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ENERGY | NPUT- QUTPUT ECONOM CS
WHAT' S THE MATTER ?

Abstract: The purpose of the paper is to show that integrating
energetic resources into input-output analysis does not need any
a priori reformulation of this analysis. In their classical
textbook, MIller and Blair consider that such an integration
needs using «hybrid wunits» in order to satisfy sone «energy
conservation conditions». W show that these conditions are
specifically defined and founded on a particular case, inspired
by empirical data of the U S econony.
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ENERGY | NPUT- QUTPUT ECONOM CS
WHAT' S THE MATTER ?

Energetic resources are inputs of the productive processes. In
the first part of this paper we show that the use of such
resources can be integrated into input-output analysis wthout
any basic change in that analysis. In the second part, we are
concerned with the treatnment of the sane question propounded by
Mller and Blair in their «classical textbook [Mller-Blair
(1985), <chap.6, Energy Input-Qutput Analysis, pp.200-35]. The
main part of their argunent is to consider that it is necessary
to use «hybrid wunits» in order to satisfy sonme «energy
conservation conditions». W show that these conditions are
specifically defined and founded on a particular case, inspired
by empirical data of the U S econony.

W consider a four-sector econony: three sectors are energy
sectors, nanmely crude oil, refined petroleum and el ectric power
The fourth sector, autos, is the only nonenergy sector.

Produci ng energetic goods does not need nonenergetic goods while
produci ng nonenergeti c goods needs energetic goods. An al gebraic
version of this paper could be developed. For our present
purpose, it will be nore convenient to use nunerical data. So we
shall start our argunent wusing the following interindustry
exchanges tabl e:

Crude Oil Refined Electric Autos Final Total Output
Petroleum Power Demand

Crude Qil 0 20 10 0 10 40
Refined 1 3 0 1 15 20
Petroleum

Electric 2.5 1.25 1.25 2.5 12.5 20

Power

Autos 0 0 0 0 20 20
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At the beginning of their book, MIler and Blair note that «in
accounting for transactions between and anong all sectors, it is
possible in principle to record all exchanges either in physical
or in nonetary terms» [Mller-Blair (1985), p.7. Qur italics].
Noting that there are «enornous neasurenment problenms» when
physi cal measures are used, they finally conclude that «for these
and ot her reasons, then, accounts are generally kept in nonetary
terms» » [MIler-Blair (1985), p.7. Qur italics].

There is only a slight difference between our nunerical data and
those used by MIller and Blair [op. cit., Exanple 2, pp.204-5.
Conpare with their mtrices Z* and Y*, p.205]. But it 1is

essential to note that, in our text, goods are neasured in their
own physical ternms. This and the slight difference we introduce
into numerical data wll suffice for the min part of our
argument .

1. Energy Requirenment and Energy Conservation
1.1. The Analysis in Physical Terns

The technological matrix A* associated with our interindustry
exchanges table is the foll ow ng:

00

a=0026 15 0 .050
625 .0625 .0625 .125
0 0 0 0H

The Leontief inverse matrix is:

(1,068 1.298 57 .136(]

[ -a]?=0031 1214 017 ‘083p
073 168 1.106 .147

Ho™ "0 "0 "1H

The matrix a of total energy coefficients is:

1,068 1.298 57 .136[]
a=031 1214 017 0637
5073 168 1.106 .1470

The coefficients of matrix a show the direct and indirect energy
requi renent necessary to produce each product: they can be
interpreted as the energy value of each product, just as we can

compute the [|abour value L[[]—A]_1 of each product in the
tradi tional input-output nodel.
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cases, the first with a margin of profit equal to zero,

second with a positive margin of profit.

- EquilibriumPrices with Zero Margin of Profit

From P=wLl-A™, with L=[l235 and wel, we deduce:

P=[1.351 4.23 3.92 5.702]

Thus, the input-output table of this econony wites:

Crude ail Ref. petr. Elec. power | Autos Fin.dem. |Total

Output

Crude oil 0 27.0157 13.5079 0 13.5079 54.0314

Ref. petr. 4.2303 12.6911 0 4.2303 63.4555 84.6073

Elec. power | 9.8010 4.9005 4.9005 9.8010 49.0052 78.4084

Autos 0 0 0 0 114.0314 114.0314

Wages 40 40 60 100

Tota 54.0313 84.6073 78.4084 114.0313
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- EquilibriumPrices with Positive Margin of Profit

From P=(+AWLfI-(+A)A™, with A=0.2 and w=1, we deduce:

0.104 1.681 .716 .2080

- -1_1040 1.281 .026 .081
[ -L.28]"=B6g3 530 {41 ‘1860

0 00 01y
and:

P=[1.756 5.957 5.031 7.112]
Thus, the input-output table of this econony wites:
Crude ail Ref. petr. Elec. power | Autos Fin.dem. |Total
Output

Crude oil 0 35.1205 17.5602 0 17.5602 70.2409
Ref. petr. 5.9567 17.8702 0 5.9567 89.3515 |119.1353
Elec. power | 12.5773 6.2887 6.2887 12.5773 62.8867 |100.6187
Autos 0 0 0 0 142.2409 |142.2409
Wages 40 40 60 100
Profits 11.7068 19.8559 16.7698 23.7068
Total 70.2408 119.1353 |100.6187 |142.2408
2. «Hybrid Units» and Energy Conservation Conditions
2.1. Throughout chapter 6 of their book, MIller and Blair insist
on the fact that an energy conservation condition should be
satisfied: «This condition will be a fundanental determ nant i

assessi ng whet her

formulation [..

According to MIler and Blair, there have been two generations of
energy input-output nodels. The earlier fornulation of energy
i nput - out put  nodel s, while still «wW dely applied in
literature [... has several serious shortcom ngs; any attenpt
at resolving themw |l have only limted success. The fundanent al
difficulty is a violation of consi stency anbng energy
transactions (the energy conservation condition discussed i
Chapter 6) except under very specific conditions (nanmely, uniform
interindustry prices» [MIller and Blair (1985), p.222.
italics].

In the «hybrid-units approach», energy flows are neasured
«physical » wunits, British thermal wunits (Btus), for exanple,
rather than in dollars, and nonenergy flows are neasured i

or not

a particular
. accurately depicts
econony» [MIller and Blair (1985),
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dollars. According to MIller and Blair, this new approach does
not suffer fromthe limtations of the earlier one: they «show
that the hybrid-units approach yields energy coefficients that
conform to a fundanental definition of energy conservation
conditions» [MIler and Blair (1985), p.217].

The definition they give to the energy conservation condition is
the following: «ln conputing the energy intensity of a product,
we wll distinguish between primary energy sectors (e.g., crude
oil or coal mning) and secondary energy sectors (e.g., refined
petrol eum or electricity). The latter receive prinmary energy as
an input and convert it into secondary energy fornms. Hence, if we
conpute both the total anount of primary energy required to
produce an industry’s output and the total anount of secondary
energy required to produce that sane output, they nust be equal,
net of any energy lost in converting energy from primary to
secondary energy forms, for exanple, electric power production
from coal. Different technologies, of course, have different
energy conversion efficiencies. Hence, our energy input-output
formul ati on should include the condition that the total prinmary
energy intensity of a product should equal the total secondary
energy intensity of the product plus the anmount of energy lost in
energy conversion. W refer to this condition as an energy
conservation condition» [MIller and Blair (1985), p.201. Qur
italics].

MIller and Blair offer a numerical exanple of an econony with one
primary energy sector and two secondary energy sectors. The total
energy requirenent matrix of such an econony is the foll ow ng:

Cr ude Ref i ned El ectric |Autos Fi nal Tot al
al Pet rol eum | Power Denand Qut put
grde 0 20 20 0 0 40
Ref i ned 1 3 0 1 15 20
Pet r ol eum
Electric 2.5 1.25 1.25 2.5 12. 5 20
Power
Aut 0s 0 0 0 0 20 20

From the above table, MIler and Blair deduce the technol ogical
matrix A* of the nodel with hybrid units integrating energetic
resources into the input-output nodel:

00O

=025 A5 0 05
625 .0625 .0625 .125
0 0 0 0H

The first three rows of A* define the direct energy requirenent
matri x.

The Leontief inverse wites:
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(1,109 1.391 1.183 .217(7

[ -a]=0033 1217 1035 ‘06sr,
076 174 1.148 152

Ho "o ~0 "1H

The first three rows of D—Aﬂ*‘ define the total (direct and
indirect) energy requirenent matrix:

[1.109 1.391 1.183 .217(]
a=(3033 1217 035 0650
5076 174 1.148 1527

Energy is conserved in the MIller and Blair sense: the energy
content of the primary good is equal to the total energy
contained in the other two energy goods (for exanple: 1.391 =
1.217+ .174. The first colum is a particular case: one unit of
the primary good i s needed anyway, thus: .109= .033 + .076).

2.2. In our sense, the definition of energy conservation
condition offered by MIler and Blair has no a priori raison
d étre. It needs a particular structure of the econony, the one
in which an energetic good is entirely used for internediate
consunption. In other words, it is not used for final demand (for
exanple, it is not exported).

Such a particular structure of the econony is precisely the one
used by MIller and Blair in their nunerical exanple: crude oil is
not exported. It corresponds indeed to the structure of the
ameri can econony, but it does not constitute the general case.

The nunerical data we have used in 1. correspond effectively to
the general case, in which crude oil can be exported. And, as we
have seen, energy is conserved, in the sense used in physics, a
property we deduce fromthe general structure of the input-output
nodel . According to wus, it is not necessary to begin the
presentation of Energy Input-Qutput Analysis by using a specific
definition of energy conservation, as MIller and Blair do in
chapter 6 of their book.
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