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ORANI-FUEL:
INCORPORATING INTERFUEL SUBSTITUTION
INTO THE STANDARD ORANI SYSTEM

by

Truong P. Truong*
University of New South Wales

1. INTRODUCTION

ORANI (Dixon, et al., 1982, hereafter referred to as DPSV), is
a large~scale computable general equilibrium model of the Australian
economy. The model is potentially a very useful tool for policy analysis
of various aspects of interfuel and interfactor substitution in the
economy. At present, the standard <mnmwcu~ of ORANI makes explicit
allowance neither for interfuel nor for interfactor substitution. However,
as demonstrated by Truong et al. (1985), interfuel and interfactor
substitution can easily be incorporated into the standard ORANI model

through the 'technical change' coefficients. In this paper, we illustrate

such a procedure with a practical experiment.

The author is grateful to Alan Powell, Brian Parmenter, and participants
at the Workshop in Computable General Equilibrium, University of
Melbourne, 3rd July 1986, for helpful suggestions and comments. The
usual disclaimer applies.

L. By this we mean the model structure as available from Impact Centre,
through the GEMPACK I Release 3 -~ February 1986.
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Table B.1 {continued)

Industries : 88, 83, 90
) 16 58 86 87
1
-.3 .1 .1 .1
16 | (+.15) (+05) (+.05) | (+.05)
.15 -4 .1 .15
58 (+.1) (+.3) (+.1) .
.1 .1 -.3 .1
86 | (+.03) | (+.05) (#.15) | (+.0%)
.1 .2 .2 -.5
87 (+.1) (+.1) (+.1) (+.3)

L6

The balance of this paper is structured as follows. In Sectiom 2
the modifications which have to be made to the standard ORANI theory
are outlined, and auxiliary variables and equations necessary to
implement the new version of ORANI are defined. In Section 3 technical
aspects of the simulations reported in Section 4 are discussed. In
particular, Section 3 details how an appropriate choice of shocks can
be used to clrcumvent some rather serious limltations which aggregations
in the currently available data base would otherwise impose. Besides
offering a comparison between standard ORANI and ORANI-FUEL results
for a 10 per cent reduction in the foreign currency price of crude oil,
Section 4 also contains the results of a sensitivity analysis to
variationg in the values of Manmﬁmamw substitution elasticities. Some
brief concluding remarks and perspectives for further energy-related

research using ORANI~FUEL are offered in Section 5.
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EMWV is a shift term normally used to simulate technological

change, but which is going to be used in this paper
to simulate interfuel substitution.
Table B.1 {continued)

Apart from domestic/import substitution between fuels of the same
type, equation (1) does not allow for interfuel substitution. This is
because input of fuel type i, source s, into industry j is related only to
the activity level Nu and not the relative fuel prices. To incorporate

interfuel substitution, let us first replace (1) with:

Industry : 63 (D (D) (D) 1¢))] .
i asyy T (g 13 :5&:. s Sis); Prasyg! 3 @
k
58 86 87
i W _ 3 J (1) .
aog T 1 H T M ",k P ; 3
s8 ..... .15 .35 vﬁv .1 mAC wC.v . %)
+.3) (+.15) (+.15) (103 ¢ Ys)i P(es); i
86 .2 -.5 .2 where we have introduced the following terms:
.1 (+.2) (+. 1)
(L 1)
87 .35 .15 -.5 X103 is X(18)] aggregated over sources s, and thus represents
(.15) (x.15) (+.3) 'effective’ input of fuel i to industry j for current

production;
(L) (1)
: £ : H
v?.: is the price o x@.vu H
mw is the output elasticity of demand for fuel i in

industry j;



¢n ?
*saeaddestp (g1°gy) uoriwnbs Aggqg jgo 2pIs puey
Y4BT 2y1 uo wasy ylanoy syy ‘(a'f¢s*y 11 303 @ = AmMMMWm €*a+T)
UOT3IONPOId JUSIIND 10J $SFIAISNPUT 03 smory Induf Sur3le3TIIORy UY
§20TAIBS 3O 98N Y3 YITA palerdOgse sfupyd TEOTUYDel ou Bugunssy "9
*£3Fun 03 3es
8l1v sanyes Mm 11e ‘y uor3dag uy paiiodez uopiejuswerduy sy3 uy
( ‘0 # Mw eyl A311Yq1ssod syl sajmpommonIw #oTaq A109y3 2y3 ysnoyary "G
(291 "d *‘1/z °19®l ‘AS4dq 298) uoyrlonpoad jusiand uy
_ _ _ [ £x3snpur £q 3nduy ue se pasn s asanos wely T 1eny jo
(€4) -+ (' (1°+) ‘8
0 1- - . g anyea  sasseydoand syl uy aieys INTBA~-ITSBY BY3 ST A~ﬁ.wﬂV~u
(50°+) (@4 G |0 | 98 -,
€ [l I 1°
- = - £ (0, =2
1+ (1°+) (€°4) 1+ 8¢ (9) ¢ (1Fs1)%9¢ d H 3} +
¥ (o) 16(s1) y
9° z° 0" 1~ [
_ _ PN 4 . gy ls (5D o [(sT)
an | a®H | an | e | o (b snt alb tens + qf ssnly tld m?
8" T T 01
T "cﬁwa.wﬂv uorienbs Agdqg sy3 Buysn “AMMWn 3 1eny jo eoyad
i8 98 8¢ 91
3 19TSBq, 29Ul 03 sTYl BurlwTaa Aq sITnSe1 INVYO pAvpusas WOXF PAIBAODIL
85 : KLaasnpuj aq fIaassoy ‘ued 3y “{1°2¢ 319Bl ‘ASdg) suolienba 30 waysLs | POSuUapuod,
INVYOQ 943 WOXJ pajeulwyye Sy maM”Wm IBYI 20U BA ‘(C) °SN UBD BM 210J9g
© T S G I A o
£ f (1) $)) (N
(penuriuod)] g @1qv] m"uum 34 JT (%) - (¢) suoizenbs o3 jusrearnbs spwu wq ued (1) uot3enby

“} Tenj 3yo 8d1ad 8yi 03 3o9dsaa
Yata (uorilonpoad juaiind I0J pasn aq 03) T 1ong

103 [ Aaysnpuy £q puwwep jo L3foy3sere sorad 8y3 s} m:



ﬁNmHm. 31) is the share of commodity taxes in the purchasers'
value of fuel i from source s used by industry j for

current production (DPSV, loc. cit,);

Table B.! (continued) g{ls, j1) 1is the tax on sales of fuel 1 from source s to industry

j for current production (DPSV, Table 23.2, p. 141);

nwﬁﬁmu 11} 418 the share of total margins (excluding taxes) in

user j's purchasers' value of inputs of fuel i from

source 8 for current production (DPSV, Table 27.1, p. 163);
Industry : 50
(18)j1
k t
. 16 58 86 87 znwwv is the share of inputs of good r in the total cost of
* margins (excluding taxes) required to transfer flows
-3 .15 -15 -20 of fuel 1 (of source s) from the producer (if s = 1),
16 (+.3) (+.1) (+. 1) (+. 1)
or from the port of entry (if s = 2), ro user i for
.15 -5 .15 .20 current preduction.
58 (+.1) (+.3) (+.1) G 1)
.15 .15 ~.5 .20 Again, g(is, j1) is eliminated from the condensed ORANI system, and hence,
86 &1 (&1 (+.3 (£.08) it must be recovered, using DPSV equation (18.20):
.25 .25 .25 ~.75 3) ()
87 (+.1) Aan AH: A.ﬂuv glis, j1) = w;g.m» i1) € + rmexm. i {elds, j1 + mﬁwmvu
+ hais, j1) v(is, j1) H n
where:
mva is the ORANI consumer price index (DPSV, p. 138);
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APPENDIX B

ELASTICITIES OF INTERFUEL SUBSTITUTION

Based on previous work in the area of fuel substitution (Donnelly, 1983;

Magnus and Woodland, 1984; Truong, 1985; Turnovsky et al., 1332), some
‘typical’ fuel substitution elasticities are chosen for the experiment.
These figures are chosen for the purpose of illustration only. They are
not intended as a basis for rigorous policy analysis. Table B.1l gives the
values of these illustrative substitution elasticities and the range chosen
for sensitivity analysis. Note that 'crude oil’ (commodity 17) is used

as input mainly to industry 56 (petroleum and coal products). Other
industries (which are chosen for the experiment) do not use crude as a

direct input but instead use mainly refined fuels (commodity 58).

Substitution, thus, occurs mainly between commodity 58 and other fuels

(rather than between crude oil and other fuels).

Table B.1

SLUTSKY ELASTICITIES OF INTERFUEL SURSTITUTION

Industries : § = { 2, 12, 18, 50, 58, 63, 64, 88, 89, 90}

Fuels : i,k = {16, 58, 86, mww

Values given in the Tables are the ‘base-case' values for zw.w with the
variations indicated within the parentheses.

Industries : 2, 12
k
i 58 86
58 =2 .2
(+.2) (+.2)
86 .2 -.2
(+.2 (+.2)

When uMMWvu and waWvu are eliminated from the condensed system, the terms
mMvana v{is, 31) are sbsorbed into the (vector) variable vm of equation

(32.17) of DPSV, where!

(1) 1 _
mwmuw > w wnwwvu Am»u Oy bvlis, 31) £,(is, 31)
-z va v(is, j1)T, (is, J1)I1} (10)
AWMVH ’ N 3 B

8

and where:

e

(113 is the share of source g = 1 (domestic) Iin the total

sales of fuel i to industry j for usage in current

production.

If we are not modelling any specific sales tax on fuels, i.e.,if

1) (2) (2) (2) (3)

= = = “ o= = w
v(is, j1) 0, and furthermore if mu wu mHu mAwmvu mAHmV
in DPSV equations (12.23), (13.4) and (14.21) ~ - i.e.,if we are not

modelling any other types of technological changes (except for those

'associated' with interfuel substitution) - - then (10) reduces to:

7. waV is also absorbed into the vector <mn»m¢wm~vo of equation
(32.18) of DPSV. To simplify the analysis we have set
a0 for xMWWvu . This does mot imply, however, that fuel

substitution does not occur among imported fuels. The constraint
of constant imported/domestic fuel shares imposed in Section 3 (see
equation (28) ) will ensure that any substitution among

domestic fuels will also bring about similar results for imported
fuels.
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4. nwﬁwﬁ.uhv : i= {16, 17, 58, 86, 87}

®
#

{1, 23}

(=%
#

{2, 12, 18, 50, 58, 63, 64, 88, 89, 90}

To calculate this share of commodity taxes in the purchasers' value of inputs
of fuel 1 from source s for use in current production in industry i, use

the mczﬁw ) as calculated above, while noting that:
»

t,{(il,j1) = ;
20LID = Koy 4y /S0 gy
and
z_(42,i1) = p
Nn ib n+:§.v\m§?3.
5. galds, i) = 1 = {16, 17, 58, 86, 87)
s = {1, 2}

j = {2, 12, 18, 50, 58, 63, 64, 88, 89, 90)

To calculate this share of total margins (excluding taxes) in the purchasers'

value of inputs of fuel i from source s for use in current production in

industry j, use the SUM

(1,1) as calculated above, while noting that:
(i1,31) :
4 = LX s
37 I TCR PRI PR
and
(12,31 :
;. (12, = LP_ . .
3N B Pagegy /Sy

With fuel substitution (and/or non-unitary production elasticity of fuel
demand) wm is normally non~zero. Thus, to model interfuel substitution
in ORANI, we initially treat wm as an 'exogenous' variable and then run
standard ORANI with vm subjected to a uniform shock. The standard ORANI

results should give:

zg = mwck. x + m%v.wm ; (15a)
P T PGw Xt Ran cPs s (15b)
e o 5O 5O, by ; (15¢)

where E's stand for the standard ORANI elasticity matrices -- i.e.,
muma is the jth row of E™ (n= 1,2),

mMMWV is the (is)th row of g (n = 3,4)

mﬁsv is a single-row vector (m = 5,6,)) «~—

and x is the usual exogenous shock vector (excluding @mv. Substituting

(15) into (13) should enable us to express @m in terms of x alone:

; (16)

11
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APPENDIX A

SHARES CALCULATIONS

8

1. mﬁwv H i

(i8)3 {16, 17, 58, 86, 87}

s = {1, 2}

{2, iz, 18, 50, 58, 63, 64, 88, 89, 90}

[N
#

To calculate this share of the purchasers' value of fuel i from source
s in industry j's total purchases of fuel i for use in current production,

first sum the ijth elements of matrices A, qu NN..... K 1 of the input-output

g+
table (see DPSV p. 151). Denote this as mczpmw i) Next, do the same with
»

matrices F, vwv mw. ‘e wm+~ (i.e. the import matrices). Denote this as
mczwawauv.
s s smy s +SUM2 ).
(i1)j (1,3 (1,3) (i:3)
mAHv =  §UM2 /(suMl +  SUM2 ).
(i2)3 (i,4) (1,1 (1,1)
- (D
b S

10 .
2. Biiyyy ¢ 1=1{16, 17, 58, 86, 87}

i = {2, 12, 18, 50, 58, 63, 64, 88, 89, 90}

To calculate this share of the total sales of domestic fuel i which is absorbed

by industry j as a direct input into production, let A denote the i jth

(1,3)
element of matrix A (fn DPSV, p. 151). DNext, sum over the ith row of matrices A,

B, C, D, E (total direct usage of domestic energy commodity i). Denote this

as ﬁvcﬁwv.

%6

F4 1is the matrix whose ith row is

(D (1) 3 -(4)
EEEBi1yg Steyg Mk Crlkss IDEGL +
ks
ORIV h L (ke)51 ®
HED IS mA»Hvu mAwmvu ik g;(ks, j1) zﬁn_v £ g(ks, uwvmﬁamVu
jks r=1
F3 1s the matrix whose ith row is:
(1) (1) 3 (5) oy
LZIZ whupvu mﬁrmvu :H.w nwmxm. JDE (22)
jks
and
F6 1s the matrix whose ith row is
(1) 1) h| . (6) .
LLzI wAMHvu mAwmvu :».x ﬂmnxm. il) E . (23)
jks
Substituting (16) back into (l5a) gives:
z = (80 4 5@ 5o (24)

Without fuel substitution, the effect of the exogenous shock x on z would

have been given by mA~v. The effect of fuel substitution is thus given

by the term HMANV . F}l. Clearly, from (18) - (23), if mu =1 and :u 0

1 1L,k
for all i, j then F = 0, and (24) reverts back to standard GRANI result.,
Note that equation (24) applies to all industries irrespective of whether
there is significant fuel substitution within that industry or not. Let

j* denote an industry within which there is significant fuel substitution

13
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to a sales tax on petroleum products to recover the omcmm oll excise
revenue loss would be greater if the scope for interfuel substitution
were less extensive. In gemeral, one cannot calculate accurately the
effects on tax revenue, or on social welfare, arising from changes to

the structure of energy taxation, without a detailed knowledge of the
different magnitudes of demand elasticities for different fuels by
different users, In principle (Ramsey, 1927) it is clear that an optimal
energy tax structure needs to take precisely these magnitudes into
consideration. ORANI-FUEL, thus, is a useful vehicle for taking that

principle on board, provided more research is devoted towards:

a) refining estimates of the elasticities of interfuel substitution,
and
b) further extending the model to allow more industries (not just

those listed in Table 1) to engage in interfuel substitution.

The overall magnitude of the demand for fuels as a whole is conditional
on the degree of substitutability or complementarity between energy and
non—-energy inputs. So, while the results fron interfuel substitution
studies are important, one should not forget the still outstanding issue
of interfactor (energy/labour/capital/non-energy materials) substitution.
The theoretical framework for incorporating interfactor substitution
into the standard ORANI system has been developed in Truong et al. (1985).
What is still required is powerful yet simple-to-use computing software
to implement this structure. Also, more thought needs to be given to the
appropriate (long-run) environment within which interfactor substitution

should be modelled. Work currently in progress at the Impact Centre

3. THE EXPERIMENT

The c.1.f. foreign currency import price of crude o»wm vﬂwmv (where

i = 17, see DPSV Table 23.2, p. 137) is shocked by -10%. The export price

e
(f.0.b.) of crude oil vmwwv is also shocked by the same percentage (using

the shift e =
s term mAMHv. i

export pricing parity,

17, in DPSV equation (15.2) to preserve import~
We want to impose the assumption that imported
crude does not increase its share in the domestic Bwnwmn.m This can

be achieved firstly by setting the domestic~import elasticity of

(1 :
substitution for crude to a high value of a»uv = 50 (for 1 = 17, all u.mv.—o

Secondly, we need also to set:

()  _ (o)
Pe11) Peyoy > for i = 17 . (28)

From (27), we can write:

(o) e X' 15
vﬁuwu n~ xo+ ny mum H (29a)
and
(o) - X' ' 15
vmwmv nm x4+ ow . mww H {29b)

¥
where x' is the usual exogenous shock vector, but excludes ﬁ.m. a shock to

the ‘other costs' ticket price variable in industry 15 through the shift

(€]
term mm+m“ i5°

8. By 'crude oil' we reall '
y mean ‘oil, gas and brown coal' with th
existing ORANI 77-78 (¢ icalized °
Bransies, 106 yp agriculture) data base (see

9. See footnote 7. Also,

this implies the existin
scheme (Department of R B To oraseocation

esources and Energy, 1984) is preserved,

10. This is standard in th

e 1977~78 0
Blampied, 1985 RANI parameter file (see

15
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2 and 3 that for certain variables (e.g. the aggregate import of crude
0il, the activity levels of fuel producing industries), the ORANI-FUEL
substitution effects are quite significant. In most other cases,

however, the income effect 1s the predominant one, and hence, standard

ORANI results would have been quite sufficient to represent the total

effects.

Some uncertainty about the appropriate values of the price elastici-
ties reflecting interfuel substitution is inevitable. High, low and
mid-range estimates are offered in Appendix B. A comparison of ORANI-
FUEL results for the high, low and mid-range cases (Table 5) shows that,
within the fuels sector, ORANI-FUEL results are quite sensitive to the

3
w k nwommn.H This implies that one should
3

substitution paramenters n
exercise some care when choosing the values of :wur. especially for
simulations which focus primarily on interfuel substitution issues. The
values of :W.x » however, should not have too great an effect on the

rest of the ORANI results, where the 'income effects' of the energy price

changes dominate.

Finally, we note that with large energy price changes, ORANI~FUEL
results obtained (as here) by a one-step Johansen computation would tend
to be an underestimate of the 'true' substitution results. This is
because with large price changes, fuel shares will also move with the
substitution direction. In a multi~step Johansen computation (or other
full non-linear solution of the model), larger interfuel substitution

effects could be expected.

13. We have not investigated the sensitivity of ORANI-FUEL results with
respect to output elasticity of fuel demand mw s as this is not the
main focus of our analysis. See footnote 5.

32

Using (12), we can rewrite (31):

. (o) - (3) ‘ (17,031 (o) ,.
Eerd, g F7.pQyyy t P .G + F9 ﬁw Mt P iy Y (32)

where :

x AC 3 * . .: .
3; |§Q_: / mm+~.uv <y (i1, 1y, i=17 ;

, E E .u.
ww :1 ﬁmaupvu \ mm+m.uw . nm (i1, j1), i=17 ;

and

« 5 :v =
F9, = - EEE / mmﬁa; - T3 (i1, §1), i=17.

.

Also, using (15b, c¢), we can write 12

(©)  _ _(3)x" " (HE )

Pan T Fan -t ¢ Ban? - 5 ; (33)

mAuv = mAmvx:.x: + 3 mAmeu . m.“_ : Aubv
h]

where the exogenous vector x in (15b, ¢) is now split into two

. 1)
nents: x" and £,, with f, denot the sh t mﬁ ;s 3=84, 85.
components: x' an 5 W, j enoting the shocks to g+2,5° 3=84, 85

12, Since we are not 'compensating' industries j = {84, 85} for the
fuel-substitution effect, we ignore the term @m in (15b, c).

This is in contrast to the situation in equations (29) and (30),
where we want to maintain the existing crude oil allocation
scheme, even after taking into account the interfuel substitution
effect.

17
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Table 5 {(continued)

ORANI-FUEL RESULT AS A PERCENTAGE OF

STANDARD ORANI RESULT

Industry

b

33 WORSTED & WOOLLEN YARN
34 TEXTILE FINISHING

35 TEXTILE FLOOR OVERLAYS
36 OTHER TEXTILE PRODUCTS
37 KNITTING MILLS

38 CLOTHING

39 FOOTWEAR

40 SAWMILL PRODUCTS

41 VENEERS AND BOARDS

42 JOINERY & WOOD NEC

43 FURNITURE & MATRESSES
44 PULP PAPER PAPERBOARD
45 BAGS, FIBREBOARD BOXES
46 PAPER PRODUCTS NEC

47 NEWSPAPERS AND BOOKS
48 COMMERCIAL PRINTING

49 CHEMICAL FERTILISERS
50 OTHER BASIC CHEMICALS
51 PAINTS, VARNISHES

52 PHARMACEUTICAL GOODS
53 SOAP AND DETERGENTS

54 COSMETICS & TOILETRIES
55 OTHER CHEMICAL GOODS
56 PETROL & COAL PRODUCTS
57 GLASS & GLASS PRODUCTS
58 CLAY PRODS; REFRACT'S
59 CEMENT

60 READY MIXED CONCRETE
61 CONCRETE PRODUCTS

62 NON-METALLIC ORE GOODS
63 BASIC IRON AND STEEL
64 OTHER BASIC METALS

65 STRUCTURAL METAL GOODS
66 SHEET METAL PRODUCTS
67 OTHER METAL PRODUCTS
68 MOTOR VEHICLES & PARTS
69 SHIPS AND BOATS

70 LOCOMOTIVES

71 AIRCRAFT

72 SCIENTIFIC EQUIPMENT

rosm Mid-range :wm:m
Q. 35% 0. 684% 0.91%
0.33% 0.81% 0. 86%
0.563% 1.14% 1.74%
0.38% 0.76% 1.13%
0.34% U.61% 0.85%
0.33% 0.b7% 0.80%
0.33% 0.59% 0.83%
0.31% 0.56% 0.79%
0.36% 0.71% 1.06%
0.15% 0.09% 0.02%
0.40% 0.84% 1.24%
0.39% 0.81% 1.21%
0.35% 0.72% 1.08%
0.27% 0.50% 0.72%
0.33% 0. 684% 0.94%
0.32% 0.73% 1.12%
0.30% 0. 54% 0.76%
0.30% 0.58% 0.84%
0.37% 0.70% 1.01%
0.32% 0.58% 0.81%
0.31% 0.87% {}.82%
0.33% 0. 594 0.83%
0 52% 1.35% 2.156%
4.71x 16.89.. 28.92%
0,33% g.62:. 0.9%0%
0.28% Q.49% 0,69%
-0.17% -1.43% ~2.92%
0.69% 2.01% 3.22%
0.76% 2.25% 3.47%
0.24% 0.32% 0. 39%
0.36% 0.71% 1.04%
0.33% 0.61% 0.88%
0.28% u.21% 0.12%
0.67% 1.81% 2.96%
0.37% 0.70% 1.01%
0.39% 0.70% 0.99%
-0.33% ~1.44% -2.61%
0.41% ; 1.18%
-0.19% ~1). 90%
0.448% | 23%

(a) For a definition of these

(b} See Table 2, last column.

cases, see Appendix B.

30

where :

QHH = QNN = Quw = 1 (40a)
and from equation (30):

15 _ 15.-1 , 84 _ 84
a, = (67 - E)T (G -6 (40b)

15 _15.-1 , 85
ey = (67 - GT) (67 -

85
2 €7

e

(40c)

3 . . (o) . ; (1)
with G denoting th t =
" oting the elasticity of mﬁwmv‘ i=17, with respect to mm+~.u

(taking into account the fuel substitution effect - - see equation (29)).

Also, from equation (35):

- 15 ~ 85
Gpp = mHgy 3 Gy = mHg (40d)
and
L 15 ~ 84
Gyp = mHyg 3oagy = - Hgg (40e)

41

where :w stands for the elasticity (defined by equation (35)) of mAWW .
g+l

(L

ith r -
with respect to mm+N.u_ .

Finally, equations (30) and (35) also give:

15,~1 x X

15
G - G, ) Anm - OHV . X3 (40f)

mu = AH G

19
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Table 4 ADDITIONAL CHANGES IN THE DEMANDS BY SELECTED INDUSTRIES FOR

DIFFERENT FUELS INDUCED BY THE FALL IN THE PRICE OF IMPORTED

CRUDE OIL
Mid-range Elasticities ()

2 WHEAT-SHEEP ZONE 0.00 0.19 -0.19 0.00
12 FERROUS METAL ORES 0.00 0.43 -0.43 0.00
18 MEAT PRODUCTS -1.00 0.75 -0.34 0.17
50 OTHER BASIC CHEMICALS -0.57 0.81 ~0.34 0.13
58 CLAY PRODS: REFRACT'S ~1.01 1.08 ~-0.30 0.78
63 BASIC IRON AND STEEL 0.00 0.53 -0.50 ~-0.21
64 OTHER BASIC METALS -0.562 0.38 -0.17 0.04
88 OTHER CONSTRUCTION -0.45 1.10 -0.32 -~0.22
89 WHOLESALE TRADE ~0.39 0.84 -0.25 -0.09
90 RETAIL TRADE ~0.39 0.85 -0.28 ~-0.08

Low mwmmnwnwnummﬁmv

2 WHEAT-SHEEP ZONE 0.00 g.00 .00 0.00
12 FERRCUS METAL ORES 0.00 0.00 0.00 ° o0.00
18 MEAT PRODUCTS -0.87 0.29 ~0.18 0.11
50 OTHER BASIC CHEMICALS -0.22 0.31 ~0.14 0.08
58 CLAY PRODS; REFRACT’'S ~0.70 0.70 -0.19 0.70
63 BASIC IRON AND STEEL 0.00 0.18 -0,29 ~0.18
64 OTHER BASIC METALS -0.23 0.08 ~0.05 ~0.08
88 OTHER CONSTRUCTION -0.22 0.27 ~0.16 ~0.16
89 WHOLESALE TRADE -0.19 0.21 -0.13 ~0.08
90 RETAIL TRADE ~0.20 0.21 ~0.13 ~0.08

High Elasticities (&)

< WHEAT-SHEEP ZONE 0.00 ¢.37 -0.37 0.00
2 FERROUS METAL ORES 0.00 0.84 ~-0.84 Q.00
18 MEAT PRODUCTS -1,34 1.19 -0. 50 0.23
50 OTHER BASIC CHEMICALS -0.93 1.30 -0.53 0.18
58 CLAY PRODS; REFRACT’S ~1.32 1.48 -0.44 0.87
63 BASIC IRON AND STEEL 0.00 0.89 -Q0.70 -0, 25
64 OTHER BASIC METALS -0.81 0.68 ~-0.27 0.1b
88 OTHER CONSTRUCTION -0.68 1.93 ~0,47 -0.29
89 WHOLESALE TRADE -0.59 1.47 .37 -0.08
S0 RETAIL TRADE -0.59 1.49 -0.37 . -0,09

Table |

ENERGY VUSAGE BY MAJOR ENERGY-USING TNDUSTRLES

ENERGY USAGE ($M)

(a)

The figures shown in this Table are the values of mmwv for fuel i,

ij
industry j (see text, equation (5)). These values show the additional
percentage increase AwaVvoV. or decrease AmMWVon in the demand for

fuel 1, as induced by interfuel substitution following the 10 per cent
fall in the price of imported crude oil.

These refer to settings of the interfuel substitution parameters -- gee
Appendix B.

28

(i=16) (i=17) (1=58) (i=86) (i=87)
INDUSTRY DESCRIPTION BLACK CRUDE REFINED

COAL OIL FUELS ELEC GAS

2 Wheat~Sheep 0.0 0.0 44,1 10.7 0.0
12 Iron Ores 0.0 0.0 10.5 24.8 0.0
18 HMeat Products 3.0 0.1 22,1 hé 4 2.2
50 Other Basic Chem. Products 1,2 0.4 36.3 21.4 4.4
58 Clay Products 2.5 1.6 11.6 12.5 2.5
63 Basic Iron & Steel 164.7 0.2 3.4 71.6 3.2
64 Other Basic Metals 15.0 10.5 25.5 51.6 2.9
88 Non-Residential Buildings 0.2 0.2 98.0 15.8 3.2
89 Wholesale Trade 1.9 0.2 67.7 30.3 7.3
80" Retail Trade 2.7 0.5 43.6 53.4 10.8
TOTAL ($) 191.2 13.7 390.8 336.5 36.6
TOTAL (%) 6.8 2.0 25.3 15.3 22.6

SOURCE: ORANI 77-78 data base (Blampied, 1985)
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Next, we want to estimate the effect of interfuel substitution.

€)]
ij

then the given shock (namely, a fall in the price of imported crude oil)

This is indicated by the term a'’ in equation (5). If mmvv 0 (<0,

will additionally (i.e. relative to standard ORANI) increase (reduce)
(€3]
13 _ per cent.

industry j's demand for fuel i by _m Due to cheaper oil

prices, industries switch away from black coal and electricity (and to
some extent also natural gas) into petroleum fuels. Relative to standard
ORANI, this effect appears as if it were due to 'technical progress'
with respect to the use of black coal and electricity, and 'technical
progress' with respect to the use of petroleum fuels. The first and
third columns of Table 4, thus, are all negative, while the second column
is all positive.
-,

negative a;| s.
13

The fourth column shows a mixture of positive and
This is because a substitution away from gas into
petroleum fuel in some cases is counter-balanced by a substitution into

gas from black coal and/or electricity.

‘Technical progress' (or regress) as induced by interfuel substitution

is not 'Hicks-neutral' across all industries as indicated by the different

magnitudes of wmwv across industries j's (Table 4). This is explained
by the fact that interfuel substitution elasticities :w K’ fuel

»
shares mMMWVu > and fuel price changes vawvu > vary across industries,

(Note, however, that the imposed assumption of constant fuel shares across

the domestic/imported sources has implied that the interfuel substitution

(1) 0.

effect is Hicks-neutral across the sources, i.e. wﬁwmvu =

If we regard standard ORANI results as representing the fincome
effect' of the crude oil price change, and ORANI-FUEL results as

representing the 'substitution effect', then it is clear from Tables

26

Table 2 PERCENTAGE CHANGES IN INDUSTRY OUTPUT LEVELS CAUSED BY A 10 PPER CENT
REDUCTION IN THE PRICE OF IMPORTED CRUDE OIlL - ENTES HON
PARAMETERS SET TO THEIR MID-RANGE VALUES
Total . Standard + ORANI- Relativicy
Industry Effects ORANI FUEL (b) + (a)
(a) (b) x 100
1 PASTORAL ZONE 0.3553 U.3533 0. uu24
2 WHEAT-SHEEP ZONE 0.3311 0.3296 0.06016
3 HIGH RAINFALL ZONE 0.4538 U.4513 U.oLEs
4 NORTHERN BREEF 0.68897 0.6957 0.0041
5 MILK CATTLE AND PIGS 0.2394 0.238u 0.0014
6 O.wbmzam:n>w.wmcH%FZCQv 0.7063 0.7026 0.0037
7 O.FARM(VEG, COT, SEEDS,ETC) ©.2387 0.23h% v.outY
8 POULTRY 0.3531 0.35610 0. 00
9 AGRICULTURAL SERVICES 0.3241 0.3224 Uo7
10 FORESTRY AND LOGGING -0.1250 0.1232 -0.0018
11 FISHING AND HUNTING 0.1565 0. 1557 0, 0007
12 FERROUS METAL ORES 0.3878 0.3852 0.u026
13 NON-FERROUS METAL ORES 0.5962 0.5924 0.0038 . 4%
14 mr>ox COAL i 0.7616 0.7582 0.0034 0. 45%
16 OIL, GAY & BROWN COAL 0.68238 0.6231 0. 00u7 [SI 44
16 OTHER MINERALS 0.1573 0.1552 .00zl 1.a5%
17 SERVICES TO MINING 1.3141 1.312% 0.0018 . 1ay
18 MEAT PRODUCTS G.6855 0.6617 0.0038 0.58%
18 MILK PRODUCTS 0.0179 0.0177 0.0001 0.61%
20 FRUIT AND VEGETABLES Q.0267 0.0265 0.0001 0. 40%
21 MARGARINE, OILS & FATS 0.1500 0.1491 U. 000y 0.63%
22 FLOUR & CEREAL PRODS. 0.1116 0.1108 0.0007 0 61%
23 BREAD CAKES & BISCUITS 0.0154 0.0153 G.u001 ..ww&
24 CONFECTIONERY & COCOA 0.0405 0.0402 G.0002 mm&
25 OTHER FOOD PRODUCTS 1.2255 1.2191 0.0084 3. 5H2%
Nm SOFT DRINKS & CORDIALS 0.0315 0.0312 0.0003 .wm&
<7 BEER AND MALT ~0.0033 ~0.0034 0.0001 38%
28 OTHER ALCOHOLIC DRINKS 0.1256 0.1248 0.0007 54%
29 TOBACCO PRODUCTS 0.0292 0.0291 0.0001 ..c&
30 COTTON GINNING ETC. 0.8208 0.8175 0.0033 1. 53%
31 MAN-MADE FIBRES, YARNS 0.7887 .7838 U.u048 63
32 COTTON YARNS & FABRICS 0.5614 0.55676 0.0038

a3
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