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Abstract

Electric energy is one of the most significant production inputs in various industries,
especially energy-intensive industries. As an incentive for industrial activity, this input is
delivered to Iranian industries at prices below their cost. In one sense, this type of pricing
has made energy-intensive industries profitable, while on the other hand, it has reduced
investment in electricity generation industries. The current study uses published data from
2003 to 2019 of the country’s industries to identify energy-intensive industrial groups. Their
production function estimate using dynamic, per capita panel model. On the basis of the
marginal production value of these industries, the economic value of electric energy input
was calculated. This study indicates that in the energy-intensive industry of “Manufacture
of chemicals and chemical products”, the short-term and long-term economic value of
electric energy input is approximately 5.6 to 6.5 times the average price paid for it. This
ratio is approximately 1.8 to 2 in the “Manufacture of other non-metallic mineral products”
and 1.4 to 1.7 in the “Manufacture of basic metals” energy-intensive industries. The average
of this ratio is about 2.9 to 3.5 for entire Iranian industry ranges.
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1. Introduction

Industrial energy, including electrical energy, makes up a significant portion of the
Iranian energy consumption. Statistics from the energy balance sheet (Ministry of
Energy, 2010-2021) show that during 2003 to 2019, the industrial sector has seen an
increase in energy consumption from 20% to 25%. Statistics of energy consumption in
industrial manufacturing with 10 workers or more, published by the Iranian Statistical
Centre (2011-2019, 2022) among different industrial activities, show that "Division 20:
Production of chemicals and chemicals," "Division 23: Production of other non-metallic
mineral products" and "Division 24: Production of base metals" averaged 29.5%, 24.6%,
and 20.4%, respectively. So, these three groups of industries consume about 75% of the
country's industrial energy. As a result, these three industrial groups are the most energy-
intensive in the country (Azadeh et.al. 2008).

3. Method

In order to estimate "economic value", several methods are available. Production
function-based method of measuring economic value is appropriate for inputs that are
used in a production process and whose final output has a market value. In particular,
Cobb-Douglas production functions have been used to describe a wide range of
production processes and have proved useful for studies related to input productivity
(Besanko et.al. 2020).

The input of interest in this study is "electrical energy" in kilowatt-hours, indicated by
the symbolE. Other inputs for industrial production are "labor" denoted by the symbolL,
and "value of capital stock" indicated by the symbolKv. In addition, industrial activities
involve inputs such as "primary materials and raw materials", "used fuel" and so on. A
sum of the value of these inputs (except electricity) is termed "the value of other inputs to
industrial activities except electricity" and it is shown byMv. In addition, Qv indicates the
value of the outputs of industrial activities. The data of input and output values is
presented in Rials, which has been adjusted to the fixed price of 2013 using the producer
price index (Statistical Centre of Iran, 2021).

It should be noted that the input "capital stock value" (Kv) is not included in the
statistical tables. Capital stock can be estimated using a variety of methods. For this
research, the "net investment exponential trend" method is used. According to this
method, net investment increases over time with a constant rate of increase (Tahamipour,
2016).

Taking into account the above variables and utilizing Cobb-Douglas production
functions, the panel model can be derived as follows, where i represents the cross-section
(sub-industry) and ¢t represents the time series of data:

ln(Qvi,t) =g, + alln(Li_t) + azln(Ei‘t) + a3ln(Mvi‘t) + a4ln(Kvi,t) (6)
The model's intercept (ap;) represents the individual characteristics of each cross-

section. Relation (6) is considered as a per capita panel model in order to reduce the
collinearity and to increase the reliability of the desired model:

v; E; Mv; Kv;
In (Q M) = ay; + ayln <i> + a3ln< l't) + a4ln< m) @)
Lyt Lt Lt L

Production functions determine the maximum amount of output the company can

produce using the specified level of inputs. Based on the hypothesis of adaptive
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expectations, desired and optimal values of inputs may be expressed in terms of the actual
values of the inputs. As a consequence, the autoregressive dynamic per capita panel
model of the production function can be obtained as follows by assuming the influence of
the interruption from the previous period (Gujarati &Porter,2009), (Suri,2021):

Qv; t) (Eit> (Mvit> (Kvit> <Q17i t—l)
In =) =ay, +azin|—= |+ azln|{—=| + a,ln = +yln|{—— 8
( Lyt 0T T Ly : Ly U\ Ly Liey ®

The partial derivative of the product value with respect to the desired input is used to
determine the elasticity of the product value with respect to the electricity input (€qy,g):

_0Qu/Qu
€Que = W (10)

Therefore, the a, coefficient in the dynamic per capita production function model (9)
is equal to the elasticity of product value with respect to electricity input. Additionally,
the economic value of a desired input is equal to its marginal productivity within the
production process. Hence, the economic value of electricity input can be calculated
using the following relationship (Lim & Yoo, 2016):

EVE=%=%XEQU,E=%X% (11)
In the estimation of the panel model, inputs and outputs are used at the fixed price of a
base year, so the average economic value of electricity in each sub-group industry can be
calculated based on the average economic value in each year. Therefore, if the number of

years under study isT, we have:

T
1 v; 1%
= ¢ "X €gup =ETL><042 (12)

4. Discussion

Based on data related to 20 sub-industries as cross-sections and since 2003 to 2019 as
time series in the structure of a panel model, the coefficients of this model have been
estimated. A summary of the estimation results is presented in Table 1.

The elasticity of the product value with respect to the amount of electricity input
(€gv,g), 1s determined by Table 1 and equation (10), is 0.029741. As a result, by applying
equation (12), the short-run economic value of electric energy input can be calculated for
each of the subgroups of energy-intensive industries.

Based on these results, as shown in figure (1), the subgroup "Class 2021: Manufacture
of pesticides and other agrochemical products" has the highest economic value among the
20 subgroups of energy-intensive industries in the country during the studied years and is
equal to 6602 Rials. As well, the lowest economic value is associated with the subgroup
"Class 2394: Manufacture of cement, lime and plaster" equivalent to 345 Rials (all Rials
adjusted to the fixed price of 2011).

For the purpose of comparing the economic value of electricity input in energy-
intensive industries, the above procedure was conducted using data for the entire
country's industries as well as a dynamic per capita production function model. During 17
consecutive years from 2003 to 2019, a total of 122 sub-industries with four-digit ISIC
codes were considered as cross-sections in this estimate. According to these results, the
average short-run and long-run economic value of electric energy input in the country's
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industries was equal to 1945 Rials and 2380 Rials (adjusted to the fixed price of 2011),
respectively, from 2003 to 2019.

5. Conclusion

According to these results, the short-term and long-term economic values of electric
energy input in the energy-intensive industry and the average price paid for it shown in
figure 3. As shown, the economic value created by this input in "Division 20" industry
group is approximately 5.6 to 6.5 times that of the average price paid. In "Division 23"
this relation is approximately 1.8 to 2 and in "Division 24", is about 1.4 to 1.7
Furthermore, the average short-term and long-term economic value of electric energy in
the entire industry of the country is 1945 and 2380 rials, respectively, and the average
price paid is 682 rials. Consequently, the ratio of economic value to price paid in the
entire industry ranges from 2.9 to 3.5.

Therefore, the economic value generated by the input of electric energy in the energy-
intensive and average industry sectors of the country is greater than the price they pay for
this input. So, it is suggested that when determining the tariff for energy inputs,
particularly electric energy for industry and especially for energy-intensive industries, the
economic value of that input should be considered in each industry group. The pricing
based on its economic value makes both the electricity producer benefit from its income
and contribute to the growth and improvement of the electricity industry production, and
for the consumer industry, a fair price is generated based on their share of the final value.
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Tab. 2: Breusch-Pagan Lagrange Multiplier Test Results for Production Function Model.
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Tab. 3: Hausman Test Results for Production Function.
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Tab. 4: Coefficients Estimating Results of the Production Function Fixed Effect Panel Model
for Energy-Intensive Industries.
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Tab. 5: Coefficients Estimating Results of the Per Capita Production Function Fixed Effect
Panel Model for Energy-Intensive Industries.
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Tab. 6: Coefficients Estimating Results of the Dynamic Per Capita Production Function Model
for Energy-Intensive Industries by Instrument Variable.
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Graph. 1: The Average of Economic Value for each Kilowatt-Hour of Electrical Energy in 20
Subgroups of Energy-Intensive Industries During the Years 2003 to 2019.
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Graph. 2: The Average Economic Value of each Kilowatt-Hour of Electrical Energy Input in
Three Energy-Intensive Industries During the Years 2003 to 2019.
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Tab. 7: Coefficients Estimating Results of the Dynamic Per Capita Production Function Model
for Entire Country's Industries by Instrument Variable.
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Graph. 3: Average Long-Run and Short-Run Economic Value and Average Price Paid per

Kilowatt-Hour of Electrical Energy Input in Energy-Intensive Industries and Entire
Country's Industries During the Years 2003 to 2019.
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