Chapter 25

Application of I0 Energy Analysis for CO;
Emissions by the Portuguese Economy:
The Case of Portugal

Luis M.G. Cruz

Introduction

Objectives

One of the main aims of this study is to explore the links between energy, economy
and environment from different perspectives, but always with a policy-oriented fo-
cus. This will be done by implementing and developing an input-output model with
satellite accounts, to analyze the links between the different economic sectors, en-
ergy production and use, and the ‘corresponding’ production of CO, emissions in
Portugal.

For this, the paper is organized as follows. In Section “The Input-Output Frame-
work”, there will be presented a brief outline of the basic input-output model, and
then succinctly discussed the core aspects of its extensions for the consideration
of environmental and energy issues. In Section “CO, Emissions by the Portuguese
Economy”, there will be presented the data sets used for the Portuguese case, and
then an extended input-output empirical application, from which is assessed the
(sectoral and aggregate) production of CO, emissions (derived from fossil fuels
use) by the Portuguese economy. There will be also offered a succinct reflection
on the use of elasticities of CO, emissions with some of the model parameters, as
measures of sensitivity analysis of the level of emissions. Accordingly, a summary
of the key lessons learned and a discussion of their policy relevance will be offered
in Section “Final Comments”.
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Historical Background

For analyzing possible energy futures and designing new policies it is useful to
present some background information about the current state and recent trends of the
Portuguese energy system. Accordingly, there will be presented a brief overview of
the role and importance of energy in Portugal (contextualized within the European
Union), and how it has been developing through the last decade,' as well on the
importance of CO, emissions in the current political debate (in the context of the
Kyoto Protocol).

To start with, it is crucial to note that since Portuguese accession to the European
Union (in 1986), its environmental and energy policies reflect the principles, aims
and actions of the corresponding European policies. Accordingly, it comes as no
surprise that trade-offs among three objectives — energy security, environmental pro-
tection, and economic growth — have been dominant concerns in Portuguese energy
policy making for the last 3 decades, though they have been pursued with changing
emphasis, depending on the historical situation and emerging issues and constraints.
For example, one can say that after the Portuguese accession to the European
Union (1986), and increasingly over the 1990s, although energy security concerns
has by no means disappeared, it has lost considerable weight to competitiveness, and
at a slower rate to environmental concerns (mainly the climate change problem).

Concerning some of the ‘progress’ made in the energy area over the last decade,
it can be emphasized that:

e Portugal has a small energy market, of around ten million inhabitants, and has the
lowest per capita energy consumption in the European Union (EU-15) (thought
it has been growing at considerably higher rates than GDP per capita).

e Primary and final energy intensities present a worrying upward trend. Moreover,
concerning absolute energy intensity levels, Portugal presents a situation clearly
unfavorable compared to the European Union (EU-15) average.

e Portugal does not have its own fossil energy resources but it has a structure of
consumption that is based on oil products; therefore, the country imports most of
the energy consumed.

e The limited domestic energy resources produced in Portugal are renewables, such
as hydropower and biomass. Indeed, the hydroelectric component is significant
in the Portuguese electricity system.

Moreover, it is also essential to take into consideration that, under the terms of the
European Union allocation agreement (the ‘burden sharing’ system), Portugal may

Tt is worth mentioning that the International Energy Agency releases annually a review analyz-
ing energy policies and energy market developments in its Member Countries, which include the
EU Member States (e.g. IEA/OECD 2000b). Furthermore, the European Environment Agency has
produced several reports which generally contain detailed data and analysis concerning, among
others, environmental and energy issues, for each of the European Union Member States (e.g.
EEA 1998, 1999, 2000, 2002b). Concerning Portugal, reference can be made to DGE/ME (2002)
and IEA/OECD (2000a). Thus, these works are recommended for those interested in a more ex-
haustive analysis.
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fulfill its Kyoto commitments by limiting its increase of greenhouse gas (GHG)
emissions to 27% above 1990 levels over the period 2008-2012. Concerning CO,
emissions, the limit for its increase is 40%. This latter ‘Kyoto target’ is the focus of
our interest, though restricted to the consideration of the CO, emissions that result
from the combustion of fossil fuels. From some historic data concerning emissions
it is relevant to call attention that:

e In the year 2000, CO, emissions contributed to 74.6% of total Portuguese GHG
emissions. Moreover, from 1990 to 2000, CO, emissions increased 43.6%, which
means that the limit of 40% increase for 2008-2012 was already passed in the
year 2000.

e (CO, emissions that result from fuel combustion represented 90-91% of the total
CO; emissions produced in the 1990s, and from 1990 to 2000, CO, emissions
from fossil fuel burning increased 44.5%.

From all this results that presently the ‘Kyoto target’ for Portuguese CO, emissions
is not any more ‘to control the growth’, but rather to reverse the current trend and
therefore ‘to reduce’ present CO, emissions. Thus, more than ever, it is manifest that
CO, emissions are of foremost importance in the current political debate in Portugal.
Accordingly, measures to reduce energy-related GHG emissions, and specially CO,
emissions, are clearly one of the biggest challenges for energy policy makers.

The Input-Output Framework

In an input-output approach the economic structure is defined in terms of sectors.
It can be said that the relative simplicity of such a systematic connection of a set
of economic variables provides a modeling framework suitable for calculating eco-
nomic impacts (over all of the economy) of several human activities.

The Basic Input-Output Model?

The basic principle of input—output analysis states that each sector’s production
process can be represented by a vector of structural coefficients that describe the
relationship between the inputs it absorbs and the outputs it produces.?

2 The basic concepts of input-output analysis were discussed in detail by Wassily Leontief in the
1960s (Leontief 1966), and more recently by Miller and Blair (1985), and Proops et al. (1993).

3 General assumptions of the basic input-output model are: homogeneity (i.e. each sector or indus-
try produces a single product) and linear production functions (which implies proportionality of
inputs with outputs in each sector and excludes both the possibility of economies or diseconomies
of scale, and of substitution between production factors).
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As the total output (production) of a sector i (X;) can be delivered for interme-
diate or for final demand, an output equation may be defined by:

Xi=> x;j+Y (25.1)
J

where the element x;; represents the ‘value’ of input from sector i to sector j (where
i represents the number of the row and j the number of the column), and Y; repre-
sents the total final demand for sector i (which includes production for consumption
(of households and governments), investment purposes (fixed capital formation,
changes in stocks) or exports).
Considering constant returns to scale, the output (or supply) equation of one
generic sector becomes:
Xi =) a;X; +Y, (25.2)
J

where the coefficients a;;, defined as the delivery from sector i to j per unit of
sector’s j output, are known as the ‘technical’ or ‘technological coefficients’.

To represent the nation’s productive system, we will have a system of 7 (linear)
simultaneous equations, each one describing the distributions of one sector’s prod-
uct through the economy. As the algebraic manipulation of such a system is very
complex, it is useful to use its representation in matrix (condensed) form*:

Ax+y=x (25.3)

where A is the matrix of the technological coefficients, y is the vector of final de-
mand, and x is the vector of corresponding total outputs.

Using the basic concepts of matrix algebra, with I as the unit matrix, Equation
(25.3) can be reorganized, to give:

x=I-A)"y (25.4)

This expression is the fundamental matrix representation of input-output analysis,
and the inverse matrix (I — A)~! is known as the ‘Leontief inverse matrix’ (or also
as the ‘multiplier matrix’).

By decomposing Equation (25.4) (which can be seen as the result of an iterative
process that shows the progressive adjustments of output to final demand and input
requirements), one can separate out the direct from the indirect requirements for
production in the economy, which are necessary to satisfy a certain vector of final
demand commodities (Gay and Proops 1993:115-116):

X=y+Ay + A%y +---+Aly+ - (25.5)

4 Notational conventions: upper case bold letters are used to denote matrices, and lower case italic
letters with subscript indices to denote its elements; lower case bold letters are used to denote
vectors, and upper case italic letters with subscript indices to denote its elements; and lower case
italic letters are used to denote scalars.
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So, as Proops et al. (1993: 112) point out, we can decompose the total demand for
the n goods produced in the economy as follows:

e Y is required for final demand. This is the direct effect.

e Ay is the production necessary to allow the production of a final demand
vector, y. This is the ‘first-round indirect effect’.

e A'y = A(A"ly) is needed to produce the goods A" 'y. This is the ‘tth-round
indirect effect’.

Clearly, the total indirect effects (or intermediate demand) are the sum of the first-
round, second-round, etc. (Gay and Proops 1993: 115-116).

Extensions of the Basic Model to Account
Jor Energy—Economy-Environment Interactions

Having established the basic input-output framework, it is time to move on to dis-
cuss some extensions of this technique, in order to make particularly explicit the
link between the level of economic activity in a country, its corresponding impact
on the environment, and/or the corresponding energy interactions.

Extensions of the application of input-output models to the examination of in-
teractions between economic activity and environmental issues date back to the
late 1960s and early 1970s.’> These studies can be considered as benchmarks of
an approach that would be further developed by some energy analysts during the
1970s and the 1980s, extending the use of input-output analysis to consider energy—
economy interactions.®

But, over time, the modeling approaches have become more and more complex,
to allow, for example, the consideration of global environmental issues such as the
greenhouse effect and the ‘resulting’ climate change problem. This has led to the
development of numerous theoretical models and empirical studies that combine
both perspectives, making it hard to distinguish between environment and energy
models, and therefore it become usual to talk about ‘energy—economy—environment’
models (Faucheaux and Levarlet 1999: 1123).

Thus, it is not surprising that also the input-output models have been extended to
deal with both environmental and energy issues. Therefore, in this section, it is in-
tended to illustrate some of the potentialities of the energy—economy—environment
models, applying the input-output technique to the structural analysis of energy

3 Detailed surveys of environmental input-output models, with many references, including theo-
retical extensions and applications are provided, for example, by: Hawdon and Pearson (1995),
Miller and Blair (1985: Chapter 7), Richardson (1972: Chapter 11), Victor (1972: Chapter 2). Cruz
et al. (2004) offer an overview of how 10 methods began to be adopted as a method of integrating
economic activity with the environment, indicating the main strands of development over the past
40 years, and in particular noting the recent work in the literature.

% Detailed surveys of energy input-output analysis are presented, for example, by Miller and
Blair (1985: Chapter 6), and Casler and Wilbur (1984).
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requirements and CO; emissions by economies, relating this pollution with the use
of fuels. This will be done using an approach very similar to the one used by Gay
and Proops (1993), Proops et al. (1993) and Cruz (2002c).’

To start, it is important to note that we need to introduce two kinds of distinctions
into the analysis:

1. The division of the fossil fuel use, and the corresponding pollution emissions,
into what concerns to energy directly demanded by household consumers (for
lighting, cooking, heating/cooling, transport, etc.), and energy (directly and in-
directly) demanded by industrial and agricultural producers of goods to ‘power’
the production process (Proops 1988: 202). The former will be designated as
‘direct consumption demand’ and the latter as (direct plus indirect) ‘production
demand’.

2. The distinction between various forms of primary (fossil) fuels,® namely solid
(coal), liquid (oil) and gaseous (natural gas), since they have different pollution
emissions per unit mass, and per unit of energy delivered.

Accordingly, it is considered in this model that the total (primary) energy require-
ments by an economy (given by the 3-vector f) can be considered as the sum of the
production energy requirements (given by the 3-vector [fing = C(I — A)_ly]), and
final demand energy requirements (given by the 3-vector [fgem = PHYy]), i.c.:

f=CI-A)"'y +PHy (25.6)°

where: C is a (3 x n) matrix, whose generic element (c;) represents the (physical)
quantity of fuel " used by sector i per unit of total output (i.e. the ‘energy intensities
corresponding to direct production demand’); P is a (3 x n) matrix, which has only
three non-zero elements, one for each fuel type, expressing the (physical) quantity
of fossil fuel use per unit of final demand (i.e. the ‘energy intensities corresponding
to direct consumption demand’); and H is a (n x n) diagonal matrix, with only
three non-zero elements, which are the ratios of the sum of ‘final consumption of
households’ and ‘collective consumption’, to total final demand, for the three fossil
fuel sectors.'”

7 The basic concepts and explanations of the method to apply here have been discussed in detail
by Proops et al. (1993: Chapter 8) and Cruz (2002c: Chapter 7). Therefore, the main equations and
explanation of its contents will just be restated briefly.

8 Applying an input-output approach to fuel use, as it is the case, “only primary fuels need be
consider directly”, since the use of secondary fuels is “dealt with automatically within the inter-
industry demand structure” (Gay and Proops 1993: 116). This means that the manufacture of
secondary fuels (such as, e.g. electricity or gasoline) should be ignored in the main calculation
of CO> emissions so that double counting is avoided (IPCC 1996).

° This expression is also the result of some considerations, namely: 7 activity sectors; three types
of fossil fuels: natural gas, coal and oil; and the assumption that the use of fossil fuels by any sector
is proportional to the total output from that sector.

10The final demand for fossil fuels corresponding to investment is not used (burnt), and con-
sequently do not correspond to CO» emissions. Furthermore, the final demand for fossil fuels
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Correspondingly, it is considered in this study that the total CO, emissions by
an economy (given by the scalar ¢) can be considered as the sum of the production
CO, emissions [¢jng = € C(I— A)_ly] and final demand CO, emissions [Cqgem =
¢'PHy],!! that is:

¢c=eCI—A)"'y+e¢PHy & ¢ = [e’C(I Ay e’PH] y (257"

where €’ is the transpose of a 3-vector, e, whose generic element (ey) represents the
amount of CO; emission per unit of fuel f.

Furthermore, we can decompose the total CO, emissions as the result of an it-
erative process that shows CO, emissions progressive adjustments to final demand
and fossil fuel requirements:

¢ = [¢PHy + €Cy] + [ CAy + € CA’y +--- + €CA 'y +---]  (25.8)

where (¢/PHy) represents the CO, emissions attributable to direct consumption de-
mand for fossil fuels, while (¢/Cy) represents the CO, emissions attributable to
direct, and the sum of all the others [¢/(CA + CA* + ---)y] to indirect production
demand.

The ‘Attribution’ of the Energy Requirements and CO, Emissions

Equations (25.6) and (25.7) make clear that both the energy requirements and the
total CO, emissions produced by an economy can be attributed to total final demand
for goods and services (represented by the final demand vector, y). This can be
particularly useful for policy analysis purposes, as this ultimately imputes all fossil
fuel use and CO, emissions to households’ purchases.

corresponding to exports, as these fuels leave the country concerned, are used elsewhere and there-
fore does not corresponds to domestic CO, emissions. Thus, as interest is directed towards only
those fuels which were burnt (Proops et al. 1993: 154), there is need to consider only the final
consumption (‘final consumption of households’ plus ‘collective consumption’). Accordingly, we
can ‘modify’ the final demand vector (y) to ‘exclude’ the investment and export components, by
premultiplying it by a suitable (n X n) scaling matrix, H, and therefore using a modified final
demand vector (Hy).

' For reasons of completeness, other minor sources of CO» emissions — other then fossil-fuel
burning — should have been included in the analysis. Proops et al. (1993) do this in their analysis.
However, in this specific study, and because of a lack of detailed information for Portugal, the
production of CO» emissions from non-fuel sources will not be covered, which can be considered
as a shortcoming of this work.

12 If we use & (where & is a (3 X 3) matrix, with the vector e on the diagonal) instead of e/, the
fuel sources fundamentally responsible for CO2 emissions are explicitly identified, since a vector
of pollution intensities for each of the fuels combusted in the economy is estimated. If we use €/,
as is the case here, then the scalar of pollution obtained represents pollution intensities for the total
fuels burnt.



514 L.M.G. Cruz

Moreover, according to the ‘components’ of the final demand considered, it is
possible to distinguish energy requirements and CO, emissions attributable to do-
mestic consumption, from that attributable to exports, as well as to estimate the
levels of energy and CO, emissions ‘embodied’ in the country’s imports. It is then
possible to estimate primary energy and CO, emissions ‘embodied’ in a country’s
international trade, as well as the country’s ‘responsibility’ for CO, emissions (i.e.
the CO, emissions attributable to consumption by a country’s economy, whether
arising from domestic or from foreign goods and services), and the CO, emis-
sions produced by the country’s economy (i.e. the CO, emissions attributable to
the production made in the country’s economy, whether demanded by national or
by foreign final consumers and industries).'3

Such an exhaustive analysis of the energy requirements and CO, emissions
attributable to the different ‘components’ of the final demand was performed else-
where for the Portuguese case (Cruz 2002a). Here, as the interest is on the analysis
of the accomplishment of the Portuguese CO, emissions target established under
the Kyoto Protocol, we shall concentrate on the appraisal of the CO, emissions at-
tributable to the production made in the Portuguese economy (and therefore released
on Portuguese territory).'*

The Elasticities of CO, Emissions with the Model Parameters

According to the modeling framework presented above, the CO, emissions were
seen to be dependent upon: the structure of final demand (i.e. the elements of vector
y); the fuel use coefficients (i.e. the elements of matrices C and P); the structure
of inter-industry relations (i.e. the elements of matrix A); etc. Moreover, it was as-
sumed that these parameters are known and constant.

In this section, there will be analyzed the study of the sensitivity of the level of
CO; emissions to changes in these parameters and variables, namely through the
usual measure of sensitivity used by economists — elasticity.'> There are two main
kinds of purpose behind the performance of this sensitivity analysis. On the one
hand, as interest is in identifying policies that may reduce CO, emissions, one may

13 Also, it is important to recall that what is considered in the input-output table is the domestic
output by sector (i.e., imports are excluded); therefore, the energy requirements and ‘consequent’
CO» emissions correspond to goods and services produced in the country.

14 Indeed, the Kyoto Protocol, as well as other international agreements, focuses on activity solely
in the national boundary. This is so because, among other factors, as the Protocol is legally binding,
no government can be held responsible for the actions that occur in another country.

13 Elasticity is the proportional (or percentage) change in one variable relative to the proportional
change in another variable. In this particular case, it measures the percentage responsiveness of
the level of CO5 emissions to a 1% change in another variable. In order to calculate a particular
elasticity, there is the need to know the partial derivative of one variable (in this case the level of
CO, emissions) with respect to the other, as well as the values of the variable at the point at which
the elasticity is required.
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consider how changing these parameters may be effective in achieving this aim. On
the other hand, as the data used is not perfectly known, this analysis can provide a
guide to which components of the data set need to be collected most accurately.
However, the number of elasticities that may be calculated using this study’s data
set is colossal. As there is need to condense information, so that it can be compre-
hended and thus allow policy conclusions to be drawn, there will be considered
‘only’ the final demand, fuel use and intermediate trading elasticities of the CO,
emissions produced by a country’s economy. This will be done using an approach
very similar to the one presented by Proops et al. (1993) and Cruz (2002c), which
should be seen by those interested in deeper insights into the subject. Thus, what fol-
lows is no more than a brief restatement of the mathematical analysis presented in
those works in order to make the calculation of the several elasticities more apparent.

Final Demand Elasticities of CO, Emissions

In this subsection, there will be derived the elasticity of the CO, emissions pro-
duced by the country’s economy (c,,,;s) With respect to one component of total final
demand (Y;), whose formal definition is given by:

aCemis/ acemis oY

Cemis __ Cemis Cemis __ i

e p— LN —" ) (25.9)
Y;

0 Yl Cemis / Yz

To calculate the partial derivative of the CO, emissions produced by the coun-
try’s economy (i) With respect to one component of total final demand (Y;), we
have to differentiate Equation (25.7) with respect to Y;. Therefore, Equation (25.9)
becomes:

o Ocemis 3y, [eCO—A)"'+ePH] 2 [¢CO—A)"'+¢PH] Y,
e t’AmlJ —_ —_ 1 I 1

Y; -
Cemis Cemis Cemis
Y; Y;

where [¢ C(I—A) ™' +¢/PH]; is the ith element of the vector [¢'C(I— A) ™' +¢/PH].

(25.10)

Fuel Use Elasticities of CO, Emissions
Production Fuel Use Elasticities of CO, Emissions

By similar reasoning to that used to derive the elasticity previously presented,
one can obtain other elasticities, such as, e.g., the elasticity of the CO, emissions
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produced by the country’s economy (c.;s) With respect to the production fuel use
coefficients (c;) as:

acemis 0C -1 _
gCemis — acﬁ _ e/a_‘fﬁ(I_A) y _ ey [(I_A) 1Y]i Cfi . e_inCﬁ

e B Cemis/cﬁ cemis/cﬁ Cemis B Cemis
(25.11)

where f is, as usual, the type of primary fuel under consideration (i.e.: f = coal,
oil, natural gas).

Final Demand Fuel Use Elasticities of CO, Emissions

The elasticity of the CO, emissions produced by the country’s economy (c,is) With
respect to the final demand fuel use coefficients (py) is given by:

de emis

P
: 0 e5-Hy o [Hy].
s = pi _ CopY ey [Hy]: ps (25.12)
CCoemis Cemis Cemis
/ DPri / Py

Of course, there are only three non-zero elasticities, one for each of the primary
fuels directly used by final consumers.

Intermediate Trading Elasticities of CO, Emissions
The Technical Coefficients Elasticity of CO, Emissions

The elasticity of the CO, emissions produced by the country’s economy (¢,p;s) with
respect to the technical coefficients (a;) is given by:

9c, afa—a)—!
Cemis 361,! e/C [ aa,:,' ]

_ — y
€Ceml.\' — = . (25. 13)

ai
v Cemis Cemis
a ij a ij

aa-a)~"]

30,‘1'

To differentiate (I — A)~! with respect to a;; (i.e., ) we write:

I-ANI-A"T"=Te d-A)""'0-A) =L (25.14)

Differentiating both sides of Equation (25.14) with respect to a;; gives:
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AfI-—A)TT-A A[@X—A)~! id—A
[(=A7a=A)] =0& Ala=a7] ](I—A) + (I—A)*l—( ) _os
daj; dajj dajj
afad—A)~! dd—A
MA-AT o _a_a)y 204 (25.15)
Baij aa,»j
Now, if we post-multiply both sides of Equation (25.15) by (I — A)™! we get:
a[a-a"] LAA-A)
——I=—10-A)" ———1-A)"". (25.16)
Baij Ba,-j
So now we need to differentiate (I-A)with respect to a;;. One can write:
dI—A .
¥ = —FY, (25.17)
8al~j

where we define the matrix Fi as:

i LLr=i,s=]j
ij ) )
o = %0, otherwise % : (25.18)

Therefore, substituting Equations (25.17) into (25.16) we obtain:

a[A—A)""]

da =—(I-A) (-F)@I-A)" = A-A)'Fid—A)". (25.19)
i

Thus, substituting Equation (25.19) into Equation (25.13), the elasticity of CO,
emissions with respect to the technical coefficients (a;) will be given by:

0 €C[A-A)T'FII-A)""]y
eaij T Cemis/ .
ajj

Since the effect of the matrix FU is to pick out the required elements of the other
matrices (this matrix has a single element, the one which we are differentiating),
Equation (25.20) becomes:

(25.20)

[eCa—a)"] [@-A)"y] a5 [eCa-A)"], X;ay

Cemis .
glomis =

1
v Cemis Cemis

(25.21)

As the input-output table which will be used is a (38 x38) industry-by-industry table,
this means that we can calculate 38 x 38 = 1,444 elasticities of the CO, emissions
(cemis) With respect to the technical coefficients (a;;). Of course, this means that
it is problematic to deal with such an amount of data, particularly for policy pur-
poses. Therefore, in order to ‘condense’ such information, as suggested by Proops
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et al. (1993: 145), there will be employed technology elasticities related to one sec-
tor at a time, namely calculating the elasticities corresponding to the technology of
inputs to a sector, as well as the ones corresponding to the technology of outputs
from a sector.

The Technology of Inputs to a Sector’s Elasticity of CO, Emissions

The relationship of the technology of inputs to a sector may be summarized as the
column sum of the technical coefficients, i.e.:

n
a; =) _ aj. (25.22)

Accordingly, the elasticity of the CO, emissions produced by the country’s economy
(Cemis) With respect to the column sum of the technical coefficients (a ;) may be
expressed as the weighted sum of the single coefficient elasticities, egj;”", ie., it is
given by:

86'emis
Cemis — 8a] — 1 — " Cemis
glom = - - gl (25.23)
J Cor n i1 i=1 4
emis a,; 2 :j=1 aj glems

)

The Technology of Outputs from a Sector’s Elasticity of CO, Emissions

Similarly, the relationship of the technology of outputs from a sector may be sum-
marized as the row sum of the technical coefficients, i.e.:

n
a; = ijl aj (25.24)

Hence, the elasticity of the CO, emissions produced by the country’s economy
(cemis) With respect to the row sum of the technical coefficients (¢;) may also be
expressed as the weighted sum of the single coefficient elasticities, eflj;””, ie., itis
given by:

acemis aai. 1

n
Cemis — — — Cemis
ey il e el DN (25.25)
emis a; E :j=1 ai. elcl'f;ni.y

CO, Emissions by the Portuguese Economy

In this section, there will be presented an input-output empirical application of the
energy—economy—environment interactions for Portugal, especially concerning the
energy intensities and CO, emissions derived from fossil fuels use, according to
the modeling approach described above.
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Data Preparation®

Portuguese National Accounts and the Input-Output Table

A number of adjustments needs to be made to the way figures are presented by
the Portuguese system of economic accounts, published by the National Institute
of Statistics (INE 1999), to achieve a valuation of the supply and use flows as
consistently and homogenously as possible, and obtain the input-output tables that
are the basis for the empirical analysis to be performed in this work. However, the
estimation of such tables was only possible for 1992,!7 because the ‘auxiliary’ data
to perform the required treatments is only surveyed with a breakdown of all inter-
industry transactions (by industries and by products) and of final uses by product
for the 1992 Portuguese national accounts.

It is also important to mention that in order to be able to explore alternative
scenarios for electricity generation (see Cruz 2002b), the electricity sector was dis-
aggregated into three ‘sub-sectors’'3: 6A — Fossil Fuel Electricity Generation, 6B —
Hydroelectricity, and 6C — Electricity Distribution. To perform this disaggregation,
following Gay and Proops (1993), and Proops et al. (1993), it is assumed that:

e The two generating sectors (6A and 6B) sell all of their output to the distribution
sector (6C)."

e The fuel inputs to electricity are attributed entirely to fossil fuel generation,?” and
all other inputs are split between the two generating sectors in proportion to their
total output.

e All purchases of electricity by the remaining sectors and by final demand are
supplied by electricity distribution.

This resulted in the use of a (38 x 38) industry-by-industry input-output table, for
Portugal, in 1992. From this table was derived the matrix A, by dividing inter-
industry flows by the total inputs (= total outputs) by industry at basic prices, as
usual. It was also from this table that was derived matrix H, as well as the final
demand vector y.

16 A detailed description of the adjustments made to the Portuguese national accounts, as well as
the characteristics and the adjustments made in the Portuguese energy data used may be found in
Cruz (2002c).

17 Of course, the absence of more up-to-date data may constitute a restriction to providing useful
information for practical policy decisions. However, the basic economic structure of the economy
changes relatively slowly over time and therefore, for many aspects, the table(s) will be relevant
over a reasonable period of time (Miller and Blair 1985: 269). Nevertheless, the performance of
the analysis for more recent years and the investigation of the reasons behind the changes which
might have occurred (through structural decomposition analysis), should be explored as soon as
the information becomes available, particularly concerning National Accounts.

18 This was done because of the need to distinguish fossil-fuel electricity generation from other
electricity generation, since electricity obtained, e.g., from hydro, wind, and solar sources, do not
correspond to CO2 emissions.

19 This means that the two electricity-generating sectors have zero final demand.

20 Which means that hydroelectricity generation and the distribution side of electricity are recorded
as using no fossil fuel at all, which is clearly an underestimate (Gay and Proops 1993: 123).



520 L.M.G. Cruz

The Physical Quantities of Primary Fossil Fuels Used in the Portuguese
Economy

To perform the study there is also the need to consider the (physical) quantities of
primary fossil fuels used by each industry per unit of total output, as well as the
quantities of fossil fuels used per unit of final demand. However, such data was
generally not directly available in the appropriate, or consistent, form. Therefore,
there was the need to make some assumptions and estimations in order to correlate
the different data sources, namely the input-output tables (provided by the INE)
and the energy balance statistics (supplied by the Portuguese Directorate General of
Energy — DGE).

According to the ‘Energy Balance’ statistics for 1992 (DGE 1995), the
Portuguese economy total consumption of coal and (crude) oil was of 2,949,576
and 13,148,058 t of oil equivalent (toe), respectively. These values were considered
as credible totals of domestic energy use (by type of fuel) and it was from these that
were derived the physical quantities of coal and oil used by each of the 38 sectors
and by final consumers in 1992.2! Then, dividing these values by the corresponding
element of the total input (= total output) vector or by the final demand vector, it
was possible to determine the primary energy intensities (or requirements) per unit
of total output by sector (the 2 x 38 matrix C) and per unit of final demand (the
2 x 38 matrix P).

The Carbon Content of Primary Fuels

CO, emissions are produced when carbon-based fuels are burned. Therefore, af-
ter adjusting primary energy figures, it is possible to estimate CO, emissions from
fuel combustion, by considering the carbon contents of each type of fuel. For this
purpose, conversion factors from primary energy to CO, were applied. These con-
version factors were calculated following the IPCC’s default methodology to make
countries” GHG emissions inventories (IPCC 1996), and were arranged in a vector
of CO, emission per unit (toe) of fuel burnt (the 2-vector e). Accordingly, it is as-
sumed that each toe of coal burnt generates 3.88 t of CO,, and that each toe of oil
burnt generates 3.04 t of CO,. These figures clearly show that the amounts of CO,
emitted directly depend on the fuel, with more CO, being emitted per unit of energy
content for coal than for oil (and for natural gaszz).

21Tt is important to note that the use of natural gas was introduced in Portugal only in 1997. Thus,
as the analysis done in this study is for 1992, only two primary energy sources were considered.
Consequently, matrices C and P are of dimension (2 x 38), and vector e is a 2-vector.

22 Likewise, it was also estimated that each toe of natural gas combusted generates 2.34 t of CO5.
This result was not used here, as in 1992 there was no use of natural gas in Portugal.
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Box 25.1 Portuguese Input-Output Table

In Portugal, collecting and publishing national accounting data is a primary re-
sponsibility of the National Institute of Statistics — INE (www.ine.pt). As a
European Union (EU) member, Portuguese system of economic accounts has
recently converted its national definitions, classifications and accounting rules
according to the European system of national and regional accounts in the EU,
ESA 95 (European System of Accounts 1995) (see European Commission, 1996,
Council Regulation of 25 June 1996 on the European system of national and
regional accounts in the Community, Council Regulation 1996/2223/EC, JOL 310,
30/11/96, Office for Official Publications of the European Communities, Luxem-
bourg). Therefore, supply and use tables are expected to be produced annually for
the reporting year t-3 according to the regulations of ESA 95.

For the purposes of the modeling exercises performed in Chapters 25 and 28, a
number of additional adjustments to the way figures are offered by the Portuguese
system of economic accounts had been pursued to achieve a valuation of the sup-
ply and use flows as consistently and homogenously as possible. However, data to
perform these essential adjustments was only surveyed with the required deseg-
regation concerning 1992 Portuguese national accounts (which was yet organized
under an old system of accounts, with a main breakdown of 49 products and 49
industries). Thus, the level of sectoral aggregation used in the input-output mod-
els presented in Chapters 25 and 28 of this handbook correspond to the authors
proposal of a compromise between the ‘old’ and the ‘new’ classification (see the
Appendix for a detailed list).

Recently, several working papers have been published by the Department of
Prospective and Planning (DPP) of the Portuguese Government (www.dpp.pt),
concerning input-output data specificities in the Portuguese national accounts. Ac-
cordingly, DPP has recently made available (under request) input-output tables for
1999, with a desegregation of 60 products and 60 industries, which are directly
usable for modeling purposes.

The Input-Output Assessment of CO, Emissions

In this section there will first be determined the CO, intensities per unit of total
output and per unit of final demand, in terms of tons of CO, per million Portuguese
Escudos (PTE). Subsequently, there will be reported the total CO, emissions for
a given structure of final consumption, both in aggregate and disaggregated to 38
sectors.

The CO; Intensities

As derived from Equation (25.8), the elements of the row-vector (¢'C) represent the
tons of CO, emitted directly by each sector, per million PTE of final demand for
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the output of that sector; and the elements of [¢/C(A + A2 + ...)] represent tons of
CO; emitted throughout the rest of the economy (i.e. indirectly) by each sector, per
million PTE of final demand for the output of that sector. Moreover, the elements
of the vector (e'P), containing only two non-zero elements (one for each type of
fuel), represent tons of CO, emitted per million PTE of demand by consumers for
fuels. Thus, the sum of CO, intensities corresponding to total production and to
direct consumption demand, represents tons of CO, emitted per million PTE of final
demand, for each sector. Table 25.1 contains the estimated corresponding figures.

Concerning total CO, intensities, the energy sectors (except Hydroelectricity) are
unsurprisingly the ones that appear in the upper ranking, followed also predictably
by the Land Transport sector (see Fig. 25.1).

The total CO, intensity of the two top sectors (Mining and Manufacture of Coal
By-Products and Extraction of Crude Petroleum and Natural Gas; and Manufac-
tured Refined Petroleum Products) is dominated (in 91.3% and 94.3%, respectively)
by the intensities corresponding to direct consumption demand. For all the other
sectors, the CO, intensities correspond only to production demand (on the clear
majority of them mainly to indirect production demand).

CO; Emissions Produced by the Portuguese Economy

From Equation (25.8), multiplying the CO, intensities presented above by the final
demand vector, one achieves the corresponding tons of CO, emitted by each sector,
which are shown also in Table 25.1.

In 1992, according to the estimation made through the model, 51,413.8 kt of CO,
were emitted on Portuguese territory, derived from the use of fossil fuels, in order to
satisfy the domestic and foreign final demand for goods and services domestically
produced.?

The top five sectors ‘responsible’ for those CO, emissions are Extraction of
Crude Petroleum, and Manufacture of Refined Petroleum Products (16.5%), Elec-
tricity Distribution (11.2%), Construction (9.9%), Land Transport and Transport Via
Pipeline Services (9.9%), and Wholesale and Retail Trade (7%). This means that the
former four sectors account for almost half of total CO, emissions attributable to
production in the Portuguese economy (see Fig. 25.2). Moreover, as the CO, emis-
sions by the Extraction of Crude Petroleum, and Manufacture of Refined Petroleum
Products sector are mainly associated with the use of private cars, and as the produc-
tion of CO, emissions by the Land Transport and Transport Via Pipeline Services
is mainly connected with freight and passengers transport, one can say that (per-

23 This figure is slightly higher than the 45,165.9 kt of CO reported by EEA (2002a), which were
estimated also following the IPCC Guidelines (IPCC 1996). It is important to remember that not
only are some components of the data used in this work of poor quality, which implied the making
of some assumptions, but also that only one coefficient was used for each fuel, which may have
had some effect in this discrepancy.
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Fig. 25.2 Distribution of CO, Emissions Produced by the Portuguese Economy by Sector

sonal and public) transport (of passengers and goods) was ‘responsible’ for almost
one-quarter of all the emissions that occurred in Portugal in 1992.

Relating these results with those concerning CO, intensities, one can notice that
the sectors that are more highly CO; intensive are not necessarily the ones whose
production generates more CO, emissions. This is explained by what might be
called the ‘scale effect’ of the final demand (corresponding to the fact that the total
CO; emissions of any sector are given by the product of the intensity per unit of
final demand and the level of final demand).

Another key result is the significant importance of the indirect production de-
mand for fuels in the production of CO, emissions (see Fig. 25.3). Indeed, more
than half (60.8%) of the CO, emissions are attributable to indirect demand, while
24.7% of the emissions are attributable to direct demand for fossil fuels by indus-
tries; the remaining 14.5% are directly attributable to household demand for fossil
fuels.
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Fig. 25.3 CO, Emissions Attributable to ... for Fuels

The Elasticities of Total CO, Emissions Produced
by the Portuguese Economy

In this section, there will be offered an examination of the impacts of changes in spe-
cific parameters at the level of Portuguese energy-related CO, emissions. This will
be done by analyzing the elasticities of total CO, emissions produced by the Por-
tuguese economy with respect to (some of) the parameters. The figures are presented
in Table 25.2, corresponding to situations of ceteris paribus, and were obtained ac-
cording to the details given in Section “The Elasticities of CO, Emissions with the
Model Parameters”.

Column (1) presents the elasticities of the CO, emissions produced by the
Portuguese economy with respect to each component of total final demand. For ex-
ample, the value of 0.17 for the elasticity of CO, emissions with respect to the final
demand for the Extraction of Crude Petroleum and Natural Gas, and Manufacture of
Refined Petroleum Products sector, indicates that if the final demand for this sector
increases (decreases) by 1%, then total CO, emissions in the Portuguese economy
will increase (diminish) by 0.17%. Additionally, one can say that the final demand
for this sector’s output is the one to which the Portuguese CO, emissions are most
sensitive, followed by the final demand for the outputs of the following sectors:
Electricity Distribution (0.11), Construction (0.10), Land Transport and Transport
Via Pipeline Services (0.10), and Wholesale and Retail Trade (0.07).*

Moreover, as results from the definition of these elasticities (Equation (25.10)),
their sum is equal to one, which means that if the final demand of all the sectors
in the economy increase (decrease) by 1%, then total CO, emissions will enlarge
(decline) in 1%.

In columns (2) and (3) are shown the elasticities of the CO, emissions produced
by the Portuguese economy with respect to production fuel use coefficients.

Concerning coal, by far the largest elasticity is the one corresponding to its use
by the Fossil Fuel Electricity Generation sector. Indeed, the 0.17 figure is more than
four times bigger than the next largest value, which is 0.04 for the Extraction and
Manufacture of Non-Metallic Minerals sector. It is also noticeable that the great

2+ As there are 38 sectors, one would expect that all of these values would be considerably less
than unity.
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majority of the values in column (2) are zero, as there is no direct use of coal in the
production of the corresponding sectors.

Regarding the use of oil, the largest elasticity is also for Fossil Fuel Electricity
Generation (0.18), followed by Land Transport and Transport Via Pipeline Ser-
vices (0.17), Manufacture of Chemicals and Chemical Products (0.07), Extraction of
Crude Petroleum and Natural Gas, and Manufacture of Refined Petroleum Products
(0.04), and Extraction and Manufacture of Non-Metallic Minerals (0.02).

From the analysis of the figures in columns (2) and (3), it can also be said that
if all the sectors raise (reduce) the direct use of coal in their production by 1%, the
overall augment (reduction) in CO, emissions would be of 0.22%, while the same
percent change in the direct use of oil by all the sectors would imply a change of
0.63% in CO, emissions.

In the fourth and fifth columns, there are only two non-zero values. This is
logical, as they represent the elasticities of the CO, emissions produced by the
Portuguese economy with respect to the final demand fuel use coefficients (for
coal and oil, respectively). Thus, the value of 0.001 in column (4) means that by
changing the final demand for coal by 1%, the overall CO, emissions will vary by
0.001%; and the value of 0.14 in column (5) signifies that if the final demand for
oil increases (decreases) by 1%, the total CO, emissions will increase (decrease) by
0.14%. Therefore, one can say that the CO, emissions are much more sensitive to
the final demand for oil than to the final demand for coal.

Therefore, the results of the elasticities of total CO, emissions with respect to
the production (columns (2) and (3)) and to the final demand (columns (4) and
(5)) fuel use coefficients, suggest that any policy to fight against CO, emissions by
directly interfering with industries or households direct consumption of fuels, has
better chances of reaching more significant effects in CO, emissions by marginally
‘acting’ on oil than on coal use,? as the reader would have already thought (whether
based on the results presented on the previous sections, or only on the basis of a
sensible perception of the way the Portuguese economy performs).

The sixth column contains the elasticities of the CO, emissions produced by the
Portuguese economy with respect to the column sum of the technical coefficients
(a.j). For example, the value of 0.35 for the Electricity Distribution sector means
that if this sector raises (reduces) the use of all its inputs by 1%, then the CO,
emissions will increase (decline) by 0.35%. Thus, it is possible to say that, following
the Electricity Distribution sector, the sectors whose contribution can be bigger to
reduce CO, emissions in Portugal, by becoming more efficient in their use of inputs
are: Wholesale and Retail Trade; Construction; Manufacture of Food Products and
Beverages; and Manufacture of Textiles and Clothing.

25 Moreover, as results from the definition of these elasticities (and obviously, first of all, from the
fact that the total use of fuels in the economy is ‘divided’ in fuel use for production demand and
fuel use for final demand, and the CO» emissions here estimated are only the ones that result from
coal and oil combustion), the sum of the totals of columns (2), (3), (4) and (5) is equal to one. This
means that if all the sectors raise (reduce) the direct use of coal and oil in their production by 1%,
and simultaneously the final demand for coal and oil increase (decrease) also by 1%, then total
CO» emissions will enlarge (decline) in 1%.
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Column (7) shows the elasticities of the CO, emissions produced by the Por-
tuguese economy with respect to the row sum of the technical coefficients (a; ). As
an example, the result of 0.35 in Fossil Fuel Electricity Generation means that if
the use of the sector’s output as an input to all the sectors increases (decreases) by
1%, the overall CO, emissions will increase (decrease) by 0.35%. Moreover, the
other products whose more efficient use (as inputs) by all the sectors may lead to
more significant reductions in CO, emissions are those from the following sectors:
Electricity Distribution; Land Transport and Transport Via Pipeline Services; Ex-
traction and Manufacture of Non-Metallic Minerals; and Manufacture of Chemicals
and Chemical Products. This clearly indicates that the greatest reduction in CO,
emissions is to be achieved if all the sectors become more efficient in the use of first
electricity, and then transport.

Final Comments

The results obtained in this empirical application are clear evidence of the ‘value-
added’ that the input-output technique may bring to policy analysis, as an approach
which takes economic interrelations into account when analyzing CO, production
(Gay and Proops 1993).

Indeed, it appears that there is significant general awareness about the CO, emis-
sions that occur from direct energy use in households and private cars, as well as
about the CO; emitted directly in energy industries and by the transport sectors. But
more significant is that it appears that there does not exist a general awareness about
the major importance of industries’ indirect production demand for fuels, and con-
sequently of the fact that the great majority of direct consumption is ‘responsible’
for much more CO, production indirectly than directly.

Therefore, the analysis performed here may help policy-makers in dealing with
the problem of CO, emissions as they are better informed about the root causes of
some outcomes.

It may also help to make final consumers aware that the non-primary energy
goods and services they purchase from industry sectors have entailed CO, emis-
sions in their production. Indeed, through adequate sensitization campaigns it is
possible to show to final consumers that they have much more ‘responsibility’ for
CO; emissions than they usually assume. Then, it is possible to pass the ‘message’
to them that their individual action in terms of the goods and services they purchase
(or not) may ‘count’ in the global struggle against climate change.

Concerning the sensitivity analysis of the CO, emissions produced by the Por-
tuguese economy, is possible to say that two major kinds of conclusion can be made
from it.

On the one hand, as the data we use is not perfectly known, this analysis can
provide a guide to which components of the data set need to be determined most
accurately. Actually, e.g., if the elasticity of total CO, emissions with respect to a
specific item of data is large, the inaccuracy in such a particular item of data matters
much more than if the elasticity is small.
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On the other hand, such an analysis has a role to play in policy analysis and for-
mulation. Indeed, it was here shown that its use allows, e.g., the identification of
the potential for reducing CO, emissions through changes in the technologies used
(through the analysis of the elasticities associated with the elements of the tech-
nological matrices A, C and P), as well as the examination of the changes in the
structure of the final demand which would be most worthwhile for reducing CO,
emissions (through the analysis of the elasticities associated with the specific ele-
ments of the final demand vector y). This is a particularly valuable feature, because
as interest is in identifying policies that may reduce CO, emissions, one may con-
sider how changing these parameters may be effective in achieving this aim.

Thus, it is possible to claim that one of the key accomplishments of the use of
this type of modeling, which integrates economic, energy and environmental inter-
actions in an input-output framework, is that it allows the analysis of how energy,
and therefore CO, emissions, are related to industrial production, and ultimately to
final demand, making it a tool particularly important for (ex ante?® and/or ex post)
policy analysis purposes.

Appendix List of Sectors in Portuguese

Box 25.2 List of Sectors in Portuguese Input-Output Table (IOT)
IProposed designation adopted for the IOT Portuguese National Accounts Nomenclature
used in Chapters 25 and 28 (SEC-95, Base 95)
01 Agriculture, hunting and related service 01 Agriculture, hunting and related service
lactivities activities
02 Forestry, logging and related service 02 Forestry, logging and related service
lactivities activities
03 Fishing and related service activities 05 Fishing, operation of fish hatcheries and
fish farms; service activities incidental to
fishing
04 Mining and manufacture of coal 10 Mining of coal and lignite; extraction of
by-products peat
05 Extraction of crude petroleum and natural 11 Extraction of crude petroleum and natural
lgas, and manufacture of refined petroleum gas; service activities incidental to oil and gas
products extraction excluding surveying
23 Manufacture of coke, refined petroleum
products and nuclear fuel
06 Electricity production, transport and 40 Electricity, gas, steam and hot water
distribution supply
07 Gas production and distribution

(continued)

26 Indeed, both the model and the database are formulated in terms of detailed technical parameters,
on a multisectoral basis, that can be directly evaluated by technical experts and readily changed in
order to explore the consequences of alternative scenarios (see Cruz 2002b, c).
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IProposed designation adopted for the [OT
used in Chapters 25 and 28

Portuguese National Accounts Nomenclature
(SEC-95, Base 95)

08 Water supply

09 Extraction and manufacture of ferrous and
mon-ferrous Ores and metals

10 Extraction and manufacture of
mon-metallic minerals

11 Manufacture of chemicals and chemical
products
12 Manufacture of fabricated metal products

13 Manufacture of electrical and
mon-electrical machinery and equipment

14 Manufacture of transport equipment

15 Manufacture of food products and
beverages

16 Manufacture of tobacco and tobacco
products

17 Manufacture of textiles and clothing

18 Manufacture of leather and footwear

19 Other manufacturing products (including
wood, cork and furniture)

20 Manufacture of pulp, paper, paper
products and printing products

41 Collection, purification and distribution of
water
12 Mining of uranium and thorium ores

13 Mining of metal ores
27 Manufacture of basic metals
14 Other mining and quarrying

26 Manufacture of other non-metallic mineral|
products

24 Manufacture of chemicals and chemical
products

28 Manufacture of fabricated metal products,
except machinery and equipment

29 Manufacture of machinery and equipment
n.e.c

30 Manufacture of office machinery and
computers

31 Manufacture of electrical machinery and
apparatus n.e.c.

32 Manufacture of radio, television and
communication equipment and apparatus

34 Manufacture of motor vehicles, trailers
and semi-trailers

35 Manufacture of other transport equipment
15 Manufacture of food products and
beverages

16 Manufacture of tobacco products

17 Manufacture of textiles

18 Manufacture of wearing apparel; dressing
and dyeing of fur

19 Tanning and dressing of leather;
manufacture of luggage, handbags, saddlery,
harness and footwear

20 Manufacture of wood and of products of
wood and cork, except furniture; manufacture
of articles of straw and plaiting materials

33 Manufacture of medical, precision and
optical instruments, watches and clocks

36 Manufacture of furniture; manufacturing
n.e.c.

21 Manufacture of pulp, paper and paper
products

22 Publishing, printing and reproduction of
recorded media

(continued)
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IProposed designation adopted for the [OT
used in Chapters 25 and 28

Portuguese National Accounts Nomenclature
(SEC-95, Base 95)

21 Manufacture of rubber and plastic
products

22 Construction

23 Recycling, recovery and repair services

24 Wholesale and retail trade

25 Hotel and restaurant services

26 Land transport and transport via pipeline
services

27 Water and air transport services

28 Supporting and auxiliary transport
services

29 Post and telecommunication services

30 Financial intermediation services (except
linsurance and pension funding services)

31 Insurance and pension funding services

32 Real estate services and other renting
services

33 Education and research and development
services

34 Health and veterinary market services
35 Other services (market and non-market)

36 Public administration non-market services

25 Manufacture of rubber and plastic
products

45 Construction

37 Recycling

50 Sale, maintenance and repair of motor
vehicles and motorcycles; retail sale of
automotive fuel

51Wholesale trade and commission trade
services, except of motor vehicles and
motorcycles

52 Retail trade services, except of motor
vehicles and motorcycles; repair services of
personal and household goods

55 Hotel and restaurant services

60 Land transport and transport via pipeline
services

61 Water transport services

62 Air transport services

63 Supporting and auxiliary transport
services; travel agency services

64 Post and telecommunication services

65 Financial intermediation services, except
insurance and pension funding services

66 Insurance and pension funding services,
except compulsory social security services
67 Services auxiliary to financial
intermediation

70 Real estate services

71 Renting services of machinery and
equipment without operator and of personal
and household goods

73 Research and development services

80 Education services

85 Health and social work services

72 Computer and related services

74 Other business services

91 Membership organization services n.e.c.
92 Recreational, cultural and sporting
services

93 Other services

95 Private households with employed persons
75 Public administration and defense
services; compulsory social security services
90 Sewage and refuse disposal services,
sanitation and similar services
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