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Simple time trend variables in factor demand models can be statistically powerful
variables, but may tell the researcher very little. Even more complex specification of
technical change, e.g. factor biased, are still the econometrician's "measure of ignorance"
about the shifts that occur in the underlying production process. Furthermore, in periods
of rapid technology change the parameters based on time trends may be too large for long
run forecasting. When there is clearly identifiable engineering information about new
technology adoption that changes the factor input mix, data for the technology adoption
may be included in the traditional faaor demand model to economically model specific
factor biased technical change and econometrically test their contribution. The adoption
of thermomechanical pulping (TMP) and electric arc furnaces (EAF) are two electricity
intensive technology trends in the Paper and Steel industries, respectively. This paper
presents the results of including these variables in a tradition econometric factor demand
model, which is based on the Generalized Leontief. The coefficients obtained for this
"engineering based" technical change compares quite favorably to engineering estimates
of the impact of TMP and EAF on electricity intensities, improves the estimates of the
other price coefficients, and yields a more believable long run electricity forecast.
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Introduction

Simple time trend variables in factor demand models can be statistically powerful
variables but may actually tell the researcher very little. Even more complex
specifications of technical change (e.g., factor biased) are still the econometrician's
"measure of ignorance" about the shifts that occur in the underlying production process.
Furthermore, in periods of rapid technology change, values for parameters that are
estimated on the basis of time trends may be too large for long-run forecasting. When
clearly identifiable engineering information about the adoption of a new technology would
change the factor input mix, data on the technology adoption may be included in the
traditional factor demand model to model specific factor-biased technical changes and
econometrically test the contribution. The adoption of thermomechanical pulping (TMP)
and electric arc furnaces (EAFs) are two electricity-intensive technology trends in the
paper and steel industries, respectively. This paper presents the results of including these
variables in a traditional econometric factor demand model, which is based on the
generalized Leontief. The first section of the paper describes the underlying theoretical
approach of the model and the two alternative specifications of technical change. The
second part presents the parameter estimates and statistical tests of the technical change
specifications. Part three compares the two approaches of technical change as forecasting
tools.

Modeling Approach

Because energy usage per unit of output is a convenient variable to analyze both
economic and engineering relationships, a functional form amenable to this dependent
parameter was chosen. The functional form was also selected to be consistent with the
engineering notion that a fixed set of technological relationships exists among inputs at
any given time. The form chosen was the Leontief production or cost function (named
after Wasily Leontief, who developed input-output analysis; see Lectief 1941; 1947).
However, this particular functional form was found to be too restrictive because it does
not allow for any substitution or conservation of production factor inputs as a response
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to price changes. Therefore, an extension of the cost function that is dual to the Leontief
production function is employed in the theoretical model. This generalized Leontief
function, developed by Diewert (1971), is a so-called flexible functional form, which
allows the elasticities of substitution and scale to change with output or factor proportions.

Functional Form

The functional form selected for use in this study represents the production
function as follows:

Q = f(K, L, E, F, M, U. T) (1)

where:

Q = real value of shipments

K = capital services,

L = flow of labor.

E = electricity input,

F = fossil fuel input,

M = intermediate materials, and

U = capacity utilization rate

T = technology trends described below.

This production function includes a nonstandard element, the capacity utilization
rate (U). Such production functions are theoretically correct only in those cases involving
disequilibrium models (i.e., models in which the firm is not on the production frontier).
The generalized Leontief form is consistent with a long-run equilibrium model of the
production process. Because the industrial sector underwent several price and market
shocks over the period being modeled, a disequilibrium model is appropriate. In fact, a
family of such models can be distinguished by varying the capacity utilization rate. The
inclusion of this capacity utilization parameter is thus an expedient way to single out one
model in this family. By including capacity utilization effects, the theoretical model
departs from the theoretical basis of duality and cost function analysis. Although its
treatment is ad hoc, it controls for the effects of recessions. Without this variable, the
energy price responses would most likely be. biased, since the energy price shocks of the
1970s were contemporaneous with major recessions. Because of the short-term fixity of
energy use in the materials processing industries, the energy output ratio rises during
recessions.

In the theoretical model described here, the output is the result of a flow of inputs,
given a capacity utilization rate and a technology. The specific version of the generalized
Leontief cost function, C, used in the theoretical model is written as follows:



C(Q, p, z) = Q Y, E <\ P.1"" p/"+ E E Y* P, z,

(2)

where:

Z = a vector of m additional variables used to predict factor
intensities;

P. p, = vector of prices with p, price of i* factor,

Q = output

ij = all production factor inputs: K, L, E, F, and M:

k = U, DT, or T:

a,j, Ya = KS &£ parameters of the cost function

DT = industry-specific technological change.

Optimal input demand for the fth input, X,*, is then represented (according to Shephard's
Lemma) as follows:

X," = 8C/Bpi

n m

= Q ^ a (p/p)!/2 + Q E Yk
 Z i

I-I U J ' *-! ( 3 )

Because the focus of the theoretical model is on energy-intensity functions, Q is moved
to the left side of the equation and a function that is linear in variables as well as in
parameters is estimated. Furthermore, the form is limited to equations for purchased
electricity and for fossil fuels. (This is a significant departure from the factor demand
literature, since factor demand equations for capital, labor and materials were not
estimated. This paper presents interim results from an ongoing research program. In the
future, a quasi-fixed cost function will be employed, with fixed capital stock and factor
demand equations for labor and materials added to the system.) Specifically, these are
as follows:

y E T T
(4)
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Like Diewen's form, this form assumes symmetry, in that are = % . The additional
variables (Z) used to predict the factor intensities include capacity utilization rate (U) and
the two alternative specifications for technical change -- industry-specific technological
change (DT) and level of technology (T).

To introduce a dynamic element into the model, a four-year moving average was
used to calculate energy prices. The original idea was to model the impact of prices by
using a four-year equally weighted price. This method was intended to accommodate for
the ability of firms to smooth out price fluctuations through contracts and other measures
as well as to recognize any turns in the price series. The average would also mitigate any
randomness in the data. A moving average is a linear rime-invariant filter. When the
models are estimated using an autoregressive structure, this procedure is again a case of
applying a filter via the partial differencing operation. This two-filter procedure has been
known to introduce specious cyclical behavior, which is known as the Yule-Slutsky effect
(See page 81 of Harvey [1987] for a discussion of this problem.) Thus, in effect, some
of the theoretical model's results reported on here may have been influenced by the way
that the data were treated. This issue will be tested in future analyses.

The present analysis focuses on key energy-using subsectors rather than on
industry as a whole. Accordingly, equations 4 and 5 were estimated for the appropriate
three-digit energy-intensive subsectors of the paper industry (SIC 26) and steel industry
(SIC 33) groups (see Table 1). Only the energy-intensive, basic materials portion of the
two-digit sector was used. A discussion of issues related to energy-intensive industries
and upstream versus downstream production trends can be found in Boyd et al. (1990).

Alternative Specifications of Technical Change

A typical approach to technology change in an econometric cost function
framework is to treat the level of technology as a time trend. For some functional forms
(e.g., transiog), the parameter of the trend term' is the exponential growth rate. For the
generalized Leontief, it is a linear trend in factor intensity. In this case, if the linear form
is used, one finds that for forecasting, the predicted

Table 1 Energy-Intensive Subsector of the Pulp and Paper
(SIC 26) and Primary Metals (SIC 33)

Industry
SIC C<x}es Description NEA Sector

261,262,262, Basic (upstream) paper 2*020,24990
and 266

Ferrous metals (iron .7011, 37012. 37990
331,332, and 339 and steel)



factor intensities may become negative. To avoid this situation, the work of Walfridson
(1987) was followed.

The level of technology is measured by accumulated intensity. For all industries,
the term T is used to estimate exogenous, factor-biased levels of technology and is defined
as a declining sum of past energy intensities. Thus, recent experience is more heavily
weighed than past experience, as represented by this formula:

T l t = [ T u , • ( X , , / Q t , ) ] / (1 . ut) ( 5 )

where p = an industry-specific parameter. (In the present analysis u is set at 0.05; in
subsequent work, this parameter will be estimated. The choice of 0.05 is based on a
roughly 20 year capital lifetime.) This formulation of technological changes allows the
estimated coefficient to approximate either a declining or a constant exponential growth
rate. The numerator treats technological change as a function of the sum of either
historical energy intensity or energy requirements per unit of output.

The penetration of specific electricity-using technologies (i.e., EAFs in the steel-
making industry and TMP in the paper industry) is measured by the percent of (tonnage)
output produced by these two technologies, as reported by the respective trade
associations. This penetration is further transformed by an engineering estimate of the
maximum potential penetration, based on the limitation of the technologies to produce a
limited class of paper and steel products. (Details of this are available from the authors
on request.)

Econometric Analysis

This section describes the econometric analysis performed for this study. The
analysis was performed using PC Version 4.2 of the Times Series Processor (TSP)
software package. Single-equation and two-equation systems were estimated, with cross-
equation restrictions imposed in the system. The two-equation systems were statistically
justified, based on log-likelihood chi-square tests. The systems were run as iterative
Zellner seemingly unrelated regressions.

Conventional Tests of Significance

Log-likelihood chi-square tests indicated that for the upstream paper industry (SIC
26U). the industry-specific measure of technology is jointly significant in the two-equation
system, whereas the factor-biased measure of technology is jointly insignificant. In
addition, as reported in Table 2, the industry-specific measures were each significant
according to their respective t-stan'stics; the factor-biased measure was significant only in
the electricity equation according to t-statistics. The industry-specific measure was
significant in both equations when that measure alone was included in the system: the
factor-biased measure was significant in the electricity equation but not in the fossil fuel
equation when that measure alone was included in the system. Thus, when one is faced
with a choice between the two technology measures, it would seem preferable on the basis
of conventional tests of significance to include the industry-specific measure in the
two-equation system for the upstream paper industry.

For the ferrous metals industry (SIC 33FE), a preference for one of the technology
measures failed to emerge on the basis of log-likelihood chi-square and t-tests. When



both measures were included in the system, both were jointly insignificant, and the only
significant incliviuaai coefficient was that on the factor-biased measure in the electricity
equation. As reported in Table 2, when the system was estimated including either the
factor-biased or the industry-specific measures, the same pattern of t-tests as in the basic
paper industry emerged: the industry-specific measure was significant in both equations,

Table 2 Parameter Estimates (t-ratio in parentheses)

SIC

Code

26U

26U

33FE

33FE

Dependent

Variable

F/Q

E/Q

F/Q

E/Q

F/Q

E/Q

F/Q

E/Q

a

10.24

(6.10

-0.82

(-3.00
7.70
(1.90

•0.26
(-1.50

12.22
(3.90
-0.43
(-4.80
8.24
(1.10
0.10
(1.10

1.77

12.40

1.77
12.40
1.52
5.00

1.52
5.00
1.28
5.70

i.28
5.70
0.86
3.50
0.86
3.50

a*

-22.06
-3-50

-1.86
-1.50

3.22
0.30

-3.90
-3.40

5 3 3
0.70
-0.63
-0.90
-7.73
-1.10
1.35
2 3 0

H.

15.78

4.20

1.27
1.50
-6.66
-0.90

1.90
2.50
15.04
2.60
2.57
5.00
16.00
2.50
1.84
3.80

-11.99

-3.40

2.72
1.90

13.08
1.40

134

130

-26.65
-3.50
-2-50
-3.20

-17.97
-230
-2.99
-5.60

&u

-4.95

-2.80

-0.39
-3.00
-9.28
-2.60

-033
-4.70

-0.18
-0.20
-0.06
-1.80
031
0.80

-0.15
-5.40

_

-
-
-

0.01
0.80

0.03
2.70

-
-
_
—

-0.03
-0.40
0.06
6.80

-68.78
-930)

6.35
3.80)

-

- )
_

—)
-12.09

-2.70)

1.20
5.70)

—

- )
-

- )

whereas the factor-biased measure was significant only in the electricity equation. When
one is faced with a choice between technology measures, there does not appear to be a
strong case on the basis of conventional tests of significance for including one measure
over the other in the system of equations for the ferrous metals industry.

Own-Price Elasticities

Estimated own-price elasticities varied widely depending on whether the industry
specific or the factor biased measure of technology was used in estimation of the two-
equation system. Elasticities were calculated for the period 1962 through 1985 using
estimated coefficients from the two-equation system. Mean elasticities under each of the
measures of technology are reported in Table 3. For both industries, the electricity
demand elasticity was higher when the industry-specific technical change was included.
In other words, when the electrification trend in an industry is more carefully specified,
the industry is actually found to be more sensitive to the energy prices than previously
thought For fossil fuels, the effect is reversed in the upstream paper industry, and almost
no change occurs in the ferrous metals industry. The result for 26U may be suspect, since
there is also a contemporaneous trend toward increase use of by-product fuels, which is
not captured by our analysis.

Interpretation of Engineering Parameters

The modeling analysis uses a mixture of traditional economic modeling and
engineering data in obtain improved estimates of energy intensity. The previous section
focused on traditioii?l economic measures: this section focuses on the engineering side
of the statistical analysis - specifically on the model's parameter estimates (y), which are



associated with the technology-specific variables (DT).
Table 4 shows the three electrotechnology coefficients that were estimated: (A)

the effect of a 1% shift to TMP on the purchased-electricity intensity of the pulp and
paper-making industry (SICs 261, 262, 263, and 266), (B) the effect of the same shift on
fossil fuel intensity, and (C) the effect of a 1% shift to EAF on the purchased-electricity

Table 3 Comparison of Elasticities with Alternative Specification of Technical Change

Industry
Description

Upstream
paper
Ferrous
metals

SIC

26U

33FE

Factor-Biased

Fossil Fuel

-0.49

-0.12

Measure

Electricity

-0.85

-0.43

Industry-Specific

Fossil Fuel

-0.19

-0.17

Measure

Electricity

-1.16

-0.77

Table 4 Comparison of Coefficients Based on INRAD Estimates with
Those Based on Engineering Analysis

Affected
Electrotechnology Energy Estimated Engineering

Coefficient Being Shifted to* Intensity Coefficient'' Coefficient

A TMP Electricity 3.8 3.T
B TMP Fossil fuel -68.8 Between 0 and -200
C EAF Electricity 1.2 0.75"

"Represents a 1% shift to TMP or EAF technology.

'The intensity coefficients being modeled are in units of 1012 Btu/SlOO
million (1972 dollars) of output.

TBased on 2000 kWh of energy used per ton of pulp produced by TMP.

aBased on 700 kWh of energy used per ton of steel-mill product produced
by EAF.

intensity of the iron- and steel-making industry (SICs 331, 332, and 339). The estimated
coefficients are in remarkably good agreement with engineering estimates for the
electricity components. For fossil fuels, it is much harder to make an engineering
estimate. Only a broad range for 26U is shown. No estimate for 33FE is made.

Technology Penetration and Energy Intensity Forecasts

The penetration of technology is usually described by an adoption and diffusion
model. However, because TMP and EAF technologies cause changes in energy use, they
may be affected by energy prices. Both these technologies create major shifts in the
pattern of fossil fuel versus electricity use. The logit model is usually applied to model
this market adoption. Logit function analysis of the national production shares of TMP



and EAF is used to determine how prices affect the penetration of major process changes.
The analysis presented here is based on a simple logit function analysis of national data
on EAF and TMP market shares.

The logit equation is based on the following logistics equation:

S = A[en/(1 - en)] (6)

where:

S = market share,

A = maximum market share, and

r = penetration parameter being estimated.

This equation may be transformed into a linear equation:

ln[s/(l - s)] = c + it ( 7 )

where:

s = S/A, and

c = parameter being estimated.

It is also possible to add other explanatory variables to the logit model. This is
accomplished by appending additional linear terms to equation 7.

The logit analysis of national market share requires estimates of the technology's
maximum penetration. Engineering estimates of this maximum are imposed, since distinct
engineering limits need to be represented. Production shares of 11% for TMP and of 55%
for EAF were used for current estimates and forecasts. For future forecasts, recycling
and other materials policies might have significant effects on these limits.

The parameters of the logit model are summarized in Table 5. The price term is
the log of the ratio of electricity prices to fossil fuel prices. In both the EAF and TMP
equations, the coefficient has the correct sign but is only marginally significant. The
inclusion of prices in the logit equations did not significantly improve the statistical fit,
thus suggesting that energy prices do not have a large impact on the decision to adopt
these process changes. The size of the coefficients indicates that TMP is being adopted
very rapidly and EAF is being adopted more slowly. Because the price coefficients are
not significant, the forecast is based on trend estimates for each technology (see Fig. 1).

To illustrate the differences between the two models, we forecast the electricity
intensity implied by the two specifications of technical change. Because the price
coefficients are not significant, the forecast of technology penetration is based on trend
only logit model for each technology. We hold all prices constant for a 50-year forecast,
so that only the impact of technical change is shown. In Fig. 1 the dark lines are for
ferrous metals and the light lines are for upstream paper, with the dashed line representing



the technology specific logit function based electricity intensity forecast The solid line
represents the damped exponential factor biased growth rate estimates. The effect of the
damped exponential growth gives a nearly linear increase in energy intensity over the 50-
year time horizon.

For the steel industry, EAF is nearly saturated in 1990 (38% vs. market potential
of 55%) and so the electricity growth is almost zero by 2010. This is in stark contrast
to the doubling of electricity intensity implied by the trend based, factor biased forecast.

The upstream paper industry shows a different pattern. TMP penetration is still
on a sharp upswing, causing electricity intensity to rise rapidly by about 50% in the first
15-20 years. The factor biased-estimate is much more conservative, although the two are
quite close to one another by 2040.

Table 5 Results of National Technology Market Share Analysis

Technology,
Time Period,

and Term

TMP (1977-1985)
Constant term
Trend term
Price term
R-bar

EAF (1958-1985)
Constant term
Trend term
Price term
R-bar2

Trend

Coefficient

-8.955
0.306

0.936

-2.055
0.087

0.979

Estimates of
Coefficient

Analysis

t-radio

-13.16
10.89

-50.62
35.703

Logit Function
s and t-Ratios

Price

Coefficient

-6.925
0.320

-1.653
0.942

-1.585
0.080
-0.2067
0.979

Analysis

t-radio

-4.17
11.2
-1.32

-4.50
13.6
-1.34



Conclusion

In this paper we have shown that the specification of technical change is an important
component of an energy demand model. We have based our approach around an appeal
to the Generalized Leontief factor demand modeling approach, using both a time trend
based estimate of technical change, which assumed no knowledge of the underlying
changes in the production process, and on data from two major electricity using process
s'oifts in the EAF in the ferrous metals subsector of Steel industry (SIC 33) and TMP in
the upstream sectors of the Paper industry (SIC 26). Although we have not been able to
statistically select the "correct" model, we find that the estimates of the effect of EAF and
TMP penetration to be in good agreement with engineering estimates. The version of
technical change affects our estimates of the price elasticities and has a major effect on
the long run forecasting behavior of the alternative models. The choice of model
specification then becomes a choice of the analyst whether to use the technical
information on the process shifts in the industry or to rely on time trends to represent
shifts in the underlying production process.
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Figure 1: Comparison oF Electricity Intensity Forecasts
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