

3 4. r L1quefact1op¢ nt oo
o ~da”’number ofj'liquefaction plants,

.'which

for economlc analy51s, does not ex1st.

The absence of any such progects cin* North'-Amerlca at a o

,commerc1al- scale nece581t3;é$ the use of- englneerlng cost

estlmates.nIt would be reagga?f

',° know"that' englneerlng -

. P
- ».

‘ cost est1mates “for ‘nén- conventr_

‘eﬁergy technologles were

i

, th1s~ has” not been the

“

vgenerally accurate. Unfortunatel

case,“It has. been p01nted out_

B YIRS

\fhat- "The hlstory of cost.
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estimates for synthetic fuels —and other ‘energy .process

teChnologies is not one to‘inSpire corporate-and government

planners—”‘w1th»~conf1dence ~f~(Merrow~«et~»al.,' 1981, 1)

Allowance for th1s uncertalnty 'iSj made in the ‘following

rchapter. 'i "...Lv"-,‘- w

Data from a study co- sponsored by the proVincial.'andu

federal energy departments and Algas Resources Ltd was(made

'avallable -(Kllhorn Alberta'fthd.,‘ 1981) ‘ Thlsf study“

represenfs -theisecdnd phaseAin'an on-going project ‘to- bring

synthetlc fuel from coal on- stream.ain Alberta,h should it

'prove v1able. The f1rst phase cons1sted of the appraisal of °

a number of dlfferent technologles w1th the: empha51s on

._economlc' v1ab111ty (Cangasco Englneerlng Ltd 1977)

>‘hmost promlslng technology, the Saarberg l\quefactlon process.

from West Germany, was then subjected in the second phase

-,

study to a more detalled cost estimate 1nclud1ng f1nanc1al

_fea51brllty, as determlned by rate of return analy31s, and

bench scale l1quefact1on tests of a representatlve coal

The'-Algas' study - examlnesb two p0551ble de51gns' one_

hinvolwesl purchase of requ1red power, whlle theu‘ other

presumes power is generated on- 51te w1th a surplus avallablel

,-forﬁsale to" the prOV1nc1al gr1d, Both alternat1ves' produce

_hydrogen requ1rements via' the steam reformlng of natural

B ngas. Technlcal aspedts ‘of the process can ‘be ~descr1bed ‘As

P -

follows'”t~

In tR¥% ‘peoposed' pfocess,, iinely ground coal is
,slurr1éawgw1th ‘the. heavy' raction* of the product
liquid. %he - slurry ‘is:i:s€ ‘to the 1liquefaction
reactor whene“l m1xed_w thnhydrogen and catalyst

R

* %



to produce llght gases, raw hydrocarbon 11qu1ds ‘and
‘a solid re51due The raw liquid stream is further
_processed - to  .yield naphtha “and middle dlstrllate
fractions and mixed butanes. The naphtha -and middle
distillate fractions are hydrotreated .to reduce '

sulphur, oxygen ‘and- nitrogen content and .the - mixed
~butane’ stream is desulphurlzed (K1lborn Alberta
Ltd., 1981, 5) : _

A

Section 2.6 'suggested‘ the exlstence;.of add1t1onal

“1nvolved 1n l1quefact10n. In partlcular, fuel gas generated’h
'durlng the llquefactlon process ‘and sol1d res1due remalnlng'
afterwards may be used-ln varlous ways.whlle still producing :

'1dent1cal output of syncrude In order to 1ncorporate these,

w

cons1derat10ns,-‘costs for: two- addltlonal sets of de51gn,
parameters, were estlmated 'These -allow "for' hydrogen
“productlon from coal ga51f1catlon w1th power generatlon from

‘1fuel .gas ‘or. coal and sol1d re51due. In the lattir kase, fuel

l\-f

. gas fis“assumed to . dlsplace natural gas use elsewhere 1n.

Alberta, freelng it for export. 5 ﬁ",é'

-1

Costs ,for the‘ two addltlonal cases were der1ved from'

,publlshed llterature, and -were adjusted vfor;f locatlonhif

At

e vy

F

» necessary, were based on an economles ofkscale'factor of .6.
“This value represents fthe"'standard ~ factor ~ used ‘in |

’ engineering est1mates of. such fac111t1es. Justificatjon for

its use in economlc ;nalys1s can be found in Moore (1969) ..

The .exceptlon _ to_ thls was'wthel hydrogen from coal "

I

Xowie
v

';'p0551b111t1es for maklng e Mof; the'-various-,co products »]

T
L4
EEwA

"ftransport and 1nd1rect costs u51ng factors prov1ded in; the--“

:Algas sbudy. Adjustments 1n the 81ze of process unlts, where-~

LoD,

e

gasification complex whuch -made .use of a .8‘ factors‘~-

'(Dynawest, 1983). Detalled cost est1mates are.presented in o
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’Appendlx 2.

Ad]ustment for 1nflat10n was- necessary for both‘,the

,Algas estlmates, wh1ch were expressed 1n 1980 dollars, and -

ty

upare expressed in mid 4982 dollars

[.follow1ng chapter.f,.'

the two additional cases.vThls was ,accompllshedw us;ng " the

l‘) .

~

fPetrochem1cal Plants (Stat1st1cs Canada, 1983a).'Final,costsf-"

.

Pr1ces for natural gas. and fuel gas.are. left out of thel:

est1matesi presented in' thls chapter due to the d1vergence o

.between soc1al and prlvate pr1ces for these commod1t1es ‘It_ﬁ_fx
‘is in part 'thls d1vergence whlch leads to the supp051t1on=7

'thatva pr1vate f1rm mlght not’ choose the -alternatlvel wh1ch
pis con51stent fw1th Vtheh soc1al optlmum Soc1ally relevant oo

,pr1ces are 1ncluded as part of thev analy51s ‘in' chapter 4

\
\

5wh11e the 1mpact of using prlvate prlces 1s examlned 1n the

9 N

N

S

lajltt is assumed for purposes ;he;e ‘that'-there is‘noju

. \Bu ".',
: dlvergence between the soc1al value of_power,\3 reflected in -

rﬁ,’\rx

,current marglnal replacement costsv and the market pr1ce,
'often set at average cost Although thlS may not be.*a,.falr
"rassumptlon for res1dent1al and- commerc1al ‘users where
'edlstrlbutlon costs domlnate,.for large 1ndustr1al users. th1s;{
h“g is more reallstlc 51nce dlstrlbutlon costs are low.‘Marglnalrg
"igeneratlon costs, whlch would then be‘ most 1mportant-»iare)
forecast to remaln relat1vely constant over the medlum termipd
.(Prottle and ;McRae, 1880); thus, average' costs should

. o ;. @b
~closely parallel - marginal - values. Power purchases 1# th1s

P
RS :_.h\. v o

Statlstlcs .Canada _constructlon cost indethor Chemical and_
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— _ ‘ - B , o
study, as . a result are based on current charges to large

industrialuusersy_inclusrve 'of' transm1551on costs, whlle

‘sales have transmission -netted out’ to reflect returns to '

h5w1thout coal flred power generatlon, results 1n unequal coalzﬁ”d

C the assumptlon of constant un1t costs for mlnes of dlfferent*,,.rr

© 3.4, 2 Coal

'generat1on. TE 1s understood‘that at thlS t1me o~ mechanlsm.

vex1sts for ‘the pr1c1ng of electr1c1ty sold to. the prov1nc1a1r

gr1d but produced out51de of 1t

’ -

AW

Economlc stud1es of coal 11quefactlon fea51b111ty havev"
,'generally 1nc1uded he cost of coal at a constant assumed'.
"value (Fe1ck and McConaghy, 1976 Leung and McDonald 1982'

'Slagorsky, 1982) . Thls.'approach “lshgnoti useful for thef"

Ey

analy51s at hand 51nce 1t makes fno: account ‘f@f d1fferent7'
volumes *of ‘coal belng avallable at d1fferent un1t costs[
Allowance for thls ,iSh 1mportant here s1nce ,thef.usg;ﬁof,

fh‘varlous productlon alternat1ves “ﬁo; hydrogen : w1th d?f'f"'

_demands among the four sets of de51gn paﬁamgters examlned

e If economles of scale were not prevalent 1n coal m1n1ng then o

e

sizes would not seem unreasonable.‘Thls;jis"[notptthe case,_ Qo

_though 5'i fact : economles of scale have been shown to @e;

n 'xr_;.- .

s;gn1f1cant .ini coal m1n1ng (Zlmmerman,i 1981) However *fh':"
“.before. detalllng how thlS condltlon was 1ncorporatéd‘1nto e

l'the cost estlmate, we w111 br1efly rev1ew the' economlcs of”x.A

PO

e
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% ‘
g Strlp m1n1ng of coal 1nvolves a number of 51multaneous
G ‘
operatlons; * which _requ1re . a "substantlal » amount~\ of

organization."hOverburden is trlpped and plled by a 1arge

. ] )
dragllnepwformlng a long_35m“to_10m w1de_p1t 1n the_process

e e —

.Coal «is then extracted from the seam by front end loaders
"and hauled to proce551ng or storage fac111t1es by huge 100
tonne‘,coal ‘haulers.“ As ‘the coal is” removed from the Se {u‘
the:oft'ist refilled‘ w1th overburden,- generally from 'an
adfacent:}pitr; The area is then recontoured and the top501l~‘
-,,isuplaced’back on the-surfacer Reclamat1on occurs as part of
the ‘on= g01ng m1n1ng process. L | |
| Strlp m1n1ng, unlﬂke underground mining} fls. hlghly'>

N

capltal 1nten51ve,_ thus enhané1ng thec'notion that coal

: 2 o .
;11quefact1on overall 1s(a capltal 1nten51ve act1v1ty. Costsv"

i_ofy str1p m1n1ng degend prlmarlly on geologlcal factors w1th‘ /
4the key varlable be1ng the str1p ratlo. ThlS value glves the
'depth or volume of overburden wh1ch must be removed for each

_-meter or tonne of coal below. The strip: ratlo for‘.a“ coal

r fLeld' isf calculated by d1v1d1ng total volume of overburden‘

”7,fby the volume of coal in a Seam. »Obv1ously, as: the str1p

A
w

ratlo 1ncreases, un1t extractlon costs w111 as well. ' '//f

A second 1nfluence‘fon cost vcomes' frqm mine size{
vEconomles of scale*d1ctate that as m1ne size 1ncreases, unit . -

viﬁcosts WIll fall ThlS effect is perva51ve enough that * the
jfextent 'f reserves w1ll often 11m1t .mine“sizef before
-economlc factors (Z1mmerman, 1981) ”Where it does not;-'the

¢

-’#gxte§;> of economles o scale w1ll be deflned by the max1mum'

R
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“'size of dragline.

65

A fipal faétor: affecting\ costs is the pattern of

'extrabtion over .time. Economic theory predicts that the

‘present value oﬂ7profits‘is maximized if the ‘lowest .cost

A

.for thlS» study due' to ‘the_ avallabllltx. of ,coal cost
o IR . ' S

informatlon conta1ned tin ‘an appl1cat10n' to the Alberta.

concerns, such as. reclamatlog,

‘have to be resolved before

;spec1flc 51te.

reserves are extracted first (Veeranna, 1979). Thus} it'can
be expected that un1ts costs w1ll rise over time as low cost .
'reserves in. a coal fleld are exhausted In summary, coal

unit costS‘are an increasing function of . both -the . strip

ratio and ‘time and a decreasing function of mine size.

"Campbell llStS 8 coal reg1ons\1n Alberta hwhich-dcould'

supply ‘a - 50 000 ﬂbarrel per day llquefactlon plant over 30‘

- “

'yearsv'(Campbell 1982) L0catlons and istrlppable - reserves

are llsted in. Table 3-3. The Tofield- Dodds area was selected

government by Trans Alta Utilities for,‘a dézsd MW power

;statlon ‘at thlS 51te ' Ehe_ appllcat1on was turned'down

g 0

because of uncertaln reclamatlon potentlal ﬂn the - face of -

strong ‘ -agrlcultural lobby : Obv1ously, | env1ronmental

~

ad water»avallab111ty, ~would

11
ﬁls 51te could be commltted to

felther power generatlon or 11quefact1on. For the purpose fof

th1s analy51s 1t 1s not necessary that we assume thlS occur

'31nce the 1ntent1on .is_‘tO' assess the ‘economlcs ofa

11quefact10n in a general way rather than w1th regard to any

PR

eyl
; .



: Table 3-3 Potentlal Coal Flelds for quuefactlon

Coal Field : : o Str1ppable Reserves
| S o ' (MM tonnes)
T Fox Creek — TS
‘ 2. SouthvSwan Hills ‘ ' ‘-' ) - 295
3. Mayerthorpe/Wahamun . ' o "_ R ;l55,f
4, Wetaskiwin‘ S Lo . ,404
5. .Red'Deerf, R o . bas
6. Barrhead/Morinville | B - 525
'd..7t‘Tof1eld Dodds/Battle Rlver (part) S - 787
8.1Battle Rlveridv"‘ ‘ o ,hvi'“,v : 314“;

,Sour_ce : Campbel‘l' Nl 9.82 )

= i . ’ P

Coal - in . the: ToEIeld Dodds reglon 1s ‘sub- bltumlnous o

v.rank"with "a heat content, o ﬁb 51. ’ kJ/t (Montreal»i

',Englneerlng, 1978) ‘Derived: demand'ffor‘ICOal‘for the two

.lcases 1nc1uded in the Algas study was baSed' on:.anlfenergyj .

_-1nput of 151 51 X 10‘2 kJ/yr. Th1s results 1n a. nom1nal coalg;u'

j_demand of 8. 65 MM t/yr. For thev.two. addltlonal cases,

r

'derlved : demand : forl coal as determlned from process‘
requlrements 1n the Algas study plus the extra volume needed,
for‘ hydrogen productlon. Case 3 had a- nom1nal demand of"_'

10 79 MM t/yr. Case 4 also used coal fort power generatlonb

[ |
'mak1ng its requ1rements sllghtly greater at 12.52 MM t/yr..

_In order to determlne_coal costs for, dlfferent 'size '

" mines, a marginal’ cost .-curve would be necessary._~
. . ” ' . . —~* .

T o, . ) Co
: : - » . fo L , . - <
-
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Y Unfortunately, the data requ1red to determine such a cufve'
oy , : ) , :
for western Canadian: sub b1tum1nous coal is not readily
available; ‘therefore, an alternatlve approach was takéh,»A

set of econometric cost funct1ons determlned for westernm

vAmerican__coaln;iiihmerm nv_AJQB1),__geologlcally_51m11ar to___l_M%;
Canadian condltlons, were used to adjust feedstock costs for o

~an Alberta liquefactlon fac111ty,,where thlS was necessary
vThls was done by determ1n1ng the predlcted value of capltalh"fpf“.
Jand_‘ operatlng costg for ‘each’ ‘@1ne s}ze, u51ng these”
v'equathns. ﬁatios were then'calculated“using' the .predicted-
Jpvalue from the data m1ne as a denomlnator and the pred;cted
values from the other mine 51zes as numerators Actual data‘_7
mine costs were then multlplled by these ratlos to get total‘f‘
"capltal and operatlng costs for_ each m1ne used - ' the:

' ana1y51s. The 1mp11cat10n of this approach is that economies:

:_of sca%e would be.. expected to be 1den§4cal for ‘both Albertav o

‘and western; Un1ted States'locat1ons. This does not seem,to

[

' 'be an unreaSOnable aSsumption}; The calculations'udesCribed'

'above are contalned in Appendlx 1.

a .

Costs for t data m1ne,; obtalned fronw‘Trans—Alta
>:7Ut111t1es (Montreal Englneerlng, 3978) were . updated to 1982v’
_‘;values using the Statlst1¢s Canadasmachlnery and equ1pment'1

1ndex for Mlnes, Quarrles,‘and 0il Wells (Statlstlcs Can%da,"d'ﬂ
'3_1983a)' The data m1ne 51ze was 8. 27 MM t/yr,lsl1ghtly lower
'gfﬁf-wf_ vthan demands for Cases 1. and 2 Slnce cost data was. based onv
iagmlne ‘s1ze‘_suff1c1ently 'close fto. Cases "ﬂ. and _.gno.

,adjustmentsfpfor these alternatives‘ were necessary ThlS,"

>
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however, ‘waS“ﬁ]nOt;:the‘ situation .for Cases '3 and 4.

%)

Information on mine sizes. and eccnomies of @cale ' is

summarized in Table 3-4,

Based on the premise thatr‘low»fcostf”reserves are

‘extracted- first“ rreplacement:'capital “and operating costs -

cOuld be’ expected to increase over time as’ the' strip ratlo“ .

1ncreases Accordlng to 'the m1ne plan for the ‘Trans- Alta*

-power plant -the 1n1t1al str1p ratio would have been 4.431

\'

- - | o
mﬁﬁm /t rlslng of 9. 48 m /t by the twenty n1nth year. Rather

I Rt A

s : {ép T
’than 1ncrease replacement !capltal and operatlng 'vcosts,

e’

“'\‘accordlngly,ﬁthese were averaged over the mine l1fe 1n order
htto s1mp11fy calculat1ons. Th1s fcan be jUStlfled f‘- that,
';these' costs represent only $3 per barrel or about 5 percent.

.of the cost of syncrude produced As‘ba result .of th15'

A

7Qaassumptlon,,zit ?can be ant1c1pated that f1nal present value{‘

‘costs w1ll be sllghtly overestlmateéy51nce in ¢ea11ty hlgher

',cost extractlon would be. relegated to the future._p

e -

':*Jbenef1c1ated coal ':Benefrd1ation or cleaning‘refersjto the

. LS

;Th Algas studya'makesf.allowance_ forutthe ;USe;;_of"‘“

'.;process by wh1ch "most off'the-'freef'rQCkl.particles,nare x

»

Vremoved ,as-rwell fas some proportion'offthe coal material

conta1n1ng hlgher than de51red amounts of mineral'-mattef”fk°'

’(Canada' West - Foundatlon 1980 '53)} Th15» réquireshcaa;

'estlmatlonf“of_i af‘ocoal; preparatlon | plant "i“:; whlch

!bénefidiation takes place. This. data is avallable 1n theﬂp}d
. Loy . ; Py,
form ofvjcurveSﬂ show1ng cpsts efor ’ var1ous~, capac1t1es SRR

(Cangasco - Englneerlng, '1977) Values f§9t.~:h dlfferent‘:j‘

.'7




Table 3-4 Data on Coal Cost Adjustments

‘Coal . .Increase in Increase in  Increase in .
‘Requirements  Mine Size Capital .'Operating '
(MM t/yr) - from Data Costs from - Costs.-from

\. Data Mine = . 8.27 - R S

R . \ Mine ___Data Mine __. Data_Mine
A : . ‘ - . . - . \

case 1’ 8.5 - 4% . 0. 0

case 3 10.79  30.5%

cased . 1252 1%

. case 27 8.65°  4.6%5 0 0

‘ demand cases were derlved from these' curves and ‘updated

vhfiguresrr

~u51ng the Statlstlcs Canada Chemlcal and Petrochem1cal Plant

cost index. (Statlstlcs Canada, 1983a) These costs - are

7'presentedf,separately from coal mine and llquefactlon plant V_f;:

D fory, . ) .
‘u" , Sy

& ?W.

T

.

,3 5 Coal quuefactlon Costs- Alternat1ve Desxgn ?arameterS'

Hav1ng outllned the cost methodology UtlllZQﬂ, now

3

thrn to, the est1mated costs for the four coal_Sonver51on

'°Q;alternat1ves belng examlhed The appropr1ate costs“for thlSA

- chapter 5.

'sub51d1es are not 1nc1uded Thls 1nformatLongus prOV1ded in. ey

LRV

hana1v51s ‘are real eff1c1ency costs. These refﬁr to the true

. resource costs to the economy of a partitular act1v1ty ThlS'

reans ‘that ’monetafy transfers such ‘as 1ncome taxes or T
, : e

e
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All four alternatlvesf”‘

‘ although outputs of by products, 1nc1udlhg pow rJ'éuel-gas

and sukﬁgrk

vary It should be noted that 51nce“&§£lues

Al

Cu “fare summarlzed

oo V"'

PR

5 ";' Gas/Putchased &Power (173 5 Mw)/Steam
L :3" ReSLdue "{Tf ."ﬁ' . - “t””: “h*-m‘"
S e T e R

iy

é

;.
B o

- ThlS aﬁproach to 11quefact10n 1s charaeter1zed by the~

l. . R

;_, d1sposal ‘of ‘most [of thé solld re51aue} left after ‘the"

. ¢y .
R v . > 5.\‘,,Q-.

.liquefaction react;on,w.w1th only a*'small amount be1ng

. : . a .
retained"f :_Lsteag productlgn. Power, yrathenathan belng

. produced on- s1 '";1s pur@hased from.,the pfov1nc1a1 grld f

, 2 e

SE R B
Hydrogenr 1su-ph

. .A\ . - (
S 7 m /yr of natu&gl gasﬁ

LAy :
i "iﬁ%nac

'fth steamaréfoqm1ng of 1826 MM

w .

e

WTtb by product*fuel gas used ns" fuel~ ;
‘. ¥ - b toroip
ﬁ:Table 3-8, pnesents the’ materlal ‘

T “*) o

ot "ﬂ

- for the!.reiormer*s

S -

L @élance aﬁd co@tS'for Cése B th%vtflrst qplumn., Tht§
“h'ttfifllnput-mlx f;, -»be characterlzed as Q;BQ in capltal costs, ”‘*1:
. - R relatlve to the other¢iflteaaf¢1ve$§§¥s1nce poher ‘sgatlon ‘:
'Q;QJA‘ costs are »zero ‘whlle 1n1t1a1~hydrogen péant and coa£ m1ne°:

q. . G

costs are: comparat1vely low. Op%tatlng costs on ’th other

il . R . R .- T . N -"_v.-:.'
X . Sl L . s a2 . . .

.
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~»-Coal preparatlon plant

Table 3 5| Mater1al Balances And Real Eff1c1ency Costs For Mo
' Four Sets Of Coal quuefactlon De51gn Parameters S
o v ‘1.% - o
4 " . CASE 1 cAsE,2°.cASE 3. CASE 4.

MATERIAL %ALANCE o ifi-. e

’ Te R
IN' Coal (MM t/yr) - 8.65

.Natural Gas.(MM m*/yr) .. 1826¢f

.'Power (MY . 173 50

Labor (man yrs/yr) , r 880-

60 815

.7 sulfur (t/d) - ',&‘
.., Ammonia (t/d) >
‘;;"Sodi ash- (t/d) T

S

N 1.
\4 Ll '-"_.".v_“'.

Coal mlne 5 I Cw

quuefactron plant ,‘=

“-8 65 10.

1826

79

g

6
. 12.52

0

960 1103 ¢ {126

- b
6@,815' 60,
' 1268 R

$1478:;.fn
350

118
21 .8 .2

w’#”

’;7v362 8

%
815
268

300

148

118
1.8

421

14

4200 v’f§§03

60‘815
. 1268,

‘n.a,’'
- {
153

118

21 8

S o

ey $58

125

§

»

. 6040

E:
3 TOTALz

oaM COST ($,MM~y§52)‘“":""l";

a %l mine - .o L
o al,preparatlon plant o
L L1quefact1on plantw:¢ ‘3”?”é$"' ;_'

- leed Contract malnteﬁanceﬁ‘ 2.00 -

Insurance/Taggs r¢u62 00

“Labor " "ma'_:g,,_ebs 84
Malntenance 4 v, 731.00 -
gPomer L 34,25°
, ‘Sulfur R (0s15) !
S . Ammondia -
/ypﬂéﬁ‘ -Soda'ash 2,

(14,08)
(0,51)

4660 R

42 68 5
6.6,

V g

- 2"00 200 ‘ 980 "
70,00 98.4p,

35,00 {49.
(55.88) %47’
. (0.15) - (2.
(12.08) (14,
(0.51) (0.

r,

X ?

1.25
ﬂ%;OZ&

20;
90)

29Y‘

08)
51)

"29 28 gy33 aA *ﬁbqwas

6680

'56.95"

1756
act ‘
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6

7358;5 o
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185:6%

sdr34
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1dent1cal to Case 1. w1th fuei gaqa agaln,lvutlllzed as the

R e ¢ - X L
:hand,urare »the hl%hest othhe four alternat1ves due to the
'pcost of natural gas,:not 1ncluded hEreL ana the purchase.‘of .
B . e&ectrxclty;,CoaL:requrrements'amoupt_to,8;65“MM t/yr, yhichﬁ ‘ ;‘
'; -N’;requires the.smallest mine 5f';he7€§ur alternatives. :
,3;5.2 Case 2: ngrogen from Natural Gas and Fuel Gas/Power,~L};‘
L and Steam frompsbldld Res1due (600 ma) o !
. Thp represénts h ‘favored alternatlve 1n the Algﬁs - ’
’ fstudy Rather than d1sposfhg of surplus SOlld re51due, the.’ f”f
. entire amount is burned 1n a co- generatlon power steam plant f;ﬁl
| : ; 600 MW of power 'andr;supplles :ll. process ot
;‘Jf‘lif.steam reqflrements. Onﬂ51te .poweru-needs iare onﬂy 250 MW Y
_ﬂ‘f7{i‘ resultlng rn a: net @xpprtable surplus of:-. 350 i . é
:Lf :'f nsold %, the prov1nc1al grldv' Hydrogen: productlon ris lgi

fﬁreformer fuel Coal requ1rements, as well,,are unchanged at

8. 65 MM t/yr. : L '[,¢'$f‘ - 7.".‘.~ S e
: - » . . T L. v ';) ‘, \ . %’5
Columng 2 ,in Table 3 5 l1sts the materlal balance and
LCOStS».f Case -2}3 It can pe 'oQServed that @icapltal

‘malntenance,_and flxed operatlng chargés are sllghtly hlgher

.1-'.
RN w

'*ﬁpthan in Case T‘due fo. the . 1nc&u§aon~ 6%} the ; co= generatlon

~f4,p1ant To the varlable opératlng cost must be added natural

) - : ‘\.

=
gas costs. Total operatlng cos@s are somewhat lower~than for
=3 .

Case“ﬂnwh1ch serﬁes to offset the hlghes capltal cost. _'_‘4!,'

o -
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3 5 3 Case 3 H&drpgen'from.Solid Residue and Coal/?ower and

Steam from Fuel Gas (600 MW)‘

.

Case' 3 represents a substantlal departure from the two‘

“F

.t

e

QA

i, &

previous‘ alternatives. Whereas prev1ously hydrogen was”™

- [

produced from the steam“reformlng of natura] gas, it rS‘now

produced v1a the gas1f1cat1on of solld residue '~ and coal.
. 3 ’ .

‘Based nJ data extraneous to the Algas -study, costs were

determlned for ga51f1cat10n and 1nte§%ated into the “overall.

ca 1Qa1 cost estlmate (see Appendlx 2). The materlal balance

was ma;ntalned wherever p0551ble result;ng in necessary

adjustments  to - other -process -aneas, the coal mine/

"preparation‘plant, ashs: handllngiiand dgsposal facilities, .

o4 L

coal"handling, and,.sulfur plant were'*allillncreased*to

e

G

BN
. -
~

)

3

llquefactlon processy 4'by ‘ remov&ng. a.“portionf,ofv the:

ta@xlf gs.a;result

‘.hof. the redlrectlon (gf the”sulfu;yc%ﬁ%alnlmg solid re51due'

;7f£cmv~powe£ , generat1on'i gp Mhydrogen pro%ﬁct1on. '*Thev

hydrocarb content ,ofﬁ theJ coal g causes?-ftheh suﬂfur
%&u oL .

proportlon oﬁ solld re51d0e to 1ncrease by about three t1mec

r,power' generat1on and em1tted dlrectly as sulfur d10x1de

- + %

gas. InxCases ‘3. and -4, solrd re51due 15 gasuf1ed 1nstead and'

™ N 'l

~ 3

(S ;. .

3

processedﬁgor s%?fur removal 1n the.sulfur plant. s ?7 L
o - T

-

T ) 1 &. R 0

1 ’ e
! : ‘ & : Ciels o

L S S

» 7!
Pt

' relative to the parent coal In‘Case 2, sulfur was ox1d1zed_-ﬂ7-

Yy . ._.,. . “ _‘.‘

*5'mych:"of“,the sulfur is retaaned in fuel gas which’ 'is thenﬁ?@by

(28T

ettgg,
» .
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s g e e

The gas1f1catlon of SOlld re51due and coal for hgdrogen

: G
frees the fuel ‘gas preyf@slyz used’ as reformer Euel fo.rr .

‘ _ @ o A
‘other uses. In Case 3 it is assumed that this’ is used ”!fpr .

‘,“ A ‘4 B
- POWe L gene ration —in—a——c omb 1 ned -C yc lem-powe r-»—-plan’t ” ----A———--—

’ O A., o »,
. '. . "‘\ " ¢ Tg "
comblned cycle plant has three components' a gas tur“blﬁe , a

,\_ v, ’
heat recovery ‘steam - generator and a steam turblne. Fuel

gas, w1th about 65 percent of the- heat ;content “@tr». natui‘al
i .

gas, is” comhusted in thé:"‘*gas turblne producmg heat and'--;'

’electr1c1‘ty ‘The heat ‘is channelled to a _}qeat recovery'

- .
-

S~

borler 1n ﬁhlch‘%team is gene‘rated and used t& dr1ve a steam

,turblne to\ produce addlt_lonal‘ ‘eleqtr1c1ty. . Process ,steam"

-

R "/‘ requ1re’ments are met . fr‘om 's‘team produced in the "heat
. T . 5
' ,recovery b01ler. The fuel gas avallable - is 'sufficient  to-

generate 600 MW w1th 300 MW used :on- 51te and the remalnder "

; . . ! ke
vﬂall“able‘ ;.»for @sale ‘ “to the" : prov1nc1al , ,grl,d, X Thegj&&

VA

a
5
c

ombinid"-’cycle' System is a%out percent, ef~ﬁic£n"t in
. . ‘( convert}ng the heat content of-fuel to electr1c1ty, V'ers-us_
G 0 33 percent 1n conventlonal genergtlng syst‘ems.‘ y ..
| | {:’ Co§£s for a. comblned cycle plant are just under half, of' o
those fﬂor 2'- conventlonal codﬁ f1red steam plant w‘iﬁthﬁan‘ g

é, equ1valent output of electr1c1ty C,osts and materlal balance; :

’1nformatlon a,re‘= contalned 1~n column 3 of Table 3 5 nghef'-

capltal costs Xthan those for the prekus ‘t'w'o alternatw 'S f:

- K
v oy -

prlmarlly reflect a larger coal m1ne and the larger outlay‘ g

.v,. '0"

for a coal gas1ﬁler hydrogen un1t .whlch is &pprommately o

3 three tlmes the cost of‘ a,,-"_steam ref & e
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'3.5.4 Case 4: Hydrogen from Solid Re51due and Coal/Power and

Steam frdﬁ Solid Resmdue (300 MW)/Fuel Gas Sold

Case ‘4“can be '1nterpreted 'as‘ a comb1natlon of the X

.

previous two alternatives. Hydrogen ‘is prov1ded ufrom‘
gaslfied coal and residué while power'and~steam are provided -
. S . S R ) .
from a. co—generatlon' plant. Slnce\’addltlonal coal is

Areduired' ta supplement Case 3 requlrements, the m1ne is

£ expanded to 12 52" MM t/yr.- Addltlonal adjustments ‘are "also | -

made to- the ash dlsposal system, coal preparatlon -and
handl1ng, and the sulfur plant PowerAplant costs" are‘scaled~
e _~down - from Algas stu%y costs to half the size in order to

~ just meet plant requ1rements., With};power,' steam, and
hydrogen needs met by coal and SOlidfresidue,”fuel-gas

"produced is freed to be sold It must be recalled thg%? this™

fuel gas has only 65. percent of the heat content ‘of natural

gas and would therefore be cla551f1ed as a medlum' Btu gas{"'

~

.Thus, the 1756 MM m /yr avallable in Case-4 would aﬁ?ﬁnt to

- ; 1141 MM m /yr of natural gas equlvalent ' :;'3 _ _,‘M

#y

Costs, and material balance 1nformatlon for- Case 4*are

R ..-Q

| shown in column 4 of Table 3- 5 Capltal costs are .slightly
H‘hlgher for thlS alternat1ve, compared to the prevrﬁus case,'

S _'Slnce 1n1t1al outlays for a 300 MW coal f1red power plant

a - . .
Soet ‘v_” -~

:Q'Q' ‘exceed those for a 600 MW comb1ned cycle plant. S
, et g - woeR N T e
W . : ~ ' '
A a . : 4 L ‘
' L B 2
- : ’ .“ :
: ; O .
“ ) . ’ 2,

. R s
“ . ‘e . IR .. B :
wh - - CE N g
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Y | A
| 4. Economic Analysis of Coal Liquefaction ' 4 .,
c4, Introduction tu'v 'ggﬂfh' S S

The aim of this chapter is twofold to determine' the

L

sooial de51rab1l1ty, of" coal llquefactlon as an alternat1ve‘"

N ‘*'L

‘to’ 1mports and ‘to prov1de a. 5001a1 evaluat1on wh1ch 'can_rbej

-

‘compared to the market or pr1vate evaluatlon outllned in the--

.

next.chapter.~Thls latter,purpose 1S‘a1med-at checklng for

1

the presence of - market fallure.'
Before proceedlng w1th the benef1t cost calculatlons,ta
'number of con51derat10ns are d1scussed only some of whlch"

‘ : can: be- 1ncorporated into the analy51s. Follow1ng thle a net7

present value algorlthm 1s developed and adjusted to accounth

. . B

for uncertalnty over future world 01l prlces. Results of the~.;d
empirical. analys1s are- ﬁhenhp;ov1ded and dlscussed A't?ﬂ”‘fh
S .-vfu- e
R _4 2uConsiderations e ‘.;fi‘”' : ".ﬂiv lf']’;}«7*.', .
- 4 ‘ : : T L
Lo Asse551ng l theiﬁ soc1a1 value roﬁ, coal llquefactlonff;7h'
Ci.rf!p alternat1ves requ1res cons1deratlon of a number of ’factors.“;ff:h

‘onr --example, ’ 51gn1f1c§@t.: amounts of_ uncertalnty

Q’v' Yo

PR [ K B ¥
y»,‘ e L B R L @ r . .
.,“ "assoc1ated W i futureQ_values for .se eral var;ables %ndﬂ

4 e . SR
S Ay REECRERY. SoE TSR A
.,' parameters 1nvolved<‘in the analy51s. ThlS 1s part1cularly»,_ -
. " ‘& I&l& e . . ) . B -,;.. .
tru -?gf ibap1tal ostS;‘and . 0il 1mport ‘prlces.‘=,S c1al§“‘; '
. g e - “,‘;. . E .

assessment oﬁ progects also 1nvolves determlnang the value'

; s : ¥ o - ; L
T °f varlous 1“PUtS add Oé%puts in thelr next best alternat‘vﬂ
o i’f'oi" : I .

RS use.ﬁ Values ,calculated
. u ]

L
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is. particularly relevant..in the caselof‘coal.liquefaction
'»due to. the nece551ty of comm1tt1ng large reserves of. natural

. .,-U\ . o

gas for. hydrogen productlon wh1ch would prevent thelr use 1n_gjg

‘generat1ng soc1a1 'beneflts elsewhere.’ Productlon of

%

"_by products, such*as"carbon d1ox1de and fuel gaS““mayfhave;ar+¥—

.nsoc1al value or cost and thls also should -be ;1ncorporated

'-rnto_the analys1s@'.f‘i~f’ uuv fr;»_~f

H . . e . A
. . . .- . N . N
S - ' )

4. 2 1 Capltal Costs and Uncerta1nty

' As' dlscussed prev1ously under sectlon 2 5 1 capltal hJ

- cost, 'estlmates for ~coal*‘11quefactlon,, belng based ‘onl=’
. : . * A-“) . . Y . T "o . L

_prellmlnary

.y

¥ englneerlng estlmates,:. are_.‘subject tof',~

o

a

tremendous

,flrst of a k1nd energy

[

lfpower* development has

oth1s 1ndustry (Z1mmerman,;1{£f'”

.estlmates’sfoi,'capltal

o serlously understate f1naL cos
;3fdjq_w “"thls' p0551brllty,a,cap1tal
" . N ': . Q . N
,'jﬁthelr base case values,‘as outllned
L Tl o cLen

*and at ‘a much hlgher value based on the Rand cost growth

-gstudy (Merrow et al.[_1981)

..

In the Rand study, aAmultlple regre551on model was used

ol s

'l’ ﬁor both descrbpt1ve and»predlctlve; purposiﬁg.an asse551ng

Eost growth. ased *@n;ffhé~ results the. authors state the

"f_fhjjfhk,followaag°
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1f applied with appropriate car J the statistical
_ ls ‘developed here can provifd “easonable, early
predictions of plant cost and performance for a

mode

N

.

o)

Lo

‘spectrum  of kinds of ' advanced  process plants,
-including energy’ process plants._\(Merrow et al.,
1981, 3) : o ' o

6 fb_]“In order“to make usefof‘their model, variable values

1
Y

were .determined in consultation with engineering staff at
';'Algaslresources. Based‘on_the information theybprovided and

the - Rand'hcost growth equation,»it'waspfound that capigal

‘

N \ . o : . . -
1ncrease by 82 percent per '~ estimates prvvided 1in the .
Tl ' ] R . -

o costs for the prOjeCt Ai'” question Acduldl be ,expected _to

prellmlnary study This Vvalue would ‘seem to agree w1th‘d

"

‘sample means _used 1n the Rand analy51s where cost overruns

.

‘w varled from 61 percent to 104 - percent for progects at - a

51m11ar' level of development DataguSed inithis;calculation

i ' ‘1s prov1ded 1n Appendlx 3 y “«Jfbki/' m' {' -
N ‘v,'. %) - .‘_._ S ‘ . v
e i ; ' B o |
2 4, 2@3 2 Opporttf'ﬁ’t“ty Cost of. Cap1ta1 R , {; .
: o, . -"'&- .
Also oﬁgﬁbncern, w1th regard to Capltal Costs, ‘is the

sl

'approprlate Va to be a551gned to the use of funds over

e

the progect 11 e; s'nce' 11quefact10n- would be a . prlvate:;

.

domest1cally funded endeavor, or at least it is assumed to

'}

be 1n thlS st_dy, funds could be expected to orlglnate:.i-rt~

2

capltal mar‘ets 'where 'competlng uses ‘would 1mply a soc1al
. v:-,

opportunlt : ost equal -tol'the goxng ‘rate ‘of"return on7

_ ~
pnogectsirof s1m11ar %1m§n51ons.,lt was mentloned 1n chapterv
2 that number of factors- mlght lead to“a dlscrepancy o

: - ‘ . : @ to ";'N
' '}iji between -thls 'soc1a1 opportunlty cost of capltal and the

soc1al tlme preference rate.‘ Where thlS iy the case, ”a,}i_

* .~\v, :L*é} - . g L
i ~’ = (\ ;
Ty e
L TR ST .
e & i@«— . .
w EE T >
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" dilemma ex!ists as to the approprlate mgans of ,allowlng _for
" this d1vergence. Feldsteln suggests the follow1ng

It is best ... to allow for the soc1a1 opportunlty
cost of -funds d1rectly by plac1ng a "shadow price"
on the funds used in -the project and to make all
intertemporal ‘' comparisons  with a social time
preference rate or function. (Feldstein, 1972, 247)

'jpr1vate and soc1al

'»51nce 1t WIL'“

" The- quesétion arises -as to how to determine this 'shadow
.pricei;

. . ) . ; S . """.,' . - ) : l l‘"A'
0 One alternative'.to caloulating' a social'opportunity;g

cost of capltéf or shadow pr1ce focUses on how' returns from
aV publlcl‘or‘ prlvate prOJect are spllt between consumptlon
“and relnvestment. W1th respecm to publlc expendlture, Mlshan

-outl1nes thlS method

Ow1ng to the fact that some portlon of K (capital).
~at -least would jpe used for private investment, and .
earning therefore a return X, the present ,soc1al"
worth of ~ K-which is* regarded  as the . social
opportunity cost of a publlc investment requiring a“
51ngle outlay K- will 'in gereral excéed K and may be"

written as aK, where a>l. (Mlshan, 1976, 220)

<

Thisv.-f'n may be call‘g the shadow prlce of capltal Sugden~u
and W1llyams (1978) calculate a by f1rst deflnlngsymﬂas the-‘ﬁg

return :on marglnal' fnvestment prOJects

ostf'of‘

rate. Thls_return,_anyamgéag'l generated each year for each

R 4.,~ ’

1nto that portlon“'whlch is'

: dollar'invested,fcan be ¥
consumed .ci,,_and,a'ré.ﬂ ;“r wh1ch 1s relnvested (l c)1.

The amount Eelnvested 1s agaln subject to the same d1v1s1on”

tlso eventually produce a return._fﬁus, (l c)p
‘ must be multlplled by 'the,‘shadow' prlce»j Any prOJect :aﬁ'

b produc1ng‘a return‘of,leialggenerate;annual social” beneflts ;'
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equal to c1+a(l c)1. Assumlng these beneflts are generated k
1n perpetu1ty ‘the present value, dlscounted 'at the soc;al

time preference rate r, would g;ve_the ‘shadow price (a) of‘a' R

"

cl+a(l-c)i

g

@

‘In’ thas formulatlon we have bo _

-a value of one and there is no shadow prlre assoc1ated w1thﬁ“'

'wthe use of funds,

a = .
r
- S 7 ci
which reduces to:..  a = ——
‘ o : ‘ r-(1- c)1

gThe'shadon?value of'aﬁcapltal outlay of K would then bé{u v

. : 1

N S

ak = “————— Kz’ . . .

L ooreee)i SRS N

[ . ) o o VR
: : N ‘5%

v

/"

'\
) N
L.

or market rate of 1nterest (1) a:' s the soc1al rat of;

’

‘ Unfortunately, uSe;.of th1s approachii

the,prlvate ’dlscount' ratef

;formldable emp1r1cal undertaklng A more practlcal appgpach:l'

 to the[ problem oofa shadow pr1c1ng haé.gzen p01nted out by‘

opportunlty ‘Cost of . Jcapltal and t1me‘apreference ‘rate -

hdlverge, an adjustment factor is requ1red Wherecghe use of

J'slmply fthe’ oppor@aslty cost rate d1%1ded by the t1me

r]fHowe- (1971) He‘ argues . that ' wheré’:-the;‘:approprlate;~

3 s

'dcap1tal funds takes place “ih perpetu1ty"‘thls factor is :

"vpreference rate. Thls ffs‘iequ1va1entﬁ-to the 51mpllfy1ng .

f,assumptlon that all returns are consumed or that e=1. Th;sJ

V 4 - ‘.-.

wr

o=

. . IR K S . - s L .
R - om0 . S e R - ’ ! Y
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e .
factor “is‘ then used to multipiy capital costs before

:entering them 1nnthe net beneflt calculatlon where the time
’ “ W e ‘Ka

,preference rate fsjused to dlscount all otherJ benefits and

pr]
_costs A pro;ect Clth a. f1n1te 11fe, the relevant 51tuation,
g

' . 3 ,/

‘rfor llquefactlon, wguld be adjusted by the fdllow1ng factor."i

7

A AR (i/r) | 1- (—-—) |7 a- (—_)
‘ ‘ : T+ I .

sy, .~ _where Q\if.is the opportunjtYh'cost‘grate,va‘ is ’the'timej
preference‘rate;7and miis the“project iife Thlﬁ approach 1s'

anaIOgous to amortlzlng capltal costs at the rate 1 and then_‘

R

- — - Y

:'A;Q~.'vd1scount1ng to the present all annual payments wlth the rate.‘:;

L r. Ylew1ng it 'th;s .nay, ‘Howe s approach would appearras'

~ follows:. :
—— ) ‘ . &E‘ 'r'
R R R R A EE CE
-&i" .“ . " . . . : .
’y:fgm Here the.. numeiator- amounts 'to;'a' 51nk1ng ~fund  charge
S ;(Ecksteinv" 1965),. Both formulatlons -produce;an identical;

value.
vo o

z-'Whereas. simply. using a lower discount rate“wili result

e

-ﬁﬂan a:more favorable proyect status, Hi‘e states that-'“It is

”*“'notljat'_ali clear that a prOJect{aw1ll present a better

'f,;fjbeneflt cost ‘raélo by"' us’mg_ a 10@4&\ dlscount factorc..lf '

(Howe, 1971, 68) The;

xw}ﬁcapltal costs- are adJUSted qua?.

”ﬂh thefpresent';analy51s"

R ,,%echnlque squested by Howe is use5

[
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s

to allow for an opportunity cost. of capital and the

4.2.3 App:dpriatejSotial d

discounting of all benefits and costs with a social time

preference rate.

'Economic theory adv ~ = in the _soc1al asSessment-»

<&

¢

of’ projeets, both. inputs and. outputs should be prlced at .

their value ;n.the'best alternatlve use. UThe opportunlty

Ccost'bapproach ‘to pr1c1ng suggests~§that"-Where regulated
S A :

B

1mports'

9

prlces exlst soc1al value imay dlffer from market pr1ces._In

the case fef llquefactlon h\two commod1t1estface regulated

S

prlces,.syncrude and natural gas (1nclud1ng :fuel gas). It

&
vy‘. o ."7.'.." g

remains_thehftOgdeterminglyhat apptbpriatefsgéial values.fbr‘:

B\ s commodities would™'be, 'given 'a liguefaction oplant -

"3‘

-

'h to determlne the soc1al profltab111ty “of

produc1ng 01 _y'means of coal llquefactlon, the measure of
the benefnts of thlS output 1s taken lfé“ be the'.valuer-of

'-1splaced. ThlS-; aceords with ~the notion "of

.alternatlve coé£; Clcdhétti has used‘.this,’approaqh in’

asse551ng the net beneflts of Alaskan oil, alsb'expected to’

dlsplace 1mports (C1cchett1, 1972) He - ]UStlfleS thds ghy -
p01nt1ng ‘ t1 thatVy iv"both‘ﬂ?lternatlves éerve the same.

,"Woulg, be 1nd1fferent ‘to the'hti Yo

'asﬁbply_ (Clcchettl, 1972, 17) ;'e
t’fali' PRI T o'tr-' 7&‘“ R
L g R Lol N
. , - D RN -::“ft'\‘ -

market and the quallt

ud vi§gs1m1lar, then .COnSUMEDS.-'

1 e .




assumed to come on' stream.: . Unfortunately, events in ‘tHe

Ay’

" ks O

’

LIt rqma1ns then to determlne what actual 1mport prices

.\*

. N
will be in 1991 at 1whrch ‘tlme a llquefactlon plant ib

t

: 'world 011 market over the last decade have served to- prevent‘

Bl

mean1ngful predlctlons';of -future'~1mport prlceS" Desplte
o _

83'

thlS,.lt is useful to compare the prospects for llquefactlon

\ s

e

'9

'dlso assessed o _}.'Q‘ ' {;'-‘;J o

given varlous 1n1t1al soc1al values forﬁoutput In order to: .

T A -
~.do . thls,*the 1982 1mport pr1ce was calculated adjusted for

'quallty"dlfferences _wrth thev'coal based syncrude, wtand._

1mports dlsplaqu If 011 pr1ces rem:'" constant in real'

R Co - SRR .
'netted back to Alberta. This' gave_a plant-gate valhe for .

tedﬁ% over the 1982 91 perlod then thlS would represent thehiﬂ-‘

3”3&'

iV

dollars.. So as to 1nclude the p0551b111t1es that 011 prlcesle,

)‘V

[ R

4

gas as a substltute for 011 n . the. space heatlng market

A

'~‘1n1t1al veaﬁ&yalue of output inf 1991 ’expressed n' 1982”-"
.h may rlse or fall 1n real terms, alternatlve scenarlos, were .

Naturaﬂ gas prlces can be expected 'toe Closelyc'followf”

. .

the © M vements “bf 0il pr1ces,vdue to the nature of natural'q7;~

Desplte thls,'vthe'_problem ‘ariSes in- determlnlng what anﬁ

}

approprlate 1n1t1al pr1ce should be gthe .natural gas

Teedstock.~_?ori soc1al evaluatlonf

:tlnputs and outputs at thelr hlgheé% and best ‘Use. -, W1th>

-

natural gas, there 1s reason’ to belleve that in- 1990 thls“:idf

’ ,lS necessary tO prlce'

w1ll be exports to the U S., ern though thlstwmuld no be;

;'
4 : <.
. , ., . PR i

”4thef' case :at present.,<4,e; 1982 export prlce, set .at

“'.‘_ . . ﬂ - 1 R

$4 94(U S )/MCF llker over valued Awhen5¢7itf;'is.

B SR




- considered that only about half of licensed volumes were

actually shipped south of the border (Alberta Report, 1983).

" Recent redﬁctions»ﬁn the export‘price in mid—Jbly 1983 have

moved__somewhat_“towards enhancing prospects-for— exports yet

“

the short term outlook remains bleak given recent addltlons

to U.S. reserves and slumplng demand (Alberta Report 1983)L‘

Despite these m1t1gat1ng factors, llong—term' prospects for

exports appear good and recent projections for U.S. gas

supply include Canada as a major source over the next

several decades (World 0il, 1983). A recent EUPC. forecast

‘states:~

The 'supply of natural gas in the continental U.S.

(even after’ assuming ‘that higher prices  would

stimulate .iffcreased drilling), will probably decline

at a faster rate over the next 25 years than the

very slow decline in demand. “This imbalance is

expected to ‘create a supply shortage by the
. mid-1980's, «creating significent benefits in turn .
/ for Alberta. For example, the volume of Alberta gas

' exports should 1ncrease ‘dramatically by 1990 (EUPC,

r' 1983, 3-4)

. This will be further enhanced if plans for coal_gasification

in ‘'the U.S. do not materialize.
. ' : ‘ S

To accommodate long-run demand for Canadian gas, the

,'price is assumed to equal-the U.S. domestic price in 1982,

which 1is somewhat lower, than the current Canadian export

 price. At this level,’ demaﬂd would be presumed to be

infinitely elastic and Canad1an gas would then. represent a

perfect substltute for ‘domestic U.S. gas. Thus, -initial

“valuation of natural gas feedstock used for llquefactlon in -

1991 is taken as thls constant 1982 value with alternatives

included to parallel possible oil price-changes.




4.2.4 Opportunity Cost of Coal

’ Costs ol feedstock coal were outlined in chapter 3.

Implicit in those calculations are real efficiency costs for

_f“;.____mpnoducbion‘onlyr—L£~COai-had¥nomofhérwusesq thEﬂ—theSEMQOUid-f—_
be the/’appropriate social values for the use of coal in
.liquefactjon. Examinatign of coal use in Alberta leads to
the conclusion that this y or may not be the case.

Provincial cgai4use‘c nters a;oUnd the‘power generation
industry, 'whiéh is predominantly - coal-fired. Total

v

consumption of coal in 1981 fir this use 'wés‘ 11.44 MM t
(ERCB, 1982a). Derived demand for coal hinges on demand for
electri;ity which in turn relies heaﬁily on provincial
‘ economic growth.
Current expections for generation site development
" would see éonstruction‘yéf ‘several coal-fired plants over
this decade. This would include 2 375 MW units xat- each of
~Keephills;-\Sheerness, and éenessee'v(EUPC, 1981). .Thése (
projects are intended to replaée the Camroée-Ryiey p;ojeqt
which 'wés shelved in the mid-1970's. Cépacity of these
h'planfs totals 2250 MW and rouéhly corresponds EQ demana "
.increases over the 1%82-91 period (EUPC, 19&;).'Subsequent
to these planned éddifions, develogmenf of fuéther caﬁaéity
at ali :thfee sites will take place. Indigations are th§£~
,  sufficient coal reserves exist at Keephills'gnd Genesee for
/\> an ' additional 4 375 MW units at eaéh site while ShéerneSSw

should- support at le€ast one additional unit (Fernet, pers.

comm.).;Forecaéf supply should 'also include.approximately~
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1000 MW of peaking capacity from the .Slave River project.

Total planned supply additions from 1983 onwards sum to 6625

.

N

MW. Based on the current EUPC forecast, <hese additions

Ehduld——satis%ﬂy~—peak——demands——unt&i——approxim&tely 2007~

bevelopment, of Camrose—Ryley or any other sites béfore this
period is hiéhly unlikely due to the economies of scalé
associated with expansion on existing sites.

Development after currently planned . additiqns is
diffichit to speculate on. A likely site, in competition
with Cémrose—Ryley, yould be the Ardle& area, 'east _of Red
. beer, yhicﬁ could support up to 2000-MwW (kolisnyk, 1982). An
VERCB document, outlining options to Camrose-Riley, showed
slightly Tower genération; costs for this site over
Camro'se-Ryley (ERCB, 1976). .

.Committéd coal reserves to aeneration expansion oVer_
the 1983-2007 pertod can .be calculatéd;. Assuming. 35 years
per plant at a 70 percent capacity fac?or (ERCB, 1982a), a
coal heat rate of 10,550 kJ/kw-hr, and an average heat
content of _17,006 MI/t of -coal, the 5625 MW of planned
.cabacity would require about 750, MM t. The ERCB lists
strippable reser¢es at the ‘end of 1981 tbtaliiné 6990 MM t
kERCB, 5982b). Thus, ' coel committments to power sites
,_com@issioned. between .1983 and ,2007 would represent just
'under 11 pércent of the total. .If ultimate potential,
in&luaing undergroﬁnd reserves, -4is téken as the total, the

resulting portion committed is léss than one-tenth of one

percent. These figures would seem to indicate that power



87.

generation ' should not restrict the availability of coal for ¢

~

lother uses such as ligquefaction. o
EA

The relevance of 'this discussion to coal opportunity
) .

'éos@s_%s—that—a%though—suffitient—totat—

committment of reserves at a site such as Camrose-Ryley to
éoal conversion means that these are not available for: power
generation.' To = the-extent that costs for alternatlve sites
will be higher, and the present value cost of the power
system is increased, an opportunity cost is associated with
tﬂe foregone site. The difference in present value costs,_
where bne exists, would be a legitimate rent attributable to
’thé coal in place at the selected liéuefaction site and
.represents a value which liquéfaction net benefits must af
least equal in order to be consiaered a best ﬁse of that

coal, Presumably where no dlfference in costs was the case,-

|
1

no opportunity- cost for power generation would exist.' This
argument applies to any site where coal reserves are
sqfficient for either use. | .

Based on curfent forecasts it seems wunlikely that
committment of-apy potential power §ite‘ to liquefaction’
would Ncreate_ oppontunity costs before 2005-2010. Any such
increas% in system costs after this dafe would need to be
discounﬂFd back to a 1liquefaction start-up daté.-lf this
were aroLnd 1990 aﬁd a 7.5 percent discount rate 1is used,

the presePt value of any 1ncreased costs would be reduced by

two- thlrds to three- quarters. . ‘ )
|

\

§
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An alternative opportunity cost of coal may also be
Lo : ) 4 o “ *
relevant. This .is the possible exportation of power to the

U.S.. A recent exhaustive study outlined export potential

for——Canada and concluded that Alberta Apowev‘ may  be
cost—comﬁétixiyevin th; California—Nevaéa market ;by 1990
(Battle et al., 1983). Although.ﬁuclear power costsvin that
bregion Qilf likely prohibit ldevelopment of dedicated
‘capacity{ where plants are conétrucéed solely to provide
power to the U.S., dedicated ehergy"Sales which would
displéée oil-fired capacity ﬁighﬁ be feasible. Dedicated
energy'exports Qould depend on the cost of delivered Albefta
power in the California-Nevada area relative to marginal”
operation costs of oil—gired“plants. This lat#gr value will
depend e55e6£ia}ly on’U.s. fuel o0il prices. AltHougpL?attle.
,ét al. make,nb mention of competiﬁion. for oil-fired bowef
" markets from western U.S. cbal regibns, the existénce of

. such compefition might significantly inhibit Alberta's
opportunities forxexports of power.

In‘*terms of coal opportuhiﬁy costs, electricity exports
.are similér to power generatibn for~dohestic needs. Although
total rents'accruing to exports might be large.if‘oil prices
-;iée substantially, the rent accruing to generation from‘anj
one .site 'will consist of its cost advanpage over genération_
‘at an alternate, as fong as such exists. Thus, this p;rtioh
of rent would represent an opportunity cost of not using a

site for export and would be identical to the opportunity

cost .of displacing pover-generated for domestic wuse. The
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only difference would concern timing. Presumably, expor'tlof
elettricity could be induced once U.S. fuel oil prices se

sufficiently, but issues of rent distribution betwee. U.S.
. .

~and—Canadiaf participants, teliability, and other'legal

matters would have to be resolved before exports wer:«

L) .
Al

possible.

Due to the uncertain nature of future ' values of coal

- deposits, their opportunity cost is not explicitly accounted
for in the analysis. fhis approach is‘ enhanced by the

!

hfispence of potential beneflts which may arise from use of
}_zij\fbon 5id¥1de, produced as a by-product of liquefaction,

{§Zr\xenhahced oil recovery. This possibility may serve to
partially or fully offset any coal opportuniﬁy costs

resulting from committing low-cost potential power sites to

liquefaction. We turn now to a discussion of this issue.

4.2.5 Carbon Dioxide and Enhanced 0il Recovery
| Coal liquefaction . produces signifieant volumes of
by-product carbon dioxide; This gas, which is detrimental to
the envi;onment in large accumulations, has potentlal for
use in enhanced oii recovery. To the degree that carbon
dioxide in a useable form is a scarce resource, a rent m1ght’
be expected to result from its use in enhanced fecovery.

An exﬁauétive séudy on the_edbject- by Rrince .(1980),
determined thét up  to ‘83b MM\barrele could be profitably
extracted by carbon dioxide mlsc1ble ‘flood techniques at

$20/bbl in - 1978 dollars. Howéver, 9nly.533.8 MM barrels or
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- # ) : ’
64 percent are most profitably extracted using carbon

dioxide as opposed to other techniques. In, particular, the

carbon dioxide miscible approach is.in direct competition

-

1980) .

with hydrocarbon miscible flooding which, makes. use of

methane (Princéﬁ }Séb). Thus, the value or rent acqruing to

4

* scarce carbon dioxide would equal the extra cost .off.usﬁng

the hy@rocarbdq‘ technology for reservoirs in which carbon

dioxide was most'préfitably applied but was not available.

Where no other technology could be used, thé rent would

~constitute the entire difference between the cost of

¢

enhanced recovery and the Qil's import displacement ‘value.

The 'above argument rests crucially on whether

sufficient supplies of carbon dioxide are forthcoming..

Prince notes a study done in 1977 on availability of carbon

‘anticipated needs (Saturn Engineering, .1977). Since -supplies’

of carbon dioxide rely heavily on pétrochemiéal and ‘other

chemical-industrial facilities, developments in the
provincial economy. since that time may have radically

altered the supply odtlbok.. It should be noted th%t' {f

~

‘recovery of carbon dioxide from.pohe}.plants became viableh

supplies would become - essentially uncorfstrained (Prince,

~—

~—

Demand and supply of carbon dioxide for enhanced
recovery ‘depends heavily on the oil price. -As this price
rises, more recovery projects using carbon dioxide become

profitable, increasing demand for tbé gas. At the same time

dioxide .and concludes supply - should just be adequate for,(
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greater volumes are, supplied as petrochemical activity

expands The situation is further com;}lcated where natural

gas, prlces r1se in tandem- with oil prices; hydrocarbon

miscible flooding becomes more expens1ve and rents , accruing
to carbon dioxide will 1ncrease.

Potential supply»of carbon’ dioxide from 5 liqueféctiod
plant, based on Algas estimates’ for CasesA1 and 2, totals
1478 MMAﬁ’/yr. Carbon aioxide; for these cases, 1is prbdbeed
"as a by-product of the -steam-referming of natural gas;
Volumes produced by.Caees 3 and 4, where carbon dioxide is
‘produced as ,a by-bfoduct of gasificaéion, would likely be
gfea;er but in e more contaminated form_(Fluoflﬁngineers and
Constructors Inc., 1979). ® Exact values are difficult to
detefmine. |

Prince (1980) indicates that 69 m?® ef carbon dioxide
are required for each barrel recovered by tereiary means.
This would suggest suppliee from a liquefaction plant (Cases
1 and 2) could provide for recovery of up to 21.4 MM  bbl/yr
or a total of ,535 MM barrels over the 25 year prOJect 11fe
ThlS almost exactly coincides with total potentlal for all
of .Alberta from carbon-dioxide en@anced tecovery. Thus, it
is unlikely that rents would.accfue_to the entire amount of
carbon dioxide produced,.given other sources of supply. It
is more probable that a ‘much smaller proportion may be
required and rents from this ' could serve to offset coal

-opportunity costs, wHere these may occur.
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4.3 The Model
In " this section an equation for calculating the net

benefits of coal liquefaction is formulated. Given the

(Y

.merits of severa

problems associated with forecasting vil pricés well into
the futﬁfe? an alternative method.of assessing the relative
. ' 1 alternatives is presented. This approach
makes use of breék—eQen/or annual required increments in the

oil price which will render net benefitsAeqﬁal to zero.
. . «

"~ 4.3.1 An Algorithm For Net Benefits

. “

Measuring or assessing the net benefits of coal
liquefaction is primarily an exercise in the application of
benefit-cost . analysis.. Although this .technique. was

originally developed for use in measuring the net welfare
%‘

'gain and thus désirébility of public projects, primarily

water resources projects for which efficiént‘output' markets
did not exist, it Ean be readily applied -to the asSesgment
of large private sector projécts and indeed has'beeh (Foster
Research, 1978). ’ | _ S o

Conventional benefit-cost formulations generally take

the form:
m oC
PVC = X + K
t=1 (1+r)*
o
~, m B
PVB = Z -
o t=1 (1+r)?

Here, the present value of costs (PVC) is equal to the sum
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of diséountedi‘ﬁwuml operating costs (OC) over the life of

s
s

thg}ﬁroject (m) pius the oriéinal capifal outlay (K). The

present value of benefits (PVB) is equal to the sum of the

‘discounted benefit stream, wﬁere B is annual gross benefité,
K : i

and"f is tﬁe discbunt rate applied to. both benefits and
costs. The net. benefﬁts of. project "aré, the difference
between the preéent/yalue‘of benefits and costs (PVB - PVC).

An inevitable /roblem in .projecfv evaluation 1is the

determination of appropriate price levels. Harberger states:

i

It is essential for the proper evaluation of
projects to cérry out the calculations of costs and
benefits in real terms, and the customary way to
accompllsh ‘this is to express estimated costs and
benefits in terms of the price level prevalllng at
the time the pro;ect is being studied...This does
not say that costs and benefits -should be evaluated
by pricing 1individual products and factors at the
levels/ current at the = time = of evaluation..
Ant1c1pated relative price changes, as distinct from
‘general price level changes should be reflected 1in
cost-benefit analyses. (Harberger, 1972, 118)

In order to\;ccémmodate relative price changes,. three
adjustments \ have been madééfto"the basic netl benefit
formulation \\Usédu here. Fifst in éddition - to
import-displacing syncrude; the beneflt term also 1ncludes a
“butane product, rather than allocatlng this as a by-product
to be - debited against operating ‘costs. ,Seé nd, sohe
alternatives (Cases 2 and 3) produce power for sale to the
proviﬁciall grid._’Tﬁe'valpe Qflfhis output is included as a
negative or by-product value with 'operatingf costs. Third,
natural gqas Qalues’have been incluqsd with the benefit term '

as negafive’yalueg where it is purchased (Cases' 1 and 2),

and as a positive value where fuel gas is sold (Case 4). The
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reason for these provisos 1is that social values for
syncrude, butane, and natural gas are assumed to move"’

together at the rate of increase in world .ocil prices. Based

o]

on the possibilities for substitution this seems a

reasonable assumption. On the other hand, power values would

- be assumed to increase in real terms in line with operating

costs, ' since changes- in both should in part reflect the

- supply and demand situation for-materials and abor.

Based on ' the preceedlng dlSCUSSlOD the follow1ng

algorlthm w1ll represent a statement for the net benefits of

—

llquefactlon:

o

- m ) : . ’
b = Z (PiQi+Pij+Pka)(1+a')'/(1+r)'

", 1 =01/ 1+) ™, : m
- I a,|{~-)—m———— K/(1+r)s - % OC/(1+r)t
o-t/1em| - |

’ : .‘
. : UJ

natural gas
s or sales of natural

AR ,\ :
where: b = net present value, of pr03 ct in 1982 dollars
‘ Py = import dlsplaceméntﬂvalu of syncrude
Q, = annual prongtlﬁn OFf syncrude
P, = prigce of . bu%éqe product
Qj. = ’?Dnua,l/—‘ &

S ,gﬁidn of butane product . .

18a:
. 0CHe annuarﬂﬁ‘étatlng cost
a- -—<annual»r‘ 1l increase in world 6il
'»;_“ pr1ces’ . - ,
\ﬁ: ~project life . ' - .
W A construction period ' : ’

a, = proportlon of capital-cost occurrlng ,
in year'n ’ . -

r = social discount rate ,

i = gross-of-tax return on capltal -

-

Some -discussidﬁ of this eqguation would be in order. The
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first . term represents the present value of net hydrocarbon
output (excludlng coal) in _thatv syncrude, butane, and

natural gas values are 1ncorporated These would then be

expected to rise in real terms at a, the real 1nflat10n rate
in world oil prices. The second term 1is capital’ costs
expressed as an adjusted present value. The adjustment
factor or shadow price accounts for the discrepancy between
the opportunity cost of capital and the’sociai discount rate.
and was explained rn section 4.1.2. The opportunity cost of
funds duringjconstructidn i1s accounted for by .accumplating
expenditures over. the cons;ruction period at the social
di'scount rate. The final term is the _presentl-value"of
operating costs and is based. on Tahle 3-5 fn chapter 3.

Thus, we have an equaticn for aalculatlng the net. benefits

of liquefaction which can be applied to the four

alternatives being examined.

4.3.2 Annual Requ1red 0il Pr1ce Increment. An Alternat1ve To

L4

- Net, Benef1t Analy51s

In asse551ng the ecmnomic de51rab111ty of a pro;ect it
is, preferable ‘to estlmate either the. present value of net
benefits' orf a beneflt —cost ratio. Unfortunately, with the
'case of coal llquefactlon .1t may be undesirable to asseSs a
project w1th - this approach due to uncertalnty assoc1ated
with certaln parameters. In partlcular, the world price ;of

oil, taken as the medsure of benefits in this analysis, hasu

been_subject to highly errat\c and unpredictable changes.
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Given that the world price is expressed in U.S. dollars, the
-exchange rate also plays a role in determining the domestic

import cost and uncertainty is' also associated with future

-

va&ﬁes bf, this pérameter. These two vaLugs can be lumped
together to forh an uncertain domestic import price.
Historic valhgs.of this price are shown in Table 4-1,

Some justificationffor simply incorporating a first
year vé@ﬁe in a 'modei can 'be found for prices where

uncertain inflation is.expected to occur but where deflation

v 2@5 highly improbable. A first year value wougd then

- represent a lower bound for benefits. To show the domestic

import price as -a first year value, however, would be

.misleading since this value may increase dramatically, as it

has in the past, or it may aétually decline as has happened

more recently. The uncertainty associated with the import

price 1is such that any calculation of net benefits could be

.-

rendered obsolete almost immediately.

In. . order to 'deal with this problem an approach

suggested by Maurice and Smithson (1980) is proposed. In

their article they attempt to devise a ﬁethéddloéy Egr
dealing with noh-c&nvenfional technolOgies whefe "marginal
cost functions are hot.AVailable-and scanty engineering cost
.data mugt be used:'ThUS, costs can be assumed to be  highly

uncertain. 'The approach used sets the net benefit statement

.

equal to zero and solves the net benefit equation for costs,

_rather than -for~ net ' benefifs. .This value would then

represent the highest value that costs cbuld_ assume and
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Table 4“1 Domestic 0il Import Price 1974-81 .

e g

-

.”Wgr&d~0%1mprfcem—Exéhange—RatE“—Domestit“Tmpdft_Pfice~

-

.solve ‘for the annual increment in oil

result in

"‘.

zZero

Séufqes: World 0il (1982),

"costs,;>valhesr for which have already

net benefits. .

($U.S./Barrel)  ($ Cdn/$ U.S.) ($ cdn/barrel)
1974 11,28 . .978 11.03
- 1975 11.02 1.017 1121
1976 . 11.77 .986 11.61
- 19747 ,12.88 R 1.0635 13.70 -
. ..1978 12.93 1.1407 14,75 -
1979 18.67 1.1714 - 21,87
=~ 1980 30.87 » 1.1683 -36.10 :
" .T981f 34.51 . 1.1989 . 41,37 '~ , '
IMF (1982)

:~.§till render the project viable. Brandie et al. %1982) use ‘a
Jeaosimilar ‘approach ih'~éssessing prospects for tar sands
s deveiopment. - 'Like Maurice and Smithson, they set net

l“benefits equal.to zero,;.However, rather . than solve for’

been estimated, they

prices which - will

' the case of coal.

;LiQUeféCtion,'it is this approach which proves most useful.

Since uncertainty over initial hydrocarbon prices was

- dealt with through several price scenarios while uncertainty

. .over capital costs was incorporated through use of the Rand

~'cost growth model, ‘the remaining uncertain parameter is a,
: \ . ’ .

the expected real increase-in'theAdomestic import price of

.0il. If the net presen% value has been defined as zero-iand'

all other parameters are -evaluated at their base.caée or

Aalternative'scenafio values, the estimating equation can .be

solved for « in a manner similar to Brandie et al.. This .

gives an annual real oil price increase which retains the |
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present valuz}of net -benefits equal to zero.

|
This caén be looked at in a different ‘way. For each setr’?

of cost parameters there is a particular present value of

"costs. Each set of oil prices also has a first year value

for net hydrocarbon output or benefits attached to 1it. The
value of .a which renders th? present value of benefits egual

to that of costs is the required value.

4.4 Parameter.Values o ; \
Having outlined tne model and approach w&ich lwilll be
used to evaluate .the four liquefaction altérnatiyes under
:study, we turn now to de'termining the vaTUES/of the model's
parameters not yet' specified - These 1nclude. prices for
hydrocarbons (syncrude, butane, and natural gas), discount
rates, and cbnstruction and operating schedules. Values for
capital and operating ' costs, expressed . in constant\ .
~undiscounted dollars, were presented in Table 3 5 of chapter ‘ r/f

3.

4.4.1 0il Prices

It will be recalle'd that the social value of synfuels
from._coal ’is~ taken to be the value of.imports displaced
/This requ1res calculatlon of the value of 1mported petroleum
of 51m11ar guality, netted-back 'to the 11quefaction
plant-gate. An averageAimported value then will requirev two

adjustments, one - for qualityf.differences and one for

transportation charges between the point of delivery and the
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iiqﬁefaction.plant.

‘Adjusting. oil prices for quality differentials entails

A\

i

consideration of both densit and sulfur content.® Higher
density\\fuel, ‘measured by .degrees API, is more desirable'
because a larger proportion of high-valued products can be
refined from it. Sulfur, on the other hand, increaees
refining costs as its proportion increases. In order to make
adjustments for these twoe factors, .which differ for everage
imported'petfoleum and the coal-based syncrude, a regression,
equation was employed.. Data were obtained on average prices,
densities, and sulfur levels of OPEC oil (World 0il, 1982)
and density and sulfur values were then reéressed'againet
prices to obtain the folloWing equation: . o
Price = 31.66 + .10321 API - .94074 Sulfur

R? = .85 S,E.{= .57 (1.68%) N = 15

Adjustments to the imported value of petroleum wefe made

using tneooartial derivatives from this equation.
'Transportation charges considered here include pipeline

costs; .oipeline losses, {and terminal‘oha;ges at Montreal,

the point for which the landed prioeois* calculafed._ Values

- for these parameters as well as the average import prige in

mid-1982 ;were .obtained from the Petroleum Compensation

- L e ' . { .
- Board. The net-back calculation for syncrude is presented in

Table 4-2. e
The price for 4the mixed butane product was taken as

$28.66/bbl and was obtained from the ~Alberta Petroleum
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Table 4-2 Net-Back Social Value of Syncrude y
Product - Values ($/bbl)m-édmmehts

Imported Petroleum  41.08 '32°API,1.75% sulfur, landed
. . at Montreal, July 1982,
(Kosegl, pers. comm.) =

+ 1.39 Quality adjustment to
29.5°API, 0% sulfur based
on OPEC price differentials
(see text)

- 1,21 Interprovincial and Lakehead |,
N pipeline, Edmonton to :
Montreal; pipeline losses;
Montreal terminal charge
(Kosegi, pers. comm.)

Syncrude . 41.26 Net-back Alberta price for
U 29.5°API, 0% sulfur.

Marketing Commissioﬁ.(Macdonal@,'pers; comm. ).

Oﬁtputs of | syncrude.‘ and butane for all four
liquefacfiog élﬁernati;es amoﬁnt to 18.85 MM bbl/yr and .393
MM bbl/yr, respectively .(Kilborn Alberta Ltd., 1981);\The

. total first year value bf. syncrude and‘ butane in 1982 

éoi-ars is $788.97 MM.

-

!

4;4}2 Natural Gas Price

The éxport pficé for natural 'gas, .taken as the
next—best\ use value for this commodity, presents some
problems for ‘éalculatioﬁ.; Section 4.1.3 outlined_'the
selection of_the.U.S. Adome;tic pricg as the apéropriate
-value. ' However, many different price:&evels for natural gas

éxist in the U.S., due to the fact that it is regulated by
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the NGPA or Natural Gas Policy Act (World 0il, i983). Crouse

(1983) 1lists three different average prices for 1982: an

. the U.S.. o

N

average domest ic price of $2.40/MCF (U.S.), an average
section 102 (ﬁGPA) price of $3.14/MCF, and an average
section 103 (NGPA) price of $2.64/MCF. The vaiue'of Canadian
gas should theoretlcally be slightly below the highest price

domestlc uU. S gas, ‘in order to induce substitution. For
\
purposes here we take the section 102 prige of $3.14/MCF as

an apppoximation fof\phe substitute value of 9é;adian gas in

| .
\ .
A . K4 . 4

A

T~ For conversion of U.S dollars to Canadian, an exchange

-~

rate ’of .80 ($U.Ss. /$Cdn is used. This suggests a Canadian .

export wvalue of $3.93/MCF\pr $138.74/M m*.. Net output .of
“‘natural gas for Cases 1 aAQ-Z'is ~-1826 MM m?®/yr. For Case 3
there is no input or output Bf natural gas or fuel, gés Case
4 includes sales . of 1756 MM m®/yr of fuel gas. Since this

medium Btu gas is evaluated. 5& 65 -percent of the heat

content of methane, output ak\natural gas equivalent for

Case 4 is 1142 MM m?®/yr. Total flést year values for natural

2, zero for Case 3, and

gas are: -$253.34 MM for Cases 1 an

$158.44 MM for Case 4. _
Totél ~first‘-'year. values ‘for et hydrécarbon 6utput
(excluding céél) are.presented in Table \4-3 for thé _four
sets of design parameters being considered. These values
féﬁiect 1982 prices for these commodities \which would be

expected to increase at a, the annual increm nt :71d oil

prices, over the project life:

i)
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Téple-4;3 First Year Social Values for Net Hydrocarbon N
S Output ($ MM 1982) . ’
‘/ ',
Case 1 . Case 2 Case 3 Case 4

Syncrude 777.75 777.75 777.75 . 777.75

Butane 11.22 11,22 T 11,22 Co11.22

Natural Gas -253.34. -253.34 - . . 158.44

Total 535.63 -  535.63 . 788.97 947.41
q, D)

4.4.3 Discount ﬁates and Schedules

Choice of a real discoﬁnt rate reqUirés two values, an
opporfun%ty cost of cgpital and a soéial pime preference
rate..”This requirement arises as a result ‘of the inclusion
of an adjustment factor appliéd to capital‘ costs which
reflects the assumed divergence between.theée twé rates. o

The oppogtuhity - cost . of capitai : reflgcts ~the
gross-of-tax real réte of:_pgtﬁrn .on._dohesticl cépital.
Several étudies haQe estimated this Vélue with most authors
arriving at a Lnumber in the afea'oﬁ 10 pefcent (Treasury"

Board, 1976). A more recent study from the Economic Council

-

‘of Canada estimated the average real before-tax return to

capital over the period 1947-J976 (Tarasofsky et al., 1981),

" This value for /the manufacturing sector was 10.2 percent and

is used in thils analysis to reflect the opportunity cosi,vof

funds invested in a coal liguefaction facility.

»

TheApro lems associated with selecting an appfopriate

.social time preference rate were alluded to earlier in this

)

Y

. . : N
5 . o ;
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thesis. To bypass the great uncertalnty assoc1ated with any

single wvalue, several values are selected and used

throughout the analysis. The max&mum value is taken as-10.2

';ypekeent. This implies’ an opportunity cost of capital
v'appreach to diseounting in that the opportunlty cost rate
‘and time preference rate are equal, ahd the?shadow price of
can}tal is one. A" lower bound " rate' -is assumed to be 4
percent. Wirick (1982) uses this rate} in ,comparing. market
returns‘ to social returns from taf’sand deQelopment He
argues that the approprlate rate should be the "average real
interest co&t of forelgn debt financing" (W1r1ck 1982, 552)
.andqbases his choice of 4- percent on empiricalb w?rk;‘by‘
Burgéess (1981). It remains then to chobse‘a medﬁaﬁtrate.
’éurgess,_in the same 1981 article, arriyes’ at an: overail,
social discount rate of 7.0-7.5 percent. For this thesisf a
Do S

median value of 7.5 percent is chosen. ° e

‘3

An additional consideration for project *analysis,;

especially with, regard ‘to discounting, is scheduling. h o a

Y . R

4f

Capital c¢osts for -ICrge project® take place over. several

years and this has implications for the cost of funds. The

il
X

operation phase also includes scheduling parameters such as
project life and operating days per year.
The construction schedule is assumed td follow. the

'expend1ture pattern in the Algas Study.5Comb1n1ng thls with

a .start up date of 1991 leads to the follow1ngryearly

distrlbutlon of expenditures:
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1985 5% "1‘988-:“ 30% &
1986  10% g 36%
1987 _15% ~519 0 . 10%

sk
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‘The project life assumed 1n“the Algas Study is 25 years
along with contlnuous operatlon over 370 ‘days per year. In
addition, the Algas Study suggests a'”phased-ln productlon
scheduie w1th flrst year output at 50 percent of potential
and r151ng from 70 percent to ‘100¢ percent in 10 percent

intervals .over ‘_h folbbw1ng e years Incorporating this

into the estlmatlon procedure proved dlfflcult so it ‘was

dropped Instead : productlon flevelﬂ of 100 percent was

assumed from the onset ThlS 'mould< lead to a slightly

optimistic bias inuresqlts where‘Alggslvalues reflect actual

. . ¥ o
circumstancesy © ¢ -

H:o.

.,’ .f‘ a » . '
L2 3 #
R A 7 '

4.5 Results

bl

-~ In this sectién, anpual required oil price increments
P - . N

¢ ’! - s . ) A A . .
* for "four set’s of design parameters are presented. These are

v

s
,based on several scenarlos for ‘real 011 prlce levels in 1991

' a8 '

.and- alternatlve values for final capltal costs. A dlscu551on‘;

-6f the" flndlngs follows a brlef descrlptlon of ‘the scenarios
. employed ang a’ presentatlon of the results.
4.5.1 Annual Required 0Oil Price Incnements"‘for Alternative

"'1982~91 0il Price Scenarios _

tXSectiOn 4.1 outlined the. reasons for including several

_possibilities for 'both ultimate capital costs andrreal 1991

oil prices. It is the'purpose here to describe in detail the’

W=
i\
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scenarios which arise from these assumptions.

Three-—oil-—price-—scenarios—for—each—of—two—sets of-

3

o

4

capitalAéosts are ptiliied. Capifal costs are .assessed at
both the base level suggested in the Algas -Study and $£ a
level 82 pércent higher, based on the .predicted valuec« for
final costs from the Rdnd cost growth model. Real i994 oil
prices arevassumed to follow from one of three .patterns.
First, a supply shock is assuhed sometime during the
1982-1991 period and leads to a real level 15 percent higher
in 1991 than in 1982. THis roughly corresponds to a real
annual'increase of 2 percent ﬁer 'year' over the 9 year
interim period. Secondkk pricesv are‘ aséumed .tb. remain

épproximaﬁely”constant,in real terms over the “next decade.

/This 'concufs with at’ leaét one vcufrent forecast (EUPC,
1983). Third,fa scenério of fal%ing real 0il prices is
“examined. . This possibility exisés due to recgnt changes in
the yérldjoil market and has been suggested as a distinct
possibility (IMF, 1983). Therefore, a scenario of real Qil‘
prices fé pe;cén%f_%@wérv'in 'f99ﬁ over 1982 1levels is
examined, cofreéponding' to an -annuai decline of about 2
percent over this peﬁfgd. It should be noted that these

séenarios-assume the continued existeﬁce»bf’the OPEC cartel.
An additionai‘consideration stemmiﬁg from varying real

1991 "oil prices is effects on liguefaction costs. The link

o

between international oil prices\Qgg' economic activity in

Alberta has " been discussed at several points thusfar: high

. 0il prices tend to be correlated with high 1levels of
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activity. It has been shown elsewhere that durihg the period

—~mff-—~——o£——tapidly—_@scalé{ing——oi1-prices~wh&chwdharacterized—the
1970’5; | capital and ' operating =~ costs for . large
Aon—conventional eheréy projeéts increased significantly in
real terms (Brandie e al., 1982). Should such a scenario_be
rebéated in " the 1980's, it might-be expected ﬁhat costs
would again increase in real terms. Thus, in line with a 15
percent increase 1in o0il prices, a siﬁilar increase ié
postulated. for real. construction ' costs. This . égain‘
translates to.a 2 percent ﬁér year real annual rate. A
scenario of constant real oil prices is likewise presﬁmed to .
be reflected in. constant 198é~ con§ptuqtion coé;s. The
-falling'real price aiternative may‘_alsg bé .expectéd to
résulﬁj'in falling'.}ealv construction costs. This does not

seem unrealistic'_given' the 1lag inhwrécent const;uction
‘activity: in' Alberta foliéwing a 15 percént dfop by 6PEC‘in~ .

‘early 1983. Real 1982 capital costs under this 1991 price

regihé Care assumed to arop by 15 pefcent by that yéar,

feflectingfan approximate 2. percent aﬁnyal dééréase.
Operating costs are assuméd to move in 1éne wi£h‘bbth

cbnsfructfon costs énd‘éil prices. A. 15 peréeht increase in

6i1_ prices by 1991 is taken to result in operating cost

AN

escalation of .2 percent per year in' real 'te;ﬁs over the
1982-1991 peridd.‘Constant real oil prices are assumed to'bé
associated with cohstant operating costs while falling real

0il prices 6vef the 1982j1991;are préSumed_tokléad to an y
\.' " annual deérease of 2 percent in project bperating costs. It 431'
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is accepted that the potential .cost 'adjustments suggested :
3 5

here—are— somewhat”hypothetlcal and as such are intended only.
to reflect dlrectlons of movement. |

Based‘ on the above- assumptions and the model presented
in sectlon 4.2.1, annual required oil price increments for
-four .sets of design'parameters were calculated. These values
for discount’rates of 4 percent, 7.5 »percent; and ., 10.2
‘percent are presented in.Tablesli;4 and.4—5.- |
4.5.2 Discussion £V ) w

Afhe results indicated in Tables  4-4 and 4-5 can be
analysed from two perspectives. First of all, these figures
give an idea ‘aS<-to “the overall; potential for coal
liquefaction in Alhenta Secondly, the assessmen}'- ' four
'different asets of des1gn\parameters allows a determlnatlon
.of the most profltable approach from the point . of view ‘of:
soc1al valuation., |

It.should be recalled that"annual required increments

in o0il prices .are those' values for'which higher.actual_il

inflation in import " prices will create p051t1ve ‘ net;v-‘

henefits,_ while vlower “values will result 1n net losses
- Values:in.Tables 4-4 andv4-5 céh: be compared to current
expectationS"and past experlence with 011 pr1ce 1nflat10n
in order to determ1ne whether llquefactlon could prov1de a
h,v1ab1e ~means of 1mport substltutlon Based on Table_4f1 and
consumer- price index-data (A% erta Bureau ~of Statistics,.

1982),"the. real average annual rate of change in 1mported R

S
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Table 4-4 Annual Required 0il Price Incremegpgmﬁé%_EQur

10.2% -

. Liquefaction Cases Under Alternative 0Oil Price
and Discount Rate Scengrios - Base Capital
; 5
Discount _Case 1 Case 2 Case 3 Case 4
Rate NS (% change/yr)
Base Capital / Constant Real 0il Price 1982-91
4.0% 2,34 2.12 1.75° .84
7.5% 3.28 - 3.10 2.66 1.58
10.2% 4,15 4,01 . 3.49 2.30
Base Capital / High Real 1991 0il Price A
4.0% " 2.21 1,97 1.60- .69
. 7.5% 3.1 2.91: 2.47° 1.39
10.2% 3.96¢ 3.80 3.30 2,08
Base Capital / Low Real 1991-0il Price
4.0% 2.61 . 2.43 2.06 1.15
7.5% 3.59. .- . 3.46 3.02 o 1.95
10.2% 4.52 4.43 3.94 2.73
7 | »
Table 4-5 Annual Required Oil Price Increments for Four
' Liguefaction Cases Under Alternative Oil Price
and Discount Rate Scenarios - Rand Capital .
_ Discount - ‘Case 1. Case 2 ' Case 3 Case 4
‘Rate (% change/yr) _
Rand Cost Growth < Constanf Real 0il Price 1982-9]
4.0% 5.91 6.09 © 5,73 . 44.84
7.5% 7.35 ' 7J59" 7.19 6.18 -
' 10.2%: 8.63 8§.92 | 8.48 7.39 -
Rand Cost Growth / High Real 1991 0il Price
4.0% 5,78 " 5.96 - 5.60 4.70
7.5% 7.69 - 7.43 7.02 . 6.02
10.2% 8.46 . — 8.74 8.30 7.20
Rand.Cost Growth / ﬂow Real 1991 0il Price. -
SR 6.16 1 6.37 6.01 5,12
- 7.5% - 7.64 7.90 - 7.49 .. 6.50
1 8.95" 18.83 7.75

9.26

) * : N 1,
’
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oil prices over the 1974 to 1981 period was about 10

peroent. This does not  include the dramatic increase froml
,‘1973 ~to 1974. Current forecasts for the 1982 to 2000 period -
project'a relatixely.constant real price to 1996, rising
slightly after that'(EUPC, 1983; IMF, 1983).

For Dbase ‘capital. oosts,' results indicate - the
possibiiity of a viable'liquefaction'industry is7farﬁfrom
~ .remote, no matter which‘prioe scenario is examined;'ﬁor this
set - of capital oosts. the range of reqqired_increments is
fromr.69 percent per year for Case 4'at a-4 percent disoount
rate to: 4.52 peroeht per year forlCase 3 at 10.2 percent.
Reqoired increments are uniformly' Bighest for, the'.10.2

}

percent rate. ano_ lowest . at 4 percent. This agrees with
notions that a oapitalfintensive project will -show less
favorably at higher rates of discount-.NOt sorprisingly, the
'_high price scenario.shows the best prospects and this: ié-
followed by the constant and lower prlce cases. 'The QSe of
real constructlon cost\lnflatlon for the high pr1ce scenarlo'
hand deflatlon for the*low price situation obviously does not
‘- serve to completely offset_rls;ng or fallingﬁ interfm oil
prices. ‘ ,;-, ." o % }

| The Rand cost growth scenario for capltal costs proves'
- less optimistic, .a : should ‘be expected. Values for thls'
case, shown in Table '4-5, are generally 3 to ‘4 percent per\\
year higher than under base capltal assumptlons Despite

thlS, rank1ngs for prlce scenarios and dlscount rates are .

identical to the.base case.
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An inspection of the 'results for the"four different

liquefaction alternatiVes shows that Case 4 consistently

requi éﬁi the lowest necessary annual 0oil price 1ncrement to -

provzze zero'.net beneflts, among ' all price and‘ cost
scenarios. Intra-altérnative results can be viewed most
meaningfully in terms of 'the 'switching" process which s

inherent in the allocatidn of solid residue-and fuel gas to

‘different uses. This can be seen more clearly‘in Table 4-6.
.. . S

. / . i s
The movement from Case 1 to Case 2 represents use of

solid residue for pouer'rather than disposal. Based on the

estimated values under base capital costs (Table 4-4), this

allocation . 1s socially profitable éince ' power from

--liguefaction is produced cheaper’than,the cost of purchases

. G , T :
from the provincial grid For Rand costs (Table 4- 5) . this

ranking 1s reversed since hlgher 1n1t1al capltal costs lead

" to more expen51ve power generatlon at a llquefactlon site.

-

-This, of course, assumes that cost overruns affect the power‘

fcomponent of costs and the rest of capltal costs equally If 

this fwas. not reallstlc, results might be reversed. To test
this, an additionalf'calculation for Case 2 was done
exoluding; power capltal from the Rand cost growth overrun
Using the constant 011 price scenarlo and a »7.5 percent

L3 A Y

discount rate, the estimated 1ncrement for Case 2 was 7.26

'_percent per year compared}to 7.35 percent per year for Case
. ¢

1, conf1rm1ng that a reversal would occur

Cases 2 and 3 prov1de an 1nterest1ng contrast in ‘that

equal amounts of powver and ,hydrogen- are produced .but ..

c T
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' \§6lid Residue  Fuel Gas
Case ld* , | _waste ' hydrogen
Case 2 o | power : hydrogeﬁ
Case 3 » ' oydrogen " power
| Case»4;' - ) hydrogen 'sold

feedstocks'for each are‘switched.‘what is tested then is the
potential net savihgvinvolved,in this’switch. This .caﬁ be
expressed as (PCz— PC, ) - (Hz - 33), where: PCz is present
value power ‘costs for Case 2 u51ng solid residue, :PC3 is
’present Value- power costs for Case 3 using fuel gas, -H; is

present value/hydrogen costs for. Case 2 using natural -gas

and fuel gas, and H; is present value hydrogen oosts for. ,

Case 3 using coal and solid residue.‘ For values of:'thisﬂu'

expression greater than zero. Case 2 w1ll be favored while

values less thah zero favor Case 3. Based on both Tables 4-4
and ‘4-5: it-.appears the‘net sav1ngs involvedfin switching
'r feedstocks favor Case '3 throu§50ut This would become less
’pronounced 1f the export ‘value of natural gas was lower

- Calculatlon of a threshold export pr1ce of natural gas '
which . would equate requlred increments for Cases 2 and,3f
B (base capital,"oonstant .oil _price, 7.5 percent *discount

L

‘rate) results-Iiu } value of $3¢35/MCF (Cdn) or $2. 84/MCF

1]

" (U.S. ). Export prlces greater than t'..s favor Case 3 overv_ '
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Case 4 while for lower ‘prices, the opposite is true. Since
$3.55/MCF is relatively near $3.93/MCF, the 'value assumed in

the analysis, results must be accepted‘as sensitive to the

ll_“lf__mpriee“of_this_parameter.
CaSe 4, as prev1ously mentioned, provides the most
favorable set of de51gn parameters in terms of soc1al prof1t
potential. Implicit in this case is the assumptlon that fuel
gas sales are possible and can free currentlylused natural
gas for exportv sale. .Results for this case «can be
meaningfully contrasted to Case 3 where tuel‘gas is.used for
power generation. |
. Differences Between required 0il price increments for
Cases 3 and 4 can be expressed as (FG, - PC,) - (PB3 - PC;),
where' FGu is the present value of fuel gas sales in Case 4,
,2PCu is the present value costs of‘coal—fired power in Case
4, PB; 1is the present value of power sales lngCase 3, and
PC; is the present,value costs of power in Caseﬁ3.using fuel
.gas{. Where this sum is.positive,Case 4 will dominate Case 3
while a negative value dnplies 'the opposite.. Again .the
sensitive parameter nere is the natural gas export price.
Calculation of . a:‘threshold value which equates, l’E’t.he
above-mentioned sum to zero vields a figure of $1. 67/MCF_
(Cdn) or $1.25/MCF'(H;S.). Prices above this value cause
Case 4 _to dom1nate Case 3. The relatively low . wvalue

indicates a lower sens1t1v1ty to changes in ranklng than is

1nd1cated between Cases 2 and 3.

>
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‘In . summary, ‘liquefaction could provide a reasonable
option to o0il imports in 1991 based on the assumption that

costs outlined in the Algas.study source ,are accurate and

that—pp{ce-andmcost-inf}atien~scenéxi‘s are IIE&TTStTCT”“rf_M_w;_
the Rand vcost.adjustmént results in more meaningful costs,
ligquefaction is uﬁlikely to ﬁresént a viable élterna£e
Source of oil. Hydrogen from gasified coal,‘which allows
fuel gas to displace exportable naturél gas; is the favored
‘liquefaction design over all cost and price scenarios.
Sheuld this option not be workable, hydrogen from coal is
'4still the desired fouté.over natural gas refbrming,where‘oil
and natural gas are priced at their social opportunify
costs. Some results appear sénsit{ve to fhe'nétu;aligas
export brice” which ad&ises some cautioh in  drawing
:conclusions. An alternétivé evaluation with usé of financial
analysig parameters such as taxes ~and mérket pri¢es is

¢

examined for its implications in the next chapter.



5. Financial Analysis of Coal Liquefaction

5.1 Introduction

Potentiai“for~coa&*i{quefaction“usingfa*sociaiﬂ—returhs*“—““—“
perspective was the focus of the preceding chapter.'However,
liquefaction, should it be\undertaken; ‘wculd blikely be a
prlvate ‘pursuit and’this raises additionai questions aside
social returns. Chapter 2 discussed the.“possibie;

from \

1mplléat10ns of market fallure on oil 1mport substitution.

‘Based Ln that analysis, it‘was concluded that distortions in

\
R .
pricing as well as a dlvergence between soc1al and prlvate

discount rates, whether from taxes or dlfferent percept{ons
of risk;' could lead to an 1ncon51stency between the secial
and pri?ateldesirability of liquefaction‘alternatiVes.
Inﬁ.order to test for pOSSible market failure, a
financiadlvanalysis' was performedr"iRelevant' ~accounting
parameters'were incerporated to reflect, where»poss%ble, the
privaFe cTrcumstances -of undertaking coal liduefaction.
Unfcrtunately, 'dUe' to the lack of ekisting liquefactiqn‘
prdjects,:the approach taken must be accepted a's 'somewhats
_hypothetlcal Thls speculatlve aspect is enhanced when it is
r*con51dered that current tar sands progects have been subject
to | unlque financial parameters ‘negotiated on a
project-by- progect basis. ’Ncnetheless}: results from this
'exerc1se should help demonstrate the 51gn1f1cance of market

dlstortlng factors on the prlvate sector' s desires to 1nvest _

‘in-_.-large nonrconventlonal energy projects such as coal

114
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liguefaction. Before presenting therresults, we mill'briefly

_address.the unique elements that must be included as part of

the financial analysis, as well as detailing the ‘algorithm

employed.

5.2 Formulation. : \

A private accounting stance must reflect the marketi

prices faced.by‘a private firm. For llquefactlon this means

-that

market'-values for syncrude, butane, and natural gas

must be used in addlﬁlon to the real eff1c1ency cost. data

presented

in Table 3-5 of chapter 3 Whereas chapter 4 used
R v

the 1mport dlsplacement value of syncrude as the measure of

beneflt

the relevant pr1ce here is conta;ned in the71980

energy pr1c1ng agreement between the Federal and Albertav

governments. This New 011 Reference Pr1ce or NORP 1s assumed

to apply-
following:’

‘The .

as
Specific

'royalties

to products of coal, conversion based on the

o
|

Effective January 1, 1982, a New-0Oil Reference Price
(NORP) will apply to new oil, that is to say,
conventional 'new o0il in Alberta, synthetic oil
(including existing Suncor and. Syncrude production)
and - oil  from Canada Lands. (Memorandum = of
Agreement..., 1981) Ll - K

pricing agreement -is also’ " responsible - for

regulating‘the domestic’natural»gas price.

[

‘Taxes represent a”legitimate‘cost to private firms. and

‘they are> 1ncluded in  the’ financial' analysis.

con51deratlons are: corporate ,income taxes,

and a capltal cost allowance. For purposes here,f

llquefactlon is assumed t0~ be é. manufacturlng- act1V1ty
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'faJing'standard tax and allowable depreciation rates for

such endeavors. Brandie et al. (1982) take a similar

approach in their analysis of a- hypothetical tar. sands

project. ‘

Royalty payments represent SOme d1ff1culty due to the

s1ngular nature of‘ coal llquefactlon. Tar sands pro;ects;

\

constructed thusfar face elther as gross revenue or

vprofit-sharﬂng royalty based on the status of bitumen as a;i'

form oﬁ-petroleum feedstock which is extracted and upgraded
quuefactlon, on the other-hand, entails conversion of coal,
which faces its own royalty schedule,'into~a petroleum—like

substance which as a subst1tute for oil mlght also require

'royalty payments. For purposes here, it is .assumed -that a. .

~

.royalty is pa1d only on coal. This 1s.3ust1fied in_two ways

First, payment of double royalties would not seem in keeplng

witht‘the theory of extractlng rents from "in 51tu mlneral”

”resourcés nor does it seem falr. Second the government coal

pollcy states that a royalty is. payable "as ‘a percent of thed

quantlty of coal used or marketed or in dollars as a percent

' of the deemed value of the coal used or the revenue recelved'

from 3the' coal»_marketed. '(Alberta' Energy and ; Natural

Résdurces; v1976 '10): ThlS suggests that 1t is the raw - coal
wh1ch 1s subject to the royalty It is understood that therei

1s little precedence for: resolv1ng thlS 1ssue and that other

approaches could be justlfled

Taxes were recognlzed 1n chapter 2 as belng one reason-

for ‘a d1vergence between pr1vate and soc1al discount rates,
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Other possibilities such as differing perceptions of ‘risk
were also mentioned tb explaln high de51red after—tax‘

0 4
returns on 1nvestments in non- conventlonal energy. Allowance

for hlgher prlvate rates of return: based on 100 percent
domestlc equity f1nanc1ng is 1ncluded here to test. their
impacts on the private prof1tab111ty of llquefactlon A
value approximating the desired rate for the Alsands project
is used as. a. base value_'With_ severalj variations,vfor‘
sensitivlty»purposes.. : | |

Rents -from carbon dioxide. are\'assumed to accrue to
operators of tertjary recovery projects ‘follOWing the
approach: taken by/Prince (19800 Where this gas 'is in short

supply, producers of carbon ledee may be able to extractf

some share of this and supplement thelr revenue ‘stream.

Opportunlty costs of coal are also not exp11c1tly

iaccounted for prlvately although cases may ex1st where the'
. owner of r1ghts to a coal dep051t may have »the-.optlon hof

;conver51on or power generatlon -In th1s c1rcumstance the -

soc1a1 opportun1ty cost would be ‘ 1nternallzed' and this

would be- reflected 1n des1red returns from a coal conver51on

tPIOJECt-

In: order - to ’1ncorporate the con51deratlons dlscussedv_

above' an algorlthm' developed by Kalymon (1979) for‘
;’asse551ng net revenue of large energy prOJects was utlllzed'
- _This equatlon mod1f1ed for appllcatlon to llquefactlon :isf

'represented as follows-
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Y

. m - L
b = Z(P,Q/'+P,Q, +Pka)(1+a)'(1- /(1+1)' | |
- [1-0/i+d)] T a x/(1+1>"*"— £ C+R) (1=0)/(1+1) "

where: & = net present value of proj ¢t in 1982 dollars
- P, = domestic pri¢ce of syncrude
Q: = annual produttion of syncrude
-Pj = price of Butane product
Q; =,annual production of Butane product
Bn = domestic price of natural gas
Qw = annual purchases or sales of natural gas
equivalent .
'K = capital cost in- constant dollars
OC = annual operating cost
R = annual coal royalty
a = annual real increase in domestic oil prlces
A = corporate income tax rate '
d = capital cost allowance rate
m = project.life
W = construcfion period :
Na, = proportlon of cap1tal cost occurrlng in. year n
1 ‘:

real after tax rate of return:
Thlsvequatlon d1ffers from the formulatlon used 1n chapter 4
w1th -the‘-lnclu51on_4of. taxes, capltal _cost allowance, a
royalty‘on coal, and domestlc prlces applled to syncrude and
'enatural gas It also excludes the adjustment factor applled
pto capltal costs whlch reflected a -dlvergence ~between the‘
]soc1al tlme preference‘fand ’opportunlty cost of capltalf

'rates Interest durlng constructlon is’ accumulated over - the‘;
constructlon perlod s1m11arly to chapter r4 but.rat the:

:'requ1red real after tax rate of return rather thanv at,pthe
soc1al d1scount rate <Tne ‘term kd/1+d : multlplylng the
~.present value of capltal costs represents a - "tax‘ shield"
‘g(Kalymon 19789, 3) in that speeded up deprec1at10n defersl
:1ncome taxes and results in a\hlgher present value of net;

-
#



revenue.
As ~in 'chapter "4, the approach taken here is to

.calculate a required annual increment in. oil prlces which

‘results. in a zero present value of net revenues. In this
"~ chapter, however, 1t is not a requ1red rate of change in the
world oil price,we are calculating since we are pricing at

P .
domestic levels. What is measured here ‘instead is the annual

v

‘required increase 'ln.these latter values. Since we wish to

eStfmate the'regulred annual increase in beneflts in both
'-cases,f whether or not domestlc prices change in tandem with
'h;world'oll prices is 1rrelevant It does not seem implausible

‘thOUgh that domestic pr1ces, although not pegged at world

lévels, wlll at least move in approxlmately the same way._

.5.3'Parameter‘Values | : ‘,A" S

| Estimationdof ‘parameter values to‘ be used in:athef"
f1nanc1al analy51s involves determlnlng prlces for syncrude,
%utane, and natural‘ gas, and .rates- of return hwtaxesl»
(1nclud1ng 1-royalt1es) d and ',capltal cost" allowance.;

. , . ' < _
COnstructlon‘ and‘ operatlng schedules - 1mplemented -are

1dent1cal to those outllned in sectlon 4“3_3

- \~‘

The NORP applled to syncrude is based on.a January‘»to
March 1982 average 1mport ce111ng prlce adjusted for quallty‘
d1fferences, -a per‘ the 1981 pr1c1ng Z agreement' andl
."netted—back ‘to} Alb;rta f'This follows a 51m11ar procedurev
employed in the prev1ous chapter. The calculated value is,

shown 1in <Table» 5-1. The‘ market price‘éfor syncrude of
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Table 5-1 Net-Back Market Price of Syncrude
. . .

Product . tValues<($/bbl) »  Comments

- NORP $41.30 -38° API, 5% sulfur at

' : " ' Montreal, January-March,
. +1982 average, :
ol - (Kosegi, pers. comm.)

’

- 1.79 Quality adjustment to 29.5°
API, 0% sulfur based on 1981
Priging‘Agreement. :

o= 1,21 _Transportation charges
' - Edmonton to Montreal. (see
Table 4- 2) o
- Syncrude - . $38.30 >' '_Net back Alberta price for

. 29.5° API, 0% sulfur.

T ¢

$38. 30/b515-is »aporoximately; $3/bbl~;lees ~than the'impOrt.
; d}splacement value of $41. 26/bbl This ie in)part explalned“
| gaC\ that .adjustmentv factors based on OPEC prlce.
d1fferent1als amounted to 10 3¢/ API and 94¢/1% sulfur whlle
 factors 1ncluded 1n the 1981 Pr1c1ng Agreement were 22¢/ API
and $1. 65/1% sulfur.'v | ‘ _. |
_The' pr1ce for butane is taken“af/$28 55/bbl eqUal~to
" the value used. in’ ‘the social. evaluatlon | '
v "For, natural gas, the m1d 1982 domeetic prlce“offJ
%2, O4/MCF or $72 01/M m® is used’ (EMR 19835. This compareeV
itOA an export ‘value employed -in the previous chapter ofd
§35§3/MCF‘or.$138574/M_ m®, which is 'roughiy double the -
dOmeStinbfice?t_‘ﬁ= s . Lo o
6utputs'and inputsiofdsyncrude,'butanei and}naturaligae

4 N . i : . .V . . r.. J .
for.  the  financial analysis are “identical to  volumes.

L
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1nd1cated in Table 3-5 and used in chapter 4. Based on the

above prices and the stated annual volumes,“f1rst year total'

valuesm~are__shown_~1n,TableMa_Zb It should'be recalled that .

-

these values are expected to rise annually in real termS' at

rate a. |
‘Corporate income = tax rates fincluded‘qare‘.those for

siﬁilar 1ndustr1al enterprlses. A‘vnet‘federal‘rate of 36r

percent and a -prov1nc1al rate of ‘11 percent ~are ‘used.

‘(Statlstlcs. Canada,' 1983b) . Income taxes are. assumed to be

calculated on net income net of royaltles Although thlS has

not been 'the‘ case s1nce ;1974 subsequent prov1nc1al tax

.,measures have attempted to restore corporate taxes, as ‘a

;proport1onv of = net .1ncome, to pre 1974 levels. The capltal.

cOSt‘allowance' isf taken'~here-‘as 20 percent follow1ng

-Brandie 'ettialg (1982) Coal royaltles were determlned as 5

percent of the gross revenue requ1rements for ,1ndependently

operatlng mlnes equ1valent in - size to those used in the .

' analy51s (Alberta Energy and Natural Resources,p 1976);

'representlng a broad. range are used he’ base or. median,E"

‘Royalty calculatlons are: presented in’ Append1x 1. j*f

The rema1n1ng parameter to be spec1f1ed is the requlred -

[after tax rate of return wh1ch is u$ed as. the dlscount rateg
'(51nce taxes are netted out) As in. the soc1al evaluat1on,‘

‘no -1s1ngle : value is ‘employed rather, _three values,

value /isl taken to be 10.2 percent Th1s roughly equals thej

vdeSired rate .of"10 5 percent 'for-'th Alsands Progect

- (Mariash, pers;_comm.) ‘A lower bound rate: of 7.5 percent is

¢



'Table‘5—2 Flrst Year Market Values for Net Hydrocarbon
: Output ($ MM 1982) : .

,yCase“1?WM'77Case 2 - Case 3. Case 4
Syncrude 722,06 . 722.06. . 722.06 722.06

. ‘Butane C11.22 0 1,22 11.22 11.22.
Natural Gas -131.49 -131.49 - 82.24
Total =~ 601.79 601.79 733.28 815,52

. used, based on Brandle et al.,.who state that - 1t is "typical
of trad1t10nal rates- of return in Canadlan industry".
.“(Brandle et‘al., l§82 159). For an upper bound 15bpercent
1115 suggested by Feick and McConaghy (1976) in' their analysls -

. of" the prlvate costs’ of varlous hydrocarbon energy sources.'

Do

~
5.4 Resu1tsd | |
" écenarios'ﬂ employed ln‘jthef f1nanc1al analysls’ are
1dent1cal to those descrlbed 1n Sectlon 4 4.1 and used in
ftned soc1al evaluat1on Brlefly,:these 1nvolve three sets of
‘real 1991 0il prlces' a constant real 1982- oil .prlce-°andp
var1at10ns ¢f- plus and m1nus 15 percgpt Constructlon,and
‘operat1ng costs are also assumed ;to; be constant uin - real
:iterms? or 1ncrease by plus or minus 15 percent - in line with
.011 prlces.,Addltlonally, a h1gh cap1tal cost scenarlo at 82;'
‘percent ‘above base costs is examlned This follows from the
Rand Cost growth study and is. 1ntended to- reﬁlect' posslblel‘

. .
_over runs- Vnot’.lapparent “in  the earlyv stages . of -cost
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estimation,

Results for the financial analysis are indicated in .~

 assessment appears -less optimistic than results in the

previous chapter. The range of required increments for the

base capital scenario is 1,77 percent ‘per - year to, 12.63
.percent per year compared to l69 percent‘per year to 4,52
-percent per year for.the social eyaluation. The 'ranking_ of
‘.price scenariocs by required-increments ls identical.to.the
soc1a& case, the hlgh oil prlce scenario prov1des the lowest,
1ncrements, .the constant oil price scenario is second and
~the 'low o0il prlce scenarlo shows the h\ghest requ1red pr1ce

changes. ‘For dlscount rates, 1t would be expected that lower

rates would produce more favorable results -due. to the"

domlnatlng 1nfluence of capltal costs and this is indeed the
.vcase here. The Rand cost growth scenarlo- produces‘l51m11ar
-ranklngs. by prlcei scenarlo and‘discount‘rate to the base
lcap1tal case except that values are generally 4 to 5. percent
| per. year hlgher.‘Increments for Rand costs range from 6.28
percent per year to a. very large' 16 97 percent per year.
‘ThlS compares to- range 1n chapter 4 of 4 7 percent per
year to 9. 26 percent per year.' o |

Results for 1nd1V1dual llquefactlon alternatlves reveal

vdlfferent rank1ngs in the f1nanc1al analy51s *inf compar;son‘

to results 1n the prev1ous chapter In-addltlon,“whereas“the
. o — .
'ranklng of alternat1ves under a soc1al valuatlon//of inputs

'and outputs ‘was constant throughout' this 1s 562 always true

o

Tablesf%S43~4andf;s*479—The**overall;showing“for*the“prlvafe
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.- .Table 5-3 ‘Annual Required 0il Price" Increments for Four

e ’ T Liquefaction Cases Under Alférnative Oil Price
‘ . and Discount Rate Scenarios - Base Capital

Discount  Case 1 ~ Case 2 Case 3 Case 4
Rate (% change/yr)

' Base Capltal / Constant Real 011 Price 198p-~ 91

7.5% 2.16 . '1.97  3.38 . 3,11
10.2% . .5.08 .5.18 6.52 6515
15.0% . 10.59 BRI 12,25 11.77

\ Base Capltal / High Real 1991 011 Prlce '
U 7.5% . 99 1.77 3,21 2.94
10.2% 4 89 4,97 . 6.33 5.96

0% . - 10.15 10.55 11.82 . 11.34
-'Base Capltal / Low Real 1991 0il Price » .
2,49 . .. . 2,34 3,73 3.44
5.45 '5.59 - 6.90 - 6.52
10.99 11,42 12.63 12.15
" | =

. : ' o ' o : 4 -

Table 5-4 Annual Required 0Oil Price Increments for Four
- Liguefaction Cases Under Alternatlve 0Oil.Price:

and DlSCOUﬂt Rate_ Scenarios - Rand Capital -

DiScount . Case. 1 - Case 2 . Case 3 - Case &
Rate g ‘ ~ (% change/yr) :

-,.Rénd Cosf Grpwtﬁ‘/ Constant Réal Oil Price 1982—91

\

~7.5%. 6.43 6.68 ' S 7074 7,37
10.2% .~~~ 9,54 - 9,94 - 10.95 - ' 10.53

15.0% - 15,16 15.70 - 16.65 ' 16.19

‘ RahdhCosﬁ Growth / ngh Real 1991 OilvPriqe‘

7.5% - 6.28.  6.52 7.8 7.22
10.2% 5137, 9.76 10.78 ~  10.37

15.0%"  14.80 15.33  16.29 - 15.83
' Rahd Cost Growth / Low Real 1991 Oil Price.
7.5% ~ 6.73  7.00 - 8.05 7.67

10.2% . '9.86. . 10.27 c11.27 10.85
15.0%  15.50 ©  16.04 - 16,37 16.51 »

-
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here. For base capital costs, the alternative providing the
~lowest_ required price increment changes from Case 1 to Case

2 as the rate of return increases from 7.5 percent to 10.2

percent. This is a result of the‘“higher required ‘return
putting power generation in Case‘ 2 at a - disadvantage
'relativeoto purchase prices from the provihcial grid. In the
Rand ‘cost scenario, Case 1 dominates Case 2 throughout,
again due to a reiativegcost disadvantage | Clearly from a
private perspective, no',matter whlch dlscount rate or
‘capitai cost is used ‘the preferred 'route for 'hydrogen.
' productlon is steam reform1ng of natural gas.
ComparlngJCasesiZ and 3, we find the ranking reversed
from  the previous'chapter.‘The‘lower natural ; priceﬁhere
lees Case 2 the relatlve cost advantage in a:§§i;ing’solid
resrdué ‘to‘ power generation and fuel Jgas to hydrogen
':manufaéture.-Case 4, as inﬂ/the 'social evaluation, still
reQuires a Vlower annual increment for a zero present value
of net revenue than. Case 3, despite the lowerv market value'
of fuel gas sold. e S | | |
: In summary, annual required oil pr1ce 1ncrements for' a’
,f1nanc1al vor. prlvate analy51s are somewhat hlgher than for
‘the soc1al perspectlve. The ranklng of alternatives _is' not
con51stent and differs markedly from the;prev1;us chapter s
kresults. For a prlvate f1rm, the preferred route to produce
'hydrogen %s reform;ng‘ og natural,gas.‘The,desirability:ofv

power purchases as. compared to on-site co- generat10n> of

power ang” steam dlffers with the requ1red rate of return
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favoring the latter at the 7.5 percent discount rate only.

7]



6. Implications of the Analysis

6.1 Introduction . ' o

‘Results from the previous ~ chapter indicate the

7existence of a, divergence between the public and private

A

incentives to pursue coal liquefaction. The case  for this

-

market .failure rests on differing specifications for prices
"and discount rates.. This chapter seeks to ‘identify the

relative roles of prices ‘and discount rates in c¢reating

market failure, as well as to discuss the _social cost and

-policy implications of the existence - of market‘failure.,

Under this latter category aré-a number of con51deratlons'

“the magnitude of soc1al losses from either refra1n1ng from

developlng coal llquefactlon or ’from a wrong ch01ce ‘of -

.process de51gn, 1mp11cat10ns for research and development
the  role of cost overruns, and 'thei- 1mp11cat10ns _.of
alternative’financing schemes.
6 2 The Casb For Market Fa1lure

Bator' defines market fallure Js "the fallure of a more

or less 1deallzed system ‘of‘ price- markety 1nst;tut10ns to.

v

sustaln_ ’deslrable ' actlvities or. to‘estop'“undesirablel'

mactivities" (Bator, 1958, 352). Based on thlS deflnltlon, it

’appears that market‘~failure_ may. exist in the,market fqr

non- conventlonal energy technologles, coal liquefaCtionv in -

‘particular. - ThlS ,market fallure would be manlfested 1n ‘two

ways. First, prlvate net returns from coal conver51on appear

| - | '
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to be. lower than social net returns. This is reflected in~
higher annual required increments in the price of oil = for

thermprivatﬁmqasel_mhis_leads_to_the_obseryation_thatfa~coal_~smmw—-

liguefaction project could provide p051t1ve_ net social
benefits yet not be undertaken by a prlvate f1rm ‘Second a
'private f1rm,w1sh1ng to mlnlmlze the - annual increase in'
revenues necessary to -break eQentyould not make a.choice
from the'.four'lalternatives- examined .which would be
consistent with the social optimum, : o |
| The presence'of tbese inconsistencies in the-‘analysis'
arises from dlfferences between spec1f1ed 011 and gas prices
and from dltferences between spec1f1ed d1scount rates.
lsolating ‘the dlfferentlal 1mpacts of pricing and -discount
‘rates is dlfflCUlt : sxnce the ~ alternative  model .
‘spec1f1cat10ns ‘are ‘not vstr1ctly comparable' the financiali
analy51s requ1res after-tax cash flows whlle‘ the social
evaluatlon isv presented gross of tax. One solutlon to thls
problem mlght have been to use a pre- tax rate of return for
the- f1nanc1al analy51s._Sugden and W1lllams p01nt out: | |
A f1rm ‘that’ appralses 'prOJects by applylng _alj:
discount rate of 6% ‘to their net- of- tax outlays and
recelpts, when profits are taxed at a rate of 50%;
‘is behav1ng as if it were conducting a cost-benefit
analysis ‘using. a  social .discount rate of 12%.
~ (sugden and - Wllllams, 1978, S 212) I :
:.Unfortunately, this approach must be rejected since,'it'/isn
-aafter tax ?eturnskn which' . motlvate private investnent e
”beba?ior.‘ | | ” | |
‘:An, alternatlve approach is_ proposed whereby'social"

prlces‘for 011 and natural gas are employed in the: f1nanc1al

!
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anaIYSis model. . This facilitates cdmparison of the  two
pricing alternatives as well as identification of .the;d
M;;__m?___disparate_impact_ofmhigherwdiscountwratesT~éesu1ts¥uof—_this4-%—~~w—
undertaking; based- on the scenarlos used prev1ously, are
" presented in Tables 6-1 and 6-2. |
' Examlnatlon of. the requ1red 011 price 1ncrements 1n :
Tables 6 1 and 6-2 reveals that values for Cases 1 and ‘2,.
' where hydrogen is produced from natural gas, are hlgher andv
.values for Cases 3 and. 4 where ‘coal is ga51f1ed to produce
hydrogen are lower than those indicated where market prlces *
were used (Tables 5 3 and 5-4)., In fact, requ1red 011 price
1ncrements‘:for Case 4 are suff1c1ently ‘lower to make thlS
alternatlve the preferred ch01ce"in each - scenarlo. Thls

v,

would be con51stent with the optlmal soc1alﬁch01ce 1nd1cated
1n»chapter 4. Tables 6-1 and 6-2 also shof that requ1red 011
" price increments.iforv the preferred Case ! alternatlve are
much. hlgher in magnltude than 1ncrements for’ Case 4 -in  the
soc1al evaluatlon. Increments ,here" rejlmuch ,closer ih
magnltude to those for. the - preferred Case e'tron. the_b
f1nanc1al analy51s of the prev1ous chapter V |
"From'-th _ above obserVatlons we - can '}afaw d_two . C
' Vconclusrons.' Slnce. the preferred alternative_ using‘ ‘he
f1nanc1a1 analys1s model sw1tches to the preferred soc1al
ch01ce kwhere soc1al rather than market prlces are used, E
is ev1dent that pr1c1ng dlstortlons would be respon51ble for

an '1nappropr1ate de51gnjm1x‘vselectlon by a pr;vatefflrm.

Discount. rates, ‘however, have not- been. adjusted from

Ca
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Table 6- 1 Annual Requ1red 011 Price Increments For F1nanc1al_

Analysis With’ Social Prices Under Alternatlve 0il
Prlce and DlSCOUﬂt Rate Scenarlos - Base Capltal

'Base Capltal /. Low Real 1991 Oil_Price‘

Discount 'Case 1 . "Case 2 ..  case 3 Case-4 =

‘Rate o = (% change/yr)

Base Capltal / Constant Real 0il Price 1982 91

7.5% . 3.3 308 2.67 .60 N
10.2% 6.22 " 6.31 5.83 - 4.67 |
15.0%  11.69 © . 12.09 . 11.59. - ° 10.35
Q,Base Capital / High Real 1991 0il Price
255 L. 3.5 2.9 2.9 T.42
10.2%  6.03 | 6.11 5.63 . 4.46

15>0%. SR 28 . 11,65 B 11,14 .+ .9.89"

7.5% . 3.62 3.48 3,03 1.97

10.2% . 6.57- . 6,70 L 6,22 5,07

15.0%° 12,07 - 12.48 - - 11.99 . 10.77"

_- ». . . . . - . . ) . ) .. :{.v . i : ) . .
~ Table 6-2 Annual Required Oil Price Increments For Financial

Analysis With Social Prices Under Alternative Oil
Pr1ce and DlSCOUﬂt ‘Rate. ‘Scenarios - Rand Capital -

DlSCOUﬂt ' Case 1: - ‘Case 2 Case 3. Case 4
Rate : . ‘,“ (% change/yr) - o

_Rand Cost Growth / Constant Real 011 Price’ 1982 91

7.8% . 7.35 .0 789 . .18" o lelis

0 10.2%. 1-"10'44. .710.82 10,40 7 9:36

15.0% - -16. 03 4"'16 54 ;7‘ 16. 37 ."' 15.07 =

u‘RanaiCost Growth / ngh Real 1991 011 Pr1ce

7.5% ‘_.7.21‘ . .7.43,»f”f ST, 02'_5 . 6.69

10.2% : ‘10t28 o 10;65' . 10 23 . .79.,19
1504, 15.68 . 46.19 15176 14l68
Randfcost Growth /- Low Real 1991 011 Pr1cea | '
S 7.s% 7.6 7.80 7.9 . 649
10.2% -~ .10.75 . 11.14  ¥0.73 .9.70
"15.0% . 16.35 ‘16;87gﬂ3 . 16.45 . 15 41

-
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finanCial'analysiS’specifications and requ1red incremehts

for the preferred case, although it has sw1tched have also

-—mwﬂ;"-;“rema1ned relatlvely‘h1gh in magn1tude This ,suggests that
the hlgher prlvatel ‘discount rates 1vould haffect»whether
llquefactlon would be undertaken at all, even'though»'social.'
prof1ts -may bev»forthcom1ng.-'Thus, we hmay'conclude'that‘
dlscount rate d1fferences whether actually representlng a
d1stortlon or not, would serve to dampen the overall rate’ of
commerc1allzat1on of a non- conventlonal energy technology"
such as coal llquefactlon |

“"6 3 The Impl1cat10ns of Market Fa1lure
\If it is thé case that market 1ncent1ves.to pursue coalg
.llquefactlon (or other non conventlonal energy sources) | re

,'1nappropr1ate, and thls appears llkely,’thls may have soc1al

cost and pollcy‘lmpllcatlons ThlS is espec1ally true with -

©

regard to non conventlonal energy as a result of the lengthy.u;.

and costly research _ development andv commerc;alrzat1on

phase ' wh1ch precedes ﬂoperatlon',ofl'av"facilityh” Earlydi»

1

commlttment to a vpartlcular technology and 1nput mix 4is' 'e

.:v1rtually 1rrever51ble once pro;ect development 1s underways,
ThlS dlscu§51on would appear academlc except that there'

lis 'some ‘reason to belleve that the process of development
has already been 1n1t1ated { Although 1mmed1ate plans'lfor“

constructlon fofpfah llquefactlon 1ndustry are not apparent

the fundlng of research such as. the Algas study,’as part of,-

'ah on901ng phased process,» suggests the p9551b111ty of
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‘actlon in the . future.yf"

Imp11c1t in-the Algas study is the choice ’of' natural‘

gas‘ as ‘a H d ogen ‘feedstock and on-site generatlon as-a
’PoWer source. Based on~ the- ev1dence presented .in -thls:'
"thesisyh this approach to llquefactlon may’ not represent thei
" most de51rable route from Aat soc1al perspectlve." ThlS
;argument of course, assumes that llquefactlon w1ll meet thee
necessary market requ1rements and that a prlvate. flrmv‘w1ll
n"be ’w1111ng undertake .i £ Agaln the results presented'
here suggest that these returns fmay ' t' be:.forthcomlng, ?
'-desplte' 3an j1nd1cat10n ”of potentlally adequate vsoc1alf
returns We areleft then w1th a 51tuatlon where1n a prlvate::

,aafirm llkely \would not construct a llquefactlon plant even'

\
~

‘_'though 1t may heysoc1ally jUStlfled to do S0, and that even

1f 1t d1d 1t would select a suboptlmal de51gn or 1nput mlx‘

The above observatlons' would seem to'.lndlcate the»“ua

Up0551b111ty of soc1al 1055es.‘.But what would constltute’

these‘losses: and how 151gn1f1cant would these be? Some-*

931n51ght is prov1ded in Flgure 6—1 Here, soc1a1 returns from N

~11quefactlon are plotted agalnst a range of averageilannualﬂ
real 1ncreases in .the__world. oii; prlce‘ whichﬂ-midht'be

;forecastvto occur“over the project llfe Three ,51tuat10ns*

'*regardlng commerc1allzatlon of llquefactlon are env1saged in

7f‘Flgure 6- 1- constructlon_ off“the‘ Case 2‘ prOJect' asdftheﬂg'
1pr1vately—preferred undertaklng, constructlon - of ifthe

S soc1ally opt1ma1 Case 4 prOJect and no’ progect constructed

/! -

at all the -contlnued 1mportat10n‘case agalnst_whichfthe'ur“
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.-other‘two.projects are asSessed; Soc1al returns,'measured by

project:unet'gpresent values,n were calculated us;ng_base
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|
B

capital soc1al prlces, the cdnstant 1982 -91 real oil price
'scenarlo; and a: 7 5 percent dlSCOUﬂt rate. | o |

The Case 2 prOJect 1s taken as the prlvate prOJect to
"be con51dered since 1t represents the 1nput mix selected for
'further examlnatlon in the Algas~ study, and thus it is

assumed to be the ch01ce of a pr1vate flrm under a reglme of

market prlces. Desplte thlS, 'Case 2 is'fnotl the uh1ghest

return ch01ce accordlng to: rate of return'information in the.

.Algas.study,-whlch 1s,con51stent.w;th the‘ findings ,in_'the

‘previousfchapter It is possible that'the prospect of- s1mply

%throw1ng away “the by Product re51due% whlch occurs in 'thei'

preferred Case 1 scenar1o, was. expected 'tOj‘meet_fwith

hregulatory dlsapproval',bfrom a'm.resource utilization =

”,v1ewp01nt S RIS

Soc1al losses will - be expected ‘top‘accrue 'lf' the'

’preferred course of‘ actlon at forecast prlce 1nflat10n 1s

”not pursued as a result of market fallure The magnltude . of

‘~fthese' soc1al losses‘vath each rate . ofr prlce change w1ll

cons1st of the dlfference between net present values for the

-:chosen route and . the opt1mal route_'at »that‘ level _of'
1nflatlon A, perusal ~of F1gure‘.641w,1nd1cates that thé?

'preferred route',w1ll change at the breakeven value for the~

'ffCase 4 pro;ect At forecast pr1ce 1nflat1on lower than thlS

value, contlnued 1mportat10n 1s optlmal whereas at forecast

.‘rates above the breakeven po1nt the'Case;4 pro;ectgbshould
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W1th the above observatlons in- m1nd social-loss.values
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'iari51ngrfrom selected‘ranges_of,forecast.pricefinflationlcanﬁ.
be ~determined:; If, for -example, forecast price inflation

were in the order of 2 percent per 'year;, ~and eéxcessive .

'-private .return requirements. prevent construction of a

llquefactlon plant the present value of soc1al losses would

total approxlmately $750 ‘MM.“If' forecast 1nflatlon were.

'closer to 4 percent and prlvate 1nterests pursued the»_Case

pro;ect rather than Mth Case 4 prOJect ~social losses

would be approx1mately $2 75 bllllon. ‘An -1nterest1ng ﬁ‘ nd

‘perhaps morep:reallstlc. scenarlo would be a forecast pr1ce

' yinflation. ratef of 2.'percent _w1th suff1c1ent sub51d1es

avallable (of ‘a non correctlve nature) to 1nduce prlvatel
'vundertaklng of the Case 2 pro;ect Here, losses would total'

'__the $750 MM c1ted above plus another $1 b1lllon, the amount

'mSOClal costs for the chosen pr1vate progect would exceed ‘the

"cost of contlnued 1mportat10n.

.3,AnY:C9n¢lu51ons-“arrlved at concernlng ithe, p0551blel;
l-attractiveness;'ofhjCOal. converslon must be - tempered by twoh‘*
obsérvations' iFirst: potentlal cost overruns could _jbel'
;psiénificant As. Table 4 5 1nd1cated purSU1t of llquefact1on
as an 1mport alternatlve where Rand cost condltlons applyff
4may result.-1n-large~5001al-losses Research geared towards:'
clarlfylng cost relatlonshlps may help av01d hls d1lemna.f

flsUnfortunately, .he price of thls_ 'learnlng -may entall.

?actual ‘ constructiOn.'.of- a demonstratlon ‘ 0r7 : full
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commercial-size 'plant. Second, - it - has been"faSSumed>

throughout .‘the~ 'analysis that forecasts of oi l. pr1ce

"1nflatlon, upon whlch a decision to construct a. llquefactlon
4-plant ‘*may ';he v based w1ll accurately predlct actual
'~c1rcumstances dur1ng prOJedt goperatlon. ‘If forecasts.eare
exce551vely optlmlstrc, social loSSesvmaygbe-incurred from
constructlon_of a liquefaction _plant fdue to._the’ hlghly.
‘capltal intensive nature: of the 1nvestment | |

The‘ cost ‘overrun problem 'may_' also " have ~policy

implications.‘ Mention ‘was made in chapter 2 of the loss of

learnlng effects externalltles where rap1d development of a

'newf technology prevents 1ncorporat1on of thIS learnlng 1ntot‘

' successive plants. Should ,world oilf market C1rcumstances -

faVor' importv SUbStltUthﬂ, pollcy makers would be wise to..“

“o

avofd_the'ssoclal ‘losses that occurred from such hastyf
deployment ingthe"nuclear power industryrj | | e
| Additional'himplications arise  from the- naturev;pof'
financing of the llquefactlon alternatlves examlned F1rst.
jlt was assumed that a: llquefa?tlon pro;ect would - be
rfprlvateﬂ undertak1ng The result  of Ehls assumptlon was the
cch01ce of an opportunlty cost prlce of capltal in 'the -10°
»percent range Should a llquefactlon ,prOJectv he.eltherf
| public_hor publlcly sponsored a : lower‘. dlscount rate
‘Fapprox1mat1ng the SOClal time preference rate could be f
applled to capltal as well as net. returns. ThlS approach was
adopted by Wirick ‘in his evaluatlon of the soc1al productlon

costs. of syncrude from tar sands (W1r1ck, 1982).; For the
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'llquefactlon case, use of a 4 percent rate applled to ‘-both

capltal and_’netf:returns and the constant_J991_01laprLCe

scenario shows a required annual oilv prrce .1ncrement ‘of
.—~2.66 percent for 'Case*‘4; nEven if we assume Rand cost

conditions to be-true,,the Case~‘4 alternatlve,'~under the

vsame assumptlons, shows a requ1red 1ncrement of 1. 4 1 percent

‘iper year. Obv1ously, a publlc sector llquefactlon project:
. could be feasrble under most 1mag1nable cost and oil pr1ce
assumptions. | '.d

It was also assumed ‘in:vthe analy51s that domestlc

'capltal markets would prov1de the funds for - a 11quefact1on;

”faC1lltY- AS‘WaS pointed out 1nbsect10n 2.5.3, this may not .

necessarlly occur and in fact, has - not been the ‘casev
hlstorlcally fo large ehergy progects.:It is certaln, for_'
_example, that equlty part1c1pants 1n Syncrude,;faS' Canadlan
'sub51d1ar1es, tapped thelr' Amerlcan- parent companles for
ffunds,f App1y1ng d soc1al beneflt ~cost analy51s.umto - a
foreign4financed energy progect however entails,a\numberr.

of adjustments to. the accountlng framework

‘Since ‘it is probable that forelgn funds 1nvested in ah“\

. domestlc pro;ect would not have been employed in Canada -had
they not been_‘ used to: f;nance ‘the pr_o:e,c_ta_urider'~
“conSideratdon‘ fthelr opportunity cost to'nthe 'domestic
,economyd is jZero (L1tthe and M1rrlees, 1974) The after—taxe~
’return generated by thlS 1nvestment however does represent’~
‘a” real cost to ‘the host country. thtle and errlees p01nt
out* "If 1t is all remltted abroad at once,»1t naturally all

.. ’



138

counts as cQst: these remittances are the cost of foreign

investment, and the. guestion_ is. whethertsoc1aluretunnswtoA.“~7;lum

the country justify that cost " (thtle and errlees, 1974,
197-198) . | | -

The 'sOCial returns' generated by a forelgn investment
S ' o e
“are not , so obv1ous, but once: aga1n Little and errlees are

f helpful: B A,

wee in the case of the simplest foreign investment’
- (n6"local participation-and all profits remitted),
ignoring unquantifiable externalltles,i the soc1al
profits of the host country in any year consists~ of
. (a) the direct tax paid, plus (b) the accountlng
- value  of the output minus the actual recelpts, "plus
(c) the 'actual value of its expendituré minus the

accounting . value. (thtle and Nlrrlees . 1974,
127-128) . - S
.Benefit (b) _described. above represents the social = ‘net

present value of ‘the progect in a conventlonal sense, for.

;the llquefactlon case, annual costs ,con51st1ng ~of capltal
K deprec1at10n, .net—of-tax returns"remitted ,ébréaa,. O&Mv,f;“\r‘g
’ charges}.'and- taxes, 'are. subtracted from.'the ,valué of |
dispiaced .oii-ilmports ‘Sociai_ benefrtsljunder"(c) VOﬁld'
con51st of any dlfference between‘ the»'social and ;market'. ‘_w,/7
values "of }the~ domestlc resources employed in construction '
-and operatlon of the prOJect~ throughout this' thesis ‘this
‘dlfference has been assumed to equal zero.

-~ The external effects of forelgn f1nanc1ng should aiso
»beblcon51dered Remlttances ‘'0of interest charges or aFterftax
f prOfltS represent payments abroad offsetting the'-deSired

: cred1t in the current account balance achieved" by d1splac1ng

1mports.‘Any external balance of ‘payments_ beneflts* whlch_ S

4
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amount 'equal to remitted 1nterest or proflts are now Jlost.

" and these foregone benef1ts would constitute a soolal cost

of' foreign financing. ‘In addltlon to balance of payments

i

: would have been galned from reduc1ng 1mport purchases\by an

. jpercent a rate at wh1ch the supply of.,forelgn‘ funds is

lo,

o

investment, ‘some of which are dlscussed in sectlon 2.5.3,

v

may also be incurred.’ For - further dlscu551on of -these

©(1978) .

- effects, .other social-costs.associated'with“ foreign dlrect“

'issues;~fsee Grubel ‘(l977) and . Klndleberger and Lindert~

Using, the- evaluatlon~ methodology outlined earlier in.

this.thesis, the capltal flows, tax revenues, .and. requ1red~

‘oil . price increménts ‘arising from foreign financing'of a

R

liquefaction‘ project ‘can be determinedKZIBurgess. (1981)_

quotes an ~average real supply pnlce of forelgn capital of 4

massumed to be un 1mrted (W1r1ck 1982). This rate is

net@of tax, agaln "since thlS f?s theﬁireal’ cost of the

.,cap1tal to th domestic economy (exclud1ng the external

I

after-tax (gonstant 1982~ 91 real oil - prioe ‘scenario); 4

<

releva&; corporate 1ncome ‘tax rate. - whlch 15 1dent1ca1 - to

e A

'fpre tax annual capltal related charge would be $61].62‘*MM

“7“1mpl1cat10ns of trans border capltal flows) vathe, Case 4

‘pro;ect was TOO' percent fore1gn ,f;nanced Jat 4’percent'7
 percent ' was also taken-»as uthe dlscount rate,~ and the +
'gthe rate appl1ed to domestlc firms f— was applled the'

-Of thlS amount $286. 79 MM would be pr1nc1pa1 $l72.16sMM;'
e

’would be remltted 1nterest charges or: QFOfltS,b and, $152.67 - .
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MM would jbe,corporate tax payments, These figures include

+ .interest and taxes accumulated during construction.

o In terms _of‘*the balance' of 'payments impact of ‘a

M

domestlcally flnanceg; prOJect Table 4-3 indicated that the

- b ~— T

Case 4 pro;ect under the constant 1982 91 real oil price

\ff | scenario ‘would 1n1t1ally dlsplace $777 75 MM in oil 1mports‘

£h (real 1982 dollars) .In addltlon, ‘the Case' 4 scenario

' assumes that - $158. 44 MM in additional natural gas exports

could be generated brlnglng the - total annual vforelgn

exchange:E.earn1ngsv»‘of the progect to $936. 19 MM, inffrrst

year pr1ces. If the pro;ect 1s forelgn flnanced the balance

of payments 1mpact w1ll be reduced by $172.16 MM the,full

amount of after tax returns assumed to be remrtted abroad,

'-f”:.'~ 1eav1ng dthe total exchange earnings of.dthe ‘project'at
$764 03 MM per. yearr . i‘ ‘l 'p i

' The capltal ;elated charges calculated above also show

that the deadwelght loss from interest charges ‘or -prof1tsa

would be - almost 'completely offset by new corporate ta#‘

recelpts. The dlfference, $19.49 MM, rqpresentsxthe averagel:

o ) annual soc1al retunns ﬁ}n excess of all accountlng costs

5_41 | (beneflt (b) above) h\:h must be generated by the _prOJect;

o '”in |order for a zere net present value ‘to. be attalned Based’
on a 4 percent: soc1al dlscount rate,_the requ1red 1ncrement

‘ﬂ' in_.the “soc1al value of output from Case 4 to prov1de thlS'

N zego.present value would: be'-3 02\\percent per year Th1s”

"vréx value is - 51gn1f1cantfy less than the /84 percent 1nd1cated y'

} in Table 4-4 where domestlc f1nanc1ng 1s assumed )

. - P
A . ) . s f
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“I1f a more reallstlc assumptlon is that the afterftax
return to fore1gn capltal and thus the discount rateﬂ would

" be closer- to the 10.2 percent assumed -in the financial

‘ analysis, and this is reflected in the market _price_ applled_““____;
to project output,.the requyred 1ncrement.would-rise tof4.26 :
percent per year‘ This compareS‘ to an increment-in'the
domestic- flnanced case, w1th use of .a 10 2 percent discount
rate, of 2 30 percent per year. | |
, : A C
It should be noted that 1f the market pr1ce of output‘
gfrom a* l1quefact10n plant .is t1ed to thF price of oil -
1mports, a part1cular after tax return to forelgn ‘1nvestors,k

' cannot be guaranteed should the world 011 pr1ce fall and

vaddltlonally, since the funds have no’ domest1cllopportun1ty
f;cost a low reallzed return to forelgn funds w1ll not 1ncur_
:soc1al costs as long as it iS‘ offset by taxes plus ‘the
vuexcess of 011 1mport prlces over .the. market prlce of output

‘ Clearly,‘the de51rab111ty of forelgn f1nanc1ng y1ll depend
cruc1ally on».the rates 'of7 returng expected by - fore1gn
investors and\whether these returnsp_arei'assured vby the
"market~pr1ce of output. v- e . R »
| The dlscu551on presented in thlS chapter supports the_‘
. conclus1ons’_that from a soc1al perspectlve 11quefactlon may

'be more- fea51b1e than prev1ously thought and that hydrogen :11:
from‘ coal_ishould be examlned as- anc alternatlve to the -
lnatural'gas feedstock case. Except1ons to these conclusaons
_will‘_ be '“ev1dent %.in' the presence-_of the follouing:

{5
& K

significant .cost overrunsg'excessively optimi$tic = forecasts
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kof 0il prlce 1nflatlon or high- rates of return gUaranteed
on forelgn invested . capltal ‘in. all cases, ambitious
development of llquefactlon may lead to social losses. in‘;

\

'addltlon,__lt_mw1ll,_be_nnecessary——to—~assess-l1quefact1on—~u=ff~

agalnst otber_lmport substatutes .and hydrogen< from coal
against hydrogen from alternatlve feedstocks. In- the latter
case, coalﬂgas;floatlonﬂcould' be assessed agalnst exotlc -
Qossibilities such'Aas;vusev,ot voff—peak “hydro power for'
. hydrogen prodUCtion (eleotrolysis),’,onoe cost:jlnformatron

‘becomes available.

n



" 7. Observations and Conclusions

7.1 ObserVations

<

rphls thesis-has- exam1ned the"potentlal for—oil™ 1mport~

SUbStltUthﬂ from a non- conventlonal energy source such as

- coal llquefact1on..The analy51s focused on “the prospects for. -

fxthls technology from a‘soclal perspectlve, as_well as the'
: ;botentlal for a mlsallocatlon of resources due ‘to a
divergence between soc1al and prlvate profltablllty In the
course of the study a- number ‘of ip01nts,‘were'_noted which
relate- to  an economlc ‘evaluation of' undertaklng
fliquefaction. but could not necessarlly be reflected in .the“
'.,quantitative'fanalys;s. These observatlons .are-summarlzed
below. | . | - L "F}'
1. " Schmalensee -‘4(‘1'98,0') ‘makes the ' valid _point that the
d'presence - of pmarket distortions;‘{n‘ the _narhet . for
non¥conventional energy does not inply ithat. correctiwe
action,"such bas subsidies,tshould be'taﬁen} Productionj
-:in many:induStries- demonstrates ' dlvergence‘ betweenﬂ
’Social.land}<§r1vate optima and there exists a tradeoff
in.'terms:“o}v correct;ng ‘for' thlS, between ‘what is .
‘ theoreticallY' desirable and what is admlnlstratlveiy

vposs1b1e. 1In order for non conventlonal energy pro;ectsT

to warrant sub51dlzat1on further just1f1cat10n 'such as3l

the ex1stence of unLque ”d;stortlons Frys c1rcumstances,”'-

- e g*\/’
’ would be necessary.n‘ ROR .

2., In.-the.,case of//most non—conventional-energy+relatedj

143 s
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market distortions,t alternatives besides “adjusting
project costs and beneflts ex1st for corrective action,

;Examples 1nclude'fappropr1ately drawn up agreements to

"circumvent~“‘uncertainty

'strategic stoCkpile of ‘ petroleum '-along w1th »anai
administered devaluation to alleviate both securlty of '

Lrsupply problems and concern. over the balance of payments

\

regional employment ‘and 1ncome enhancement objectlves in

‘a more satlsfactory manner ‘Where these alternatlves are

I

‘ lpreferred 'whether ~on ~e£ficiency'-or 'equity groundspf
there is’ llttle jUStlflcatlon for » attaching -such-?iridfu

»,benefits to a non- conventional energy prOJect Sub51d1es

warranted

;”VEven though some legltlmate market dlstortions may arise‘

AR

from 1mport substltutlon and requ1re correctlve actlon’
;(pr1c1ng, for example) these w1ll be at least partiallyyu
offset. by certain extramarket costs arlsing from: large i,)
‘;expen51ve energy progects.'fFOr' example, continuedlbf
iilmportation of petroleum clearly avoids the plethora' §f':
env1ronmental problems‘ assoc1ated with tar‘.sandsnor'
Eliquefaction plants. In addltlon they;capital 1nten51ve:-
' and costly nature of these plants means that 51gn1f1cant5}
bvreductions in 1mport prlces, once the progect 1s bu1lt,d

"could prec1p1tate 'v_social“].‘lossesd from import

over“““future regulation, ‘a

regional 1nvestment expenditures which might satisfy.

rand tariffs as,‘a result,»:arel lessu,likely to belb

~effects ‘of‘ﬂan‘ 1ncrea51ng 1mport bih ‘ and alternatlve S
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~ substitution, even though returns may’ still cover

short-run marg1nal costs.'

Uncerta1nty over cost ’relatlonshlps'_in 'large energy"

.

s

: Unfortunately, outs1de of predlctlve models such as the

" Rand cost, growth model these relat1onsh1ps can 11kely'

be clar1f1ed only through pro;ect construc;lona_ Should

‘such constructlon occur ~1ndustry,developmént'Shouldfbe

phased so as to. take advantage 'of: this 1nformatlon -

r

whether technlcal or 'cost related when 7succe551ve“

plants are: bu1lt AR ."‘ éfv;» "‘vAﬂ .

3

Non conventlonal energy pro;ects haVe generally been

v1suallzed as prlvately sponsored prOJects. Thls 1mp11es_"

A

'an opportunlty cost of capltal ,approach to, 1nvestment

funds, although from a soc1al perspect1ve, net progect

return due to tax and rlsk factors, and thlS results ‘in,'

fewer' prOJects belng undertaken..If such a progect were‘ B

publ1c lor publlcly sponsored dlscount » rates and

requ1red rates of return could be much lower Thls’ﬁbuld"v4*'

effectlvely reduce the% soc;al. productlon .costs - of

pro;ect butput and presumably 1ncrease the'”optjmal_,

) v number of pro;ects.

If a ilquefactlon plant 1s wholly or “partially‘.fundedl

*.returns ‘can be dlscounted at the soc1al t1me preference o

frOm : forelgn- sources,‘ there will’ be ‘a._ number ‘of. .

o .. -

1mp11catlons. The true cost gof pthis;‘capital to _the'

~rate. Such prlvate pro;ects requ1re much hlgher rates of:dief



146

Canadian economy<is:the net?of—tax‘return, which flow53

out of the country, 51nce the tax portlon represents new:

'udomestlc earnlngs retalned and the capltal 1tself has no

Fir

domestlc ‘ \ppportunltyv cost Calculatlons‘ fbr' a

,llquefactlon prOJect 1nd1cate that. the remltted portlon

of earnlngs ng largely .offset by th new government.f’
'revenue prov1ded from taxes. Whether /ﬂgfeign' f1nanc1ng'-

| will’ generate greater‘-or_ fewer net beneflts than the'

"gdomestlc f1nanced case was 1nd1cated to depend cruc1ally:

?.Soc1al assessment of coal llquefactlon must address"the‘“

\\

3ch_ ‘the spread between. returns- to.‘fore1gn ndlrect'
.1nvestment and domestlc opportunlty costs,i and whether

'forelgnv returns would be guaranteed when the market'

N

‘prlce of progect. output ‘is.Tset},‘The, issue. becomes,

e

~‘comp11cated further once the external effects of cap1ta1

]

-flows are con51dered

1\’

o

‘1ssue 1ofo coal opportunlty costs. If coal destlned for
F‘conver51on could generate soc1al proflts elsewhere, then°-7’

.fore901ng these must be 1ncluded as a leg1t1mate cost of

\.

pcoal for llquefactlon. Indlcatlons are' that suff1c1ent-"

: i R
*quantltles ,of coal ex1st for. conver51on w1thout cau51ng_.j

i

: a shortfall elsewhere, partlcularly 1n the thermal power Lo

slndustry On»:'he’_other hand ‘1f new power plants must,h

|

make use of hlgher cost coal thus 1ncrea51ng dellvered' :

power costs, {thls cost must be offset by llguefactlon

‘_net_benefits. Where optlonal ‘uses” are- avallable-'vo‘

. private holders ;of B coal,jgfthis'~.cost_'»would';be'-:
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. ‘internalized. This 7problem is unllkely to arase g1venl
"current power demand forecasts however, ountil, after

12005,

Y,

'7;2‘ConclusionS"

‘llqueﬁactlon prOJects B Theialternatlves

8."Productron_'of large quantltles ‘of carbon dlox1de from

liguefaction , also presents . problems ' for soc1al

' evaluatlon. Where thlS gas is. freely dissipated into the _

ic - -

'»a1r, long run soc1a1 costs ane 1ndurred due to‘_cii
B 1mpacts .such -as;;th greenhouse effect' -On't other‘A
hand‘ carbon d10x1de may have a scarc1ty value in- . use

‘Jfor enhanced foil_ recovery ' ThlS latter beneflt'wo

"only accrue where alternatlve sources 'of_ the‘ gas are

3

‘-more costly f‘ non ex1stent Where thlS beneflt does
occur A1t may serve to. partlally or' fully .offset coal.T\

P

opportunlty costsr

- The quantitative ~analysis - conta1n at in this t'h'es'i\se L

N

‘1nvolved the 'priVatek and 'social~ eval atlons - of ciour

'arled w1th regardV*

-pjga51f1catlon of coal) and power source (punchased or varloUS'a‘

]

on- 51te generatlon designs). The~ Aprlvate and soc1al,‘x

evaluatlons 1~ofgr'eaéh7“projeCt dlffer in' terms .o£7 the_

3 ' o I

';‘spec1f1cat10n of hydrocarbcn prlces, and dlscount rates;_-7

'Rather than 'u51ng proyec% net present value for comparlson_’_'p

purposes, thlS was. set equal to zero and"‘he‘,real annual'

'alncrement *in world ©il _pr1cesg'whréh satisfied the netf

”Tto hydrogen manufacture (steam reforml_'iof natural gas vor‘y&.



(]

3

present'”vaer“‘éqUatlon was calculated ThlS was meant to

exclude the uncertalnty of}future oil prlce 1nflat1on Thus,

iresults are not contlngent on any partlcular pr1ce scenario

148

j,study and ‘other data ’sourcés,- and

" oil. prlce. As well the p0551b111ty ofl cost overruns‘ was

occurrlng dur1ng the operatlng ase of the pro]ect.

Ehe projects examlned wvere sedvon an engineéring cost

ere-rassumed to come

on—streamrin 1991 In order to account for potentlal changesvf'“f
1n o1l prlces and provlnc1al economlc act1v1ty between 1982

and 1991 three scenarlos were developed for the real 199l

ftaken. into faccount by 1nclud1db a scenarlo WIth capltal

.,costs at. 82 percent above thelr base case values Thls value

vas determlned through fuse of _the predlctlve Rand’ Sost

,growth model Results and 1mpl1catlons from the analy51s are"

\\

'summarlzed below

s

;l; ‘Results of the analy51s ranged w1dely and were- s n51t1ve

d »

scenario.-.Theﬂ most prom151ng case, whiChfmakes use of -

‘generatEOn fo -powern ‘was evaluated at‘»a'4'perCentd

'-dlscount rate% hlgh 1991 oil: prlce,- and® base capltal

“’p costs,'and ;hgged a reqslred real 011 prlce 1ncrement oijl
pe

year (ove .the prOJect llfe) BaSed »on

- A e
‘to the ch01ce 'Hf d1scountr rate‘ and, caprtal cost

3

f,coal”'as= hydrogen source and-~on—sited coal—fired-‘?'

69 pezce:t
‘gfcurrent nd hlstorlcal pro;ectlons, llquefactlon woulda o

Jmappear to have some potentlal Where Rand cosﬂg apply, a:"'

requ1red 1ncrement 4 to 5 percent per year h1gher could }

0

*”“be expected ' effectlvely remov1ng uall‘ prospects;-for

o
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social profits.

N

‘A market or financial analysis of the‘same llquefact1on‘

.projects ‘ylelded very dlfferent results from the soc1a1

e

i'evaluation Annual requ1red 1ncrements were’ hlgher"and'
. the preferred input-mix switched to one where natural’

Jlgas is the hydrogen feedstock and power _is purchased.

)

-The flndlngs reflected a lower syncrude prlce, a lower

h natural .gas pr1ce, and higher required rates of return

J

The perce1ved dlvergence between the social and market

'assessments was taken to 1nd1cate the presence of market‘

'-fallure Although thls is. str1ctly true' for prlce
';dlstort1ons, _1t 1s unclear whether a dlvergence between
tsoc1al and prlvate dlscount rates actually represents a-
;true d15tort1on f‘A“51mple test showed that the pr1ce‘:

"dlstortlon was respon51ble for the 1nappropr1ate prlvatev

ch01ce of 1nputs wh1le the hlgher prlvate dlscount rate

F':led ‘to lower profltablllty for the pr1vate pro;ect

'The major 1mp11cat1on of the fanaly51s is that: market
-gfa1lure 'could lead to soc1al costs where forecast o1l“
'"price inflation _is adequate:ﬂfor development of . a '

liquefaction 1ndustry.-g-f real 011 pr1ce 1nflatlon is

expected to. be 1n excess of 1.5 to 2 percent peri year,

.'construdtlon vof elther no.. llquefact1on plants or plantsi

G-

“.with a sqboptlmal de51gn could lead to soc1a1 losses' in

AN ¥/

‘the ‘blll1ons of dollars. Indlcatlons are that currenti-

- -

, pr1vate commerc1al1zatlon research li ”focu51ng on ~an -’

1nappropr}ate 1nput-m1x and should ‘be reasseSSed.va
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Despi;e this, examination of coal liquefaction, and ir

’

parpicdlar a hydrogen-from-coal based deSign,  ,is

warranted in the future assessment of oil import options

for'Canada;‘
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APPENDIX 1: Coal Cost Adjustment

Section 3.3.2 outlined a method for adjusting coal mine

costs to-account for economies of scale. Since”these;effects

“are pronounced in ~ the strip‘ mining - of coal those

llquefactlon cases wh1ch make use of coal ga51f1catlon for

'hydrogen or- coal f1red power productlon couid be expected to.

‘have lower unlt. m1ne .costs than those llquefactlon caseslf

wh1ch ‘do not need addltlonal coal for- these purposes ‘If{ a

,ﬂmarglnal ' cost curve ex1sted,;f’r .western pla1ns. coal,

'1nformatlon‘-onﬁ.unlt_ucosts.,couldf be ea51ly "deducedr

: Unfortunately, with‘ uthe absence . of such ~a_ curve an

,alternatlve approach was necessary The.]approach selected

was the’,use. of -econometrlc cost 'functions, dev1sed by

' Zlmmerman (1981) for western Amerlcan sub bltumlnous' coal..

'U51ng phys1cal and geologlcal data for the requ1red mlnes 1nk.f

this study,_costs for a spec1f1ed data mlne, and ,the; abovea':‘
'ementloned cost functlons, costs for the requ1red mlnes wereh
J'%derlved S1nce Cases-gl' and~'2 requxred volumes of. coal

’As1m11ar to the data m1ne, no adjustments for these two cases

AL

'were ﬁade. Adjustments made“to Cases 3,ang 4 aretdetalled Jinc o

the. follow1ng sectlons. *3*w L ;f;-.;l !

-1) prE'wq

’q%%Qalués.’

_additlve;form: e

G . .
e -
=N . s

%
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Zlmmerman s ‘ equations are',presented_in.theffollowing'
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K, ”3 746,000 + 394,117 (RQ)~6*2? N-5°7 + 2820

. de

2, 628, ooo +7.486 (RQ)- sﬂzs'N-5¢7 + 1840

0&M =1‘387,ooo,+-32,182v(RQ)~?f?5'uaF°7'+ .2710
‘where: | |
C-K. initial capltal cost($ MM)

: S Ke = -deferred-capital cost (§ MM)
B . ‘O&M.; operations and mdintenance cost ($ MM/yr

R = average strip ratio (cu'yd/T)
Q = annual output of coal (MM T/yr)
'N = number : of dragllnes

o

Physlcal data for the'three mlnes is the fOllOWlng

e d_f - ; Coal M1ne Phy51cal Data -
data mihe.‘158.59~%‘ 1 9;12* e SRR ';,'"
.Case 3 ° 859 T . 1190 6 R
| “Case 4 oL 859 13 80 . 6

Insertlng these values 1nto the above equat1ons ylelds -

the follgw1ng predlcted vaLues. e

e

tﬁﬁﬁi”f ‘Coal Miné Predlcted Cost Values

| Ki . ;\:-KdA : O&M"
' data mine - 73.94 5,20 % g.30 ‘
..Case'3 ~ . 85.50 - 5.83 . 10.00 R
Case 4 . 93,57 .25 © 11.14 -

“x_ii)”oOSt adﬁustmeht ratios‘

In order to adjust data mine costs “to glve est1mates

for Cases 3 and 4, ratlos were formulated w1th the predlcted '

data m1ne value as denomlnator and the appropr1ate Case 3. or

Case 4 pred1cted cost value as numerator°-

‘n
R
-—

el =l
g Y
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Coal Mlne Cost Adjustment Ratlos

K; '[ﬁ»f~ ;”vvag_vn,fﬂ,h'-- E o&M

160 .

" case 3 85. 50/72 94=1,172  5.83/5.20=1.121 10,00/8.30=1,205

 Case 4 93. 57/72.94=1.283 6325/5;20=1.2024‘11 14/8 30=1.342"

‘111) adjusted final costs

’

hThe 'above ratlos were used to multlply data m1ne costs

‘tof-get ‘adjusted costs ‘for‘ Cases 3 and';‘4‘ (Montreal

fEnglneerlng, 1978)
| Total cap1ta1 costs are the sum of adjusted 1n1t1al and

j'deferred .costs Deferred capltal for‘vthe‘ data m1ne was

v

averaged over the 25 year progect 11fe and dlscounted to the

'present a 10 2 percent Flnal operatlons and malntenance

".,costs 1nclude mun1c1pal taxes and 1nsurance at 2 percent }of

A

f1n1t1al cap1tal ThlS approach results 1n the follow1ng

lflflnal values for capltal and annual charges, Whlch were then '

"entered in Table 3v5 of chapter 3:

o
Sl Coal M1ne Flnal Costs ($ MM 1982)
~data mine ."ﬁfCase 3 ’D;Casefgi
. - (Cases lrand 2) = ¢ SR
,piInltlal cap1tal 283 "/7 <'3322.> 363 °
I'{‘Deferred capltal . ,79' ~z¢'*'[_4%59. - .95
| 'fTOTAL "‘,» L ”l* 362 421 458
CoeM . 37.02 7 amet ao.e8.
_ Taxes and, Insurance 0 5:66 . . 6,64 L TN27
CmomAL .. D 1268 S aisties '56;95f‘
R TR R .

ar

For the f1nanc1al analy51s contalned 1n chapter 5, ethevf

calculatlon ofutcoai royaltles was necessary. .S;nce the

W
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royalty i's - calculated fat' 5 percent of gross revenue,\theﬂ'

’ gross revenue requ1rements for each m1ne 1ncluded here _Were

K

_determlned . Thls meant amortlzlng capltal at.an assumed

'pre tax rate of return of 13.2'percent' made up of a 10.2

\

” percent after tax component and a3 percent net corporate .

"N

"1ncome tax allowance (Helllwell .and~ May, 1976),,_ o'.tbe

capital 'charge was added the'relevant 0&M COSt from above,

Calculated royaltles, based on 5 percent of capltal chargese f'
;_plus O&M , ware~ $4 64 MM per year for Cases 1“and 2, $5. 47

”3MM per year for Case 3 and $6 01 MM per year for Case 4.

N o

-

. Gﬂ “‘ :
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APPENDIX 2: Detailed Cost Estimates

In addition to the two llquefact1on cases__outl1nedm“1n~m"__m_

o the_ Abgas Study, two alternatlve cases were assessed These-

_dlffered from the Algas cases. prlmarlly 1n that hydrogen was
produced .from coal rather than natural ‘gas. As a result of
.this_difference, the plant s materlal balance .was~ altered

‘and- adjustments to a number of process areas were requ1red
- , .

:Thls 1nvolved capltal and operatlng cost changes for.. both

?Case 3; and Case.4 The process areas, affected in addition -

\

to hydrogen productlon were.,power coal preparatlon,‘:ashn'
| handllng and drsposal coal handllng and the sulphur plant

Capltal Costs for Cases 1 and 2 were .updated d1rectly

\

from the Algas Study and totals are contalned in Table 3 5

- . A

,In order to make- con51stent estlmates for Cases 3 and ;47ﬁj i

-costs 'for‘ process areas affected by the change 1n hydrogen~'7

. PR
productlon were netted out of the Case 2 est1mate, leav1ng a:

. r

:re51dual [ﬂ'base . cost. Process area »costs. were then,

. re estlmated based on Case 3 and Case'wg' _and-

“ added to the ‘base cost to 91V° a- total constructlon value.

The;'base cost is derlved as follows.'

Der1vatlon of Base Plant Cost ($ MM 1982)

e

' ‘CaSe'éitotal'cost e 4200

Hydrogen plant - ...~ . - =-95¢4 . .
-~ Power and Steam Plant . =573
' Sulfur Plant S e m22 0
Ash Handling and Dlsposal S =11 o
Coal ‘handling -’ - - S -88 R
‘Base C&st . 2552 -
e o ,‘ r- )
' TR

S R RSN S ez o T



The follow1ng passages descrlbe, the re= estlmates for'

4

;Cases 3 and 4 All values are- summarlzed in a table at thefﬂ

4tend of the sectlon. ”fr'\V”"

i) hydrogen plant &

| Un1ted States data was obtalned for a coal to hydrogen"?

at an. eastern' Kentucky locatlon,' expressed in m1d 1975

prlces (United States Department of Commerce, 1978)

order to convert thlS to a 1982 total cost for a 770 MM SCFD
StatlSthS Canada constructlon cost 1ndgx for Chemlcal andf,_
'Petrochemlcal Plants (Statlstlcs Canada, 1983a) : Slge 'wa

21983) All 1nd1rect cost factors vere taken from -the’ Algas

.study Ad]ustment factors are summarlzed below'V‘

- Adjustment Factors for Capltal Cost Estlmates

Inflatlon P -

Size: (770/352) X1, 87 '
“Location k X -1.46 .
Transport and Import Duty. X 1.25.

» P1p1ng,,Instrumentatlon, A . _ :
“* Electrical, and . =~ . - T
. Process Structures - -Xi'1}93 S

‘Offsite Piping, Site ; e -
.‘Development and. B . -
“Administration Bu11d1ngs X 1.30

Englneerlng and Construction =~ X '1.35 | :

Contlngency T o X 01,20 e

S | Dl e ‘
TOTAL S P U X 24 3 g

& : . i
/e - . -
4
<

;Vplant and contalned a cost for: a 351 7 MM SCFD process un1t" .

plant ~ an Alberta locatlon : qnqmber of adjustments were,‘
neceSsary Inflatlon 5¥asg accounted tgr by ' u51ng - the

vadjusted u51ng a 8 factor for economles of scale (Dynawest_'

™

- Applylng this value fto the source cost'of $118 MM gave a
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final ,cost of about $2870 MM, Thls value, when compared to

the capltal cost for the steam methane reform1ng; plant,

D ‘,'fo ‘

‘.,'fcost of $205 MM

_.Shows “avrqtlo ofuabout 3 to 1. This is identical‘to results
obtained‘by Corneil (1977)f$ ‘a- study of ‘the'.production

-, :'f

\

| economlcs for- hydrogen to the year 2000 o {»f?

1lh“power plant lifL;‘! : 'f“'~f‘ “~l,;f~ _;F-G;

g For Case 3 al comblned cyclexpower plant was 1ntegrated
‘1nto the llquefactlon complex Use of coal gas1f1cat1on for ,
. hydrogen allowed by product fuel gas to be used as the power
N plant feedstock Based on Internatlonal Energy Agency -(IEA)
data, the cost of a comblned cycle plant 1s approx1mately 4Gg

cost f_ a_taequ1valent 'coal fired plant

5f;}43y_ al.,h 1979) ' The coal plant cost used .here- 1s'?fh

: V'Keephllls and totals $7ﬂ3/kw tl 1982 dollars‘ (EUPC
'”1983) ThlS 1mp11es a ‘comb1ned cycle cost “of $342/kw

liﬂ"Multlplylng thlS by the 600 000 kW of capacrty glves a total
v R | . |

HE - . S - : lj‘ :

The Case 4 power plant was assumed to be 51m11ar to the<

.g;Case Zl SOlld re51due flred plant descrlbed in the Algas'

fstudy 'Slnce the power requ1red was only half of the Case 2

"output costs were, scaled down u51ng a ,sffactor on the

..-,.\ .

- powver generatlon unit and ,a .6 factor _on'.thef flue' gas,v_,-

: € .
f‘desulpherlzatlon unit‘. The reason for the hlgher factor onl-

»the power unit was the lowen expected economles of scale due_”

'vfsto the ex1stence Of ;twoﬂ parallel ;tralns' in thelsourcef'

wbe removed for Case 4
' T G o

estlmate, -one of “which S Woy

C e
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requirements; thus, "no change = in ~boiler capacityv:would'lr]jq

occur.h The resultlng total cost was $333 MM, compared to a

_111) other process areas

1f~1nd1c%ted below

.h“by product values, are listed below-

'”Case 2 value of $575 MM. o | .

vy
v

¥

Cost re- estlmates were necessary for' s%Veral other'

0

B made py f1rst determlnlng the new capac1ty requlred and then

;fadjustlng costs w1th a .6 scale factor. F;nal ‘values :are‘

v

Adjusted Process Area Capltal Costs ($ MM 1982)

'ﬂCase 2° '-CaSe-3aa'_CaS§f4

. Base Cost, - ' 2552 2552 - . 2552

- ‘Hydrogen Plant. . . 954 . .. 2870 - .- 2870 -
Power Plant = - Tim. 573~ ---205 7333
Sulfur Plant .- - .22 - 112 112

. “Coal Handling - 88 100 09 o

'.Ash Handllng e e o
and Disposal - - 11 R -1 -1
oToTan f\?j»~f~42ood © 5903 | 6040

o Adjustments”'to plant operatlng .costs wére’based on

where necessary As.fin most englneerlng level studies;.

~ -

.7vto certa1n> progect parameters. These factors+,1nclu51ve of“

'.'7

pr%ghss areas,, 1nclud1ng--sulfur‘plant coal handllng, and.

d"p_ash handllng and dlsposal Adjustments in_ each case were

‘allnformatlon prov1ded in the AlgaS"study, sultably'iupdateduf':‘.

operatlng costs\are derlved from factors wh1ch ’@reﬁ applled'_
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O&M Cost Factors and By-Ptoduct Values’
Labor = .. %30, 500/man-yr, B

Malntenance R 1% of capital

- (excluding. contlngency)

Contract Maintenanck §$2 MM/yr -

Insurance/Taxes 2% of capital
C) Power purchased - . $26/MW-hr
Power sold - $21/MW-hr
'By-products: .
Sulfur = $50/t
'Ammonla-z . $385/t
Soda Ash %75/t

- (excluding contlhgency)

Applylng these values to the material 'balance ‘and capltal

‘ 'cost ;1nformat10n ih Table 3 5 g1ves

totals also prov1ded in that table.

cb

the operatlng cost
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- ) T {'_' &h_ ﬂbPENDIX 3 Rand Cost Growth Model IR

o 7. . In order ‘to account 'for the

e '&7 _ capital “cost overruns,_ analy51s ﬁrom the Rand*cost growth'iﬁ
o ~ i s ;V' .

‘. -,study_was_used for predlct1ve—purposes. In~the~—Rand-study“~_¥
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Merrow et al (19&1) coni&}ucted a regress1on equatlon u51ng

a number of 1ndependent pr;jétt and technoIogy spec;flc ;;
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variables' ,with the ratlo of estlmated twaﬁfﬂ:ﬁCOStS as the

dependent varlable. Although

proce551ng plants does not 1nclu°
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St does 1nclude several tar sand -a g OFY w-shale profgctsm- For
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- purposes here,- and baseﬁ nﬁ_helr recommendatlons, 1$~g§

" assumed the"analysrs :would apply
llquefact1on plant Thelr equatqo ‘ : f{:
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. CG(Cost Growth) =frat10 of estlmated to actual e e
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e PD(Project = ‘~“}evels of. 51te spec1ﬁ1c In&ormatlon
- . ~ Definition)”  %@pd englneerlng included in estlmate,
. ) Dy = 1, D, =0 if process :
L" : 4 o ' <—-ﬁ- ~ proven at precommerc1al or commer01al
T : ol stage,. =0, Dy = 1 if

L o S '\}ﬁ-‘; process 1n R and D stageﬂ B ‘1“ .
L ' For lﬁquefactxon plant under con51derat1on here,
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varlablexyéalues ?were; détermlned ‘in, consulbatlon w1th
_ 'englneerlng staff at Algas Resources. The vélues settled on
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