
Citation: Rodousakis, N.; Soklis, G.;

Tsekeris, T. A Supply and Use Model

for Estimating the Contribution of

Costs to Energy Prices. Energies 2022,

15, 6878. https://doi.org/10.3390/

en15196878

Academic Editor: David Borge-Diez

Received: 19 August 2022

Accepted: 16 September 2022

Published: 20 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

energies

Article

A Supply and Use Model for Estimating the Contribution of
Costs to Energy Prices
Nikolaos Rodousakis 1, George Soklis 2,* and Theodore Tsekeris 1

1 Centre of Planning and Economic Research, 106 72 Athens, Greece
2 Department of Public Administration, Panteion University, 176 71 Athens, Greece
* Correspondence: g.soklis@panteion.gr

Abstract: This paper develops a supply and uses a model to estimate the direct and indirect contribu-
tion of costs to the formation of energy prices. The model is implemented into the Greek economy
based on data from the supply and use tables. The findings of the analysis indicate that the main
component of energy prices are profits, mainly distributed to the energy sector itself, and imports,
which mostly concern Mining and quarrying products and Coke and refined petroleum products
imported from non-EU countries. As far as the contribution of the energy sector to the price formation
of the other industries of the Greek economy is concerned, it is found that the energy sector mainly
contributes to the price formation of industrial sectors. The results imply that the containment of
energy prices should be principally based on an income policy that would limit excessive profits
within the energy sector and an import substitution policy towards the exploitation of domestic
mining and quarrying products as well as coke and refined petroleum products.

Keywords: energy prices; input-output analysis; supply and use tables

1. Introduction

The rise of energy prices has become a crucial problem in most national economies
during the last months. The increased energy costs have an immediate adverse effect
on a household’s energy expenditure. Moreover, they affect the other industries of the
economy that are using energy as an intermediate input in their production process. Thus,
it is important to study the intersectoral relationships of the energy sector in order to
assess the impact of the increased energy prices on individual industries and the total
economic system.

By and large, the price of a product can be decomposed to the cost of the factors of
production that have been used in the production process. For instance, if we assume
the existence of two primary inputs in the production process, i.e., labor and capital, then
the price of a product can be decomposed into the cost of labor and the cost of capital
involved in its production. Furthermore, in the more realistic case of multisectoral economic
systems and produced means of production, the reduction of prices to the costs of primary
inputs should take into account two types of requirements. First, the cost of the direct
requirements in the production process and, second, the indirect requirements, i.e., the
cost of those primary inputs that are used for the production of intermediate inputs in the
production process. The present research problem refers to the proper quantification of the
contribution of both direct and indirect cost requirements to energy prices. The contribution
of the energy sector to the price formation of the other industries of the economy is also
considered in the current analytical framework. The main objective of this study is to
demonstrate the use of a novel approach for more updated analysis and concise estimation
of the contribution of the various costs to the formation of energy prices in a national
economy. For this purpose, we adopt appropriate methods of input-output analysis, by
constructing a supply and use model and employing data originating from the Supply and
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Use Tables (SUT’s). The suggested approach is indicatively implemented here for the case
of the Greek economy.

Input-output analysis is an analytical tool originally developed by the Nobel Prize
winner in economics Wassily Leontief, which analyzed the interdependencies between the
different sectors/industries of the economic system (see, e.g., [1,2]); this kind of analysis
has been used in the past to estimate the contribution of primary inputs costs to prices by
making use of data from the Symmetric Input-Output Tables (SIOT) (see, e.g., [3,4] for the
case of the Greek economy). Input-output tables are extensive data matrices that depict
the linkages among economic sectors, households and the government, and, hence, the
structure of domestic production. In the current context, they are used to analyze the inter-
sectoral flows, from one economic entity to the others, and, hence, the interdependencies
within and among the energy sector and all the other sectors of the economy. In turn, they
can manifest the role of energy in the current structure of production and the assessment of
the potential effects of structural changes across the economy and energy-related activities
over a medium to long-term time horizon [5–9].

However, the SIOT is derived from the SUT’s on the basis of some restrictive and
debatable assumptions (see, e.g., [10–13]). Specifically, in the SUT’s, which constitute
the core of the modern systems of national accounts, there are industries that produce
more than one commodity and commodities that are produced by more than one industry.
The SUT’s consist of a pair of tables, the Supply Table, and the Use Table. The Supply
Table provides intersectoral information on the production of the products by the various
industries of the economy as well as information about the imported goods and services.
The part of the Supply Table that describes domestic production is called the Make Matrix of
the economy. The Use Table provides information about the usage of intermediate inputs by
the various industries as well as the value-added per industry and final demand. The part
of the Use Table that describes the intermediate inputs of the various industries is called the
Use Matrix of the economy. Therefore, the SUT’s allow, by construction, the consideration
of joint production of commodities; it has long been argued that joint production activities
constitute the rule in the real world (see, e.g., [14,15]). The joint production phenomenon
and its importance were also known to classical and early neoclassical economists (see,
e.g., [16]).

In this study, we depart from previous works in the field, since the use of SUT’s
allows us to adopt and implement a supply and use model. Based on this model and the
economic structure described by SUT’s, for the first time −to the best of our knowledge−
we decompose energy prices to the costs for primary inputs. Thus, the proposed analytical
framework offers a more realistic picture of the actual economic system and of the formation
and impact of energy prices, compared to the traditional approach and the limitations
related to the SIOT. Another novelty of the paper is that, in a similar way, using the supply
and use model, we decompose the contribution of the energy sector in the price formation
of the products of the other industries of the economy.

In this paper, we make use of the supply and use model and exploit data from the
SUT’s of the Greek economy for the year 2018 (the latest data available during the conduct
of this research), instead of using the traditional input-output model and employing older
(as they are published every 5 years) data from the SIOT for the year 2015. Therefore, the
present model provides more timely and concise information about the sectoral origin of
each particular cost that forms energy prices. Based on the relationships underlying the
SUT’s, we implement the supply and use model to decompose the energy prices into the
costs of the primary inputs used both directly and indirectly in energy production in the
Greek economy.

It is stressed here that the intersectoral input-output analysis focuses on and relies
on the current structure of production and assesses the potential effects of structural
changes incurred on and resulting from energy prices during the medium and the long
term. In turn, the findings of the analysis can be incorporated into a strategic development
plan and formulate policy recommendations. In particular, the knowledge about the
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sectoral origin of each particular cost shaping energy prices enables the economic policy
makers to implement more comprehensive and well-targeted strategies in their effort to
contain energy prices; these strategies can harness the key role of energy in changing cost
requirements and supporting the sustainable growth of individual sectors and the total
economy. Nevertheless, in addition to the commodity attribute of energy, wherein the
pricing mechanism depends on cost pricing, the energy price also has a financial attribute.

In terms of the energy financial attribute, the pricing mechanism depends on capitaliza-
tion pricing. According to this financial attribute, energy prices are shaped by a multitude
of factors involved in processes that are dynamic and take place over short periods of
time. For this reason, the investigation of these factors falls out of the scope of the current
research; it is mentioned that these factors may encompass the behavior of the energy
market subjects [17–20], the energy market and the overall economic environment [21–24],
and the pricing mechanism of the energy itself [25].

The remainder of the paper is structured as follows: Section 2 describes the materials
and methods used in the analysis. Section 3 presents the results of the empirical analysis.
Finally, Section 4 discusses the findings of the paper and concludes, including how the
limitations of this study can be addressed in future research.

2. Materials and Methods

The price side of typical SUT’s can be described by the following Equation (see,
e.g., [11,12])

eTM = eTU + vT (1)

where M ≡ [Mij] is the n × n Make Matrix of the economy, Mij denotes the amount (in
money terms) of product i produced by industry j, U ≡ [Uij] is the Use Matrix of the
economy, Uij denotes the amount (in money terms) of product i used as intermediate con-
sumption by industry j, v ≡ [vj] is the n × 1 vector of valued added (or, equivalently, costs
for primary inputs), vj denotes the value added generated in industry j, e ≡ [1, 1, . . . ., 1]
denotes the summation vector, and “T” is the sign of the transpose of matrix entity. The

Make and Use Matrices can be written as M =
^
pB

^
y and U =

^
pA

^
y, respectively, where

p ≡ [pi] is the vector of market prices, pi denotes the market price of product i, B ≡ [Bij] is
the output matrix of the economy, Bij denotes the amount (in physical terms) of product
i produced by industry j per unit of activity level, A ≡ [Aij] is the input matrix of the
economy, Aij denotes the amount (in physical terms) of product i used as an intermediate
input by industry j per unit of activity level, y ≡ [yj] is the vector of activity levels, yj

denotes the activity level of industry j, and
^
x is a diagonal matrix that is formed by the

elements of the vector x.
Thus, Equation (1) can be re-written as

eT ^
pB

^
y = eT ^

pA
^
y + vT (2)

or
pT ~

M = pT ~
U + vT (3)

where
~

M ≡ B
^
y and

~
U ≡ A

^
y are the Make and Use Matrices, respectively, of the economy

expressed in physical terms. Now, if we assume that the physical unit of measurement
of each product is worth of a monetary unit (see, e.g., [26]), i.e., it holds p = e, then
Equation (2) becomes

eT ~
M = eT ~

U + vT (4)

Provided that the matrix [
~

M −
~
U] is nonsingular, the solution of Equation (3) is

given by

eT = vT[
~

M −
~
U] −1 (5)
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The right-hand side of Equation (4) gives the direct and indirect requirements in

primary inputs necessary to produce the net output of each industry. The matrix [
~

M −
~
U] −1

is the so-called “generalized inverse Leontief matrix” (see, e.g., [27]), as opposed to the
well-known “inverse Leontief matrix” derived from the usual input-output tables. Thus,
Equation (4) reduces the price of the net product of each industry to the costs for primary
inputs (wages, profits, taxes, consumption of fixed capital, etc.) involved in its production
process. Moreover, Equation (4) captures not only the direct costs of primary inputs of
an industry, but also the indirect costs. The latter refers to the costs of primary inputs
necessary to produce the products of the other industries that are used as intermediate
inputs in the production of each product.

Now, we define the k × n matrix C ≡ [Cij], where k is the number of the different
categories of primary inputs, n the number of the industries in the economy, and Cij denotes
the direct requirements in i-th primary input necessary to produce the output of industry j.
Thus, it obviously holds eTC = vT. By post-multiplying the matrix C with the “generalized

inverse Leontief matrix”, we get a k × n matrix, say D ≡ [Dij], defined as D = C[
~

M −
~
U] −1,

where Dij gives the direct and indirect contribution of the i-th primary input to the price
formation of the net product of industry j. Thus, it also holds eTD = eT. Therefore, the
matrix D gives the contribution of the different categories of primary inputs to the price
formation of the net outputs of the different industries in the economy.

We can further decompose the contribution of costs to price formation per indus-
try of origin of the primary inputs costs, by defining a new matrix, say E ≡ [Eij], as

E =
^
v[

~
M −

~
U] −1, where Eij gives the direct and indirect contribution of the primary inputs

of industry i to the price formation of the net output of industry j. In a similar way, we can
decompose the contribution of costs to price formation per primary input cost and industry

of origin, by defining the matrix Ek ≡ [Ek
ij] as Ek = êk[

~
M −

~
U] −1, where ek is the vector of

the k-th primary input used per industry. Therefore, Ek
ij gives the contribution of the k-th

primary input of industry i to the price formation of the net output of industry j.
The above formulation provides a supply and use framework for estimating the

contribution of primary costs to the price formation of the various industries of the economy.
Since we are interested in the formation of energy prices, we focus on the industry that
is related to energy production. Our empirical analysis is based on data from the SUT’s
of the Greek economy for the year 2018, i.e., the year with the most recent data at the
time of this research. The SUT’s of the Greek economy (for the year 2018) were retrieved
from the website of the Hellenic Statistical Authority (ELSTAT), www.statistics.gr (accessed
on 10 June 2022), and they describe the production of 64 products by 64 industries. The
industry of interest in our analysis is the 24th in order in the SUT’s named “Electricity, gas,
steam and air conditioning supply” (“Energy” hereafter). Moreover, from the value-added
sector in the SUT’s, we can identify four categories of primary inputs, i.e., “Consumption
of fixed capital”, “Net taxes”, “Profits”, and “Wages”. In order to capture the contribution
of imports in price formation, we consider the imports of the economy as a primary input.
Hence, imports are also included as part of the total supply of each industry. Since the
SUT’s of the Greek economy provides detailed information about the imports from the EU
countries as well as imports from the non-EU countries, we add these two new categories of
primary inputs in our analysis as “EU Imports” and “Extra EU Imports”. Thus, the present
analysis is based on Make and Use matrices of dimensions 64 × 64 and six categories of
primary inputs.

3. Results

In what follows, we present the results derived from the application of the methods
mentioned before to the Energy sector of the Greek economy. First, we construct the
generalized inverse Leontief matrix of the Greek economy and we find that it is nonsingular.
Thus, the generalized inverse Leontief matrix exists and we may proceed further to our
analysis as it was outlined in the previous section.

www.statistics.gr
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3.1. The Contribution of Costs to Energy Prices

We begin with the construction of the matrix of direct requirements in primary inputs
and, then, we estimate the matrix of the contribution of the different categories of primary
inputs to the price formation of the net output of the energy sector. The 24th column of
this matrix of the Greek economy gives the contribution of costs to the formation of Energy
prices. Our results are reported in Table 1. For reasons of comparison, we also report the
average contribution of costs to price formation in the Greek economy.

Table 1. The contribution of costs to Energy prices.

Type of Cost Energy Economy’s Average

Wages 16.4% 26.9%
Profits 36.9% 20.5%

Net taxes 3.5% 10.3%
Consumption of fixed capital 10.8% 9.6%

EU imports 9.7% 18.4%
Extra EU imports 22.8% 14.3%

Note: The percentages may not add up to 100% due to rounding.

From the results reported in Table 1, it follows that Profits have the highest contribution
in the formation of energy prices, while Profits and total Imports form almost 70% of energy
prices. In comparison with the price formation in the rest of the Greek economy, we notice
the relatively higher importance of Profits and Extra EU imports and the relatively lower
contribution of Wages, Net taxes and EU imports in the formation of energy prices.

3.2. The Contribution of Costs to Energy Prices per Industry of Origin

Next, we estimate the contribution of costs to price formation per industry of origin of
the primary inputs. Our estimations are based on the calculation of the matrix of the direct
and indirect contribution of the primary inputs of each industry to the price formation
of the net output of the energy sector and we focus on the column of the matrix that
corresponds to the energy sector. Our results are reported in Figure 1.
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Figure 1. The contribution of costs to energy prices per industry of origin.

From the results reported in Figure 1, it follows that the primary inputs of the energy
sector form about 55.6% of the energy prices, while the rest of the costs come from primary
inputs of the rest of the industries of the Greek economy. The other industries that contribute
substantially to the formation of energy prices are “Mining and quarrying” (16.4%), “Coke
and refined petroleum products” (9.7%), “Real estate activities” (7.1%), and “Financial
service activities” (1.9%).
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3.3. The Contribution of Costs to Energy Prices per Primary Input Cost and Industry of Origin

Next, we estimate the contribution of costs to energy price formation per primary input
cost and industry of origin, by estimating the matrices of the contribution of costs to price
formation per primary input cost and industry of origin in the Greek economy. We focus
on the primary inputs costs found to mostly contribute to the formation of energy prices,
i.e., Wages, Profits, Consumption of fixed capital, and Extra EU imports. The findings of
our estimations are reported in Figure 2.
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From the results reported in Figure 2, it follows that, on the one hand, the costs for
Wages, Profits and Consumption of fixed capital that form the energy prices mainly come
from the energy sector itself. On the other hand, the costs for Extra EU imports that
form energy prices mainly concern “Mining and quarrying” (65.9%), “Coke and refined
petroleum products” (17.4%), while direct energy imports from non-EU countries have
a share of only 7.3% in the costs of Extra EU imports that form energy prices. Another
noticeable industry in the formation of energy prices is the “Real estate activities”, which
contribute about 8.0% of the profits and about 22.2% of the consumption of fixed capital
that forms energy prices.

3.4. The Contribution of the Energy Sector to the Price Formation of the Other Industries Products

As the various industries of the economy contribute to the formation of energy prices,
the energy sector also contributes to the formation of the prices of the other industries. Thus,
for reasons of completeness, it is important to additionally estimate how the primary inputs
costs of the energy sector affect the price formation of the other industries; this estimation
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can be based on the calculation of the matrix of the direct and indirect contribution of the
primary inputs of each industry to the price formation of the net output of a particular
industry. Instead of focusing on the 24th column of this matrix, we now concentrate on
its 24th row which gives the direct and indirect contribution of the primary inputs of the
energy sector to the price formation of the net output of the other industries of the Greek
economy. Our estimations reveal that the energy sector contributes on average about 2.1%
in the price formation of the other industries of the Greek economy. In Table 2, we report
the industries in which the energy sector contributes more than its average contribution.

Table 2. The contribution of the Energy sector to the price formation of the other industries.

Industries Energy Sector Contribution

Sewerage; waste collection, treatment and disposal activities 9.4%
Water collection, treatment and supply 8.1%

Manufacture of basic metals 8.0%
Sports activities and amusement and recreation activities 4.1%

Manufacture of other non-metallic mineral products 3.0%
Warehousing and support activities for transportation 2.9%

Social work activities 2.8%
Manufacture of electrical equipment 2.7%

Activities of membership organisations 2.4%
Average 2.1%

From the results reported in Table 2, it follows that the highest contribution of the
energy sector in the price formation of the products of other industries refers to the “Sewer-
age; waste collection, treatment and disposal activities; materials recovery; remediation
activities and other waste management services” (9.4%), “Water collection, treatment and
supply” (8.1%) and “Manufacture of basic metals” (8.0%). Thus, we notice that the most
significant contribution of the energy sector to the price formation of other industries
mainly concerns industrial sectors of the Greek economy.

In a nutshell, the results of the supply and use model highlight the intricate nature of
the interrelationships which shape the energy prices. In particular, it is verified that the
influence of the input costs reflects the net outcome of the sell and purchase transactions
among several different sectors of the economy with varying degrees of contribution to the
prices of the energy sector. Besides, there is a varying impact of energy on the input cost
requirements of the other industries of the economy. Therefore, the findings underline the
need to employ SUT’s to analyze more esoteric issues and obtain insights into the suitability
of policies to manage the green transition, energy cost and its impact on other industries
and the total economy.

4. Discussion and Conclusions

In this paper, we developed a method to estimate the contribution of primary inputs
costs to the net outputs of the various industries of a national economy through a supply
and use model; this method captures the direct and indirect contribution of each primary
input to the price formation in all industries of the economy. Furthermore, the usage of
data from the Supply and Use Tables, instead of the traditional input-output tables, allows
us to avoid the restrictive assumptions involved in the conversion methods that transform
the Supply and Use Tables into Symmetric Input-Output Tables. On the empirical side, we
used more recent (compared to the Symmetric Input-Output Tables) data from the Supply
and Use Tables of the Greek economy for the year 2018 (the latest available data at the time
of this research). The analysis was principally focused on the estimation of the contribution
of primary inputs costs in the formation of energy prices.

Our empirical results revealed that the energy prices in the Greek economy are mostly
formed by Profits and Imports. The Profits that form energy prices are mainly distributed
to the energy sector itself (about 86.4%). The Imports largely concern Extra EU imports of
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“Mining and quarrying products” and “Coke and refined petroleum products”. Another
industry of the Greek economy that has a noticeable contribution to the formation of
energy prices is “Real estate activities”, which contributes to about 8.0% of the profits
and about 22.2% of the consumption of fixed capital that form energy prices. As far as
the contribution of the energy sector to the price formation of the other industries of the
Greek economy is concerned, the energy sector mainly contributes to the price formation of
industrial sectors. The highest contribution is identified in the industries “Sewerage; waste
collection, treatment and disposal activities; materials recovery; remediation activities and
other waste management services” (9.4%), “Water collection, treatment and supply” (8.1%)
and “Manufacture of basic metals” (8.0%).

These results are in line with the findings of Lychnaras et al. [28] and Rodousakis
and Soklis [29] regarding the intersectoral linkages of the Greek energy sector. More
specifically, based on an extended version of the hypothetical extraction method proposed
by Dietzenbacher and van der Linden [30] and data originating from the Symmetric Input-
Output Tables of the Greek economy for the year 2015, Lychnaras et al. [28] found that
the Greek energy sector mostly relies on buying inputs from the industries “Mining and
quarrying products” and “Coke and refined petroleum products”. Besides, Rodousakis
and Soklis [29] found that the industry that mostly depends on the energy sector for the
purchase of inputs is the industry “Sewerage; waste collection, treatment and disposal
activities; materials recovery; remediation activities and other waste management services”.

Since energy prices have risen dramatically during the previous months and policy
authorities struggle to take sufficient measures to contain energy prices, the proposed
methodology and empirical results in this study could be relevant and important. More
specifically, our results for the formation of energy prices in the Greek economy indicate
that a policy to contain them could be mainly based on the implementation of income and
import substitution policies.

On the short run, the relatively high share of profits distributed to the energy sector
that form energy prices indicates that an income policy which would limit excessive profits
could have significant positive effects on the containment of energy prices; this policy
would be particularly beneficial for the competitiveness of the industries in which the
energy sector has a relatively high contribution in the price formation of their products,
i.e., “Sewerage; waste collection, treatment and disposal activities; materials recovery;
remediation activities and other waste management services”, “Water collection, treatment
and supply” and “Manufacture of basic metals”; it is worth noting that the implementation
of such a policy has recently been proposed by the UN Secretary-General, who declared
that “The combined profits of the largest energy companies in the first quarter of this year are close to
$100 billion. I urge governments to tax these excessive profits, and use the funds to support the most
vulnerable people through these difficult times” [31]. On the long run, an import substitution
policy towards the exploitation of domestic mining and quarrying products as well as
the coke and refined petroleum products could have a significantly positive impact, not
only on the retainment of energy prices, but also on the increase in the energy security of
the country.

Finally, it should be noted that, similar to all the traditional input-output analyses, the
proposed model assumes fixed structures in the inter-industry relationships. Moreover,
since the data about the structure of the Greek economy are derived from the Supply and
Use Tables for the year 2018, the analysis does not capture possible changes due to structural
reforms that occurred in the latest years through the implementation of decarbonatization
policies in the Greek energy sector. Thus, future research efforts could employ more
recent (when available) datasets and possible extensions of the proposed methodological
framework to consider the dynamics of energy price formation mechanisms, including
various types of investment/financial flows and exogenous shocks. Given the availability
of more refined data at the sectoral level, the analysis could also focus on the prices of
different types of activities and sources of energy, such as those related to lignite, natural gas
and renewable energy sources. Additionally, the inclusion of information about different
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countries by use of inter-country input-output data [32–36] could further contribute to the
current knowledge, by providing insights not only into the inter-industry relationships,
but also into the inter-country relationships among industries.
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