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This paper describes the construction and analysis of a disaggregated input-output model and its
extension to a social accounting matrix (SAM) for the Spanish economy in 2013. Our focus is the speciﬁc
disaggregation of the electricity industry into the generating, transmission, distribution and marketing
businesses, which were decoupled in 1997 under legislation prohibiting any single company from
conducting more than one of them. The multi-sectoral framework also allows disaggregation of electricity generating by production technologies (wind, nuclear, conventional thermal, hydropower, solar
and other technologies). To the best of our knowledge, this is the ﬁrst paper in which this information is
presented in a multi-sectoral framework for the Spanish economy, which is enormously dependent on
the electricity industry. The structural analysis reveals the industry's role in Spain and the importance of
its activities. None of the electricity generating businesses is a Rasmussen key sector, and generating and
distribution are both capital-intensive activities. Meanwhile, conventional thermal and hydropower
generating together make up more than 50% of total output in value terms, while nuclear power accounts
for only around 7%. Finally, imports and exports of electricity are small, and almost all demand is covered
by domestic production.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction
Energy dependence and its impact on economic growth is a
major current concern both for society in general and for the scientiﬁc community in particular. Meanwhile, the price of electricity
directly affects consumption and production decisions, given that
power is indispensable both in the home and in industry. It is a
commonplace that energy takes different forms, and it can therefore be classiﬁed in at least two categories. The ﬁrst refers to the
availability of energy sources (non-renewable such as fossil fuels
and nuclear energy, or renewable such as hydropower, wind, solar
and biomass). The second category is based on the energy source
used, allowing us to distinguish between primary energy (found in
nature, such as oil or hydraulic energy) and secondary energy,
deﬁned as the ﬁnal energy obtainable from a primary source by
means of some kind of transformation. It is this category with
which the present study is concerned.
This paper focuses on the Spanish electricity industry and its
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relationships with the rest of the country's activities in a multisectoral context. Spain's economic growth in recent decades
cannot be understood without considering the signiﬁcant development and changes that have occurred in the energy industry.
Economic growth in the 1980s and 90s was to a considerable extent
based on energy-intensive industries, resulting in rising demand
for energy in the expansive phase of the economic cycle (until the
international crisis of 2007) even while the EU trend was already on
a downward path ([1]). Strong national demand for energy coupled
with very limited primary energy production (given Spain's scarcity
of conventional energy resources) created a panorama informed by
a strong potential energy deﬁcit and country vulnerability, threatening further economic expansion. According to [2], Spanish energy dependence in 1997 was as high as 71%. This drove the search
for alternatives in the form of energy diversiﬁcation, progressive
deregulation and the decoupling of the electricity system in 1997.
Speciﬁcally, the Spanish Electricity Industry Act (Law 54/1997) laid
the foundations for the current electricity model for the sector,
seeking to deregulate the sector and guarantee the power supply at
the lowest possible cost. As a crucial step in this deregulation
process, articles 11 and 14 of the Act provided for the unbundling of
the power utilities' generating, distribution, transport and
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marketing businesses. Major issues nevertheless persist, including
scant competition, the rising tariff deﬁcit, regulatory uncertainty
(affecting self-consumption initiatives and the development of renewables), limited connexion with foreign grids, high capacity
tariffs, and occasional sharp price hikes (see Refs. [3] and [4]).
In this tangled context, any evaluation of the electricity industry's current role, its importance as a driver of economic growth,
and existing economic dependences and bottlenecks will require a
new description of interrelationships both within the sector and
between it and the rest of the economy. Our work is a ﬁrst step in
this direction, providing a structural analysis of the electricity industry in Spain, of its operational subsectors and of the associated
production technologies. To this end, we focus on building and
analysing an input-output table (IOT) of the Spanish economy in
2013 (the most recent year for which the basic input-output table
data are available for Spain), and on a speciﬁc disaggregation of the
electricity industry by activities and technologies. The IOT is further
extended to social accounts in order to include income relationships between sectors and institutions and to arrive at a disaggregated Social Accounting Matrix (SAM).
The disaggregated IOT and SAM produced are signiﬁcant results
in themselves, because this is the ﬁrst time, to the best of our
knowledge, that the Spanish electricity industry has been broken
down into a multi-sectoral schema despite its importance for the
economy as a whole. This disaggregation into 10 subsectors is
deﬁned by generating technologies and by transmission, distribution, marketing and related activities, opening the way to different
methodological options for policy design.
These disaggregated matrices provide the empirical basis for a
structural analysis of the links and dependences currently existing
between the Spanish economy as a whole and the electricity industry and its different subsectors. There is a wide literature on the
analysis of the relevance of energy sector in the economies, and its
relationship with the rest of economic sectors from different
methodological perspectives (see for instance [5e7] or [8]). Our
analysis will be based on the analysis of inter-sector linkages and
the study of the structure of the dependence chains in an inputoutput framework.
While the structural analysis is the central focus of this paper,
the disaggregated IOT and associated SAM have additional value per
se, as a basis for the future calibration of computable general
equilibrium models (CGEM). Despite the interest of CGEM in the
ﬁeld of energy issues, the design and evaluation of speciﬁc policies
is beyond the scope of this paper. In any case, the IOT and SAM
structures allow us to undertake an in-depth analysis of the electricity industry and its role in the Spanish economy using forward
and backward linkages, graph analysis, and dependence chains,
with signiﬁcant results.
Multi-sector IO models provide a powerful tool for economic
analysis because they can account not only for direct dependences
between sectors but also for all direct and indirect relationships
along the whole length of the supply chain [9e14]. These models
have been used to analyse the links between the energy and other
sectors of the economy like tourism [15] and agriculture [16].
Moreover, the extension of input-output databases to social accounting matrices (SAMs), including both IOT production accounts
and institutional and social accounts (such as Taxes, Government
Expenditure, Savings/Investment, Households, Trade, and Margins
and Taxes on products), allows the evaluation of relationships between energy use ([17]), GHG emissions ([18,19]) and the generation and distribution of income in the economy, as well as providing
a basis for the calibration of CGEMs ([20,21]) as mentioned above.
To sum up, our work could be considered a ﬁrst step towards the
design and assessment of a raft of future energy policies covering,
for instance, self-consumption, energy tariffs, and alternative
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technologies. Meanwhile, other European countries have also
pressed ahead with decoupling of the businesses involved in the
electricity industry following similar processes to that seen in
Spain. In this regard, our methodology and ﬁndings may also help
advance understanding of the energy production nexus and
structure in other European countries, even though the present
analysis focuses more narrowly on the Spanish economy.
The rest of the paper is organized as follows. In section 2, we
present the steps followed to obtain the disaggregated IOT for the
Spanish economy in 2013 from the original supply and use tables. In
section 3, we extend the IOT to obtain a SAM with a similar
disaggregation. Section 4 presents the results from the structural
analysis. The paper closes with some ﬁnal remarks and comments
on future lines of research.
2. A symmetric 2013 IOT and SAM for Spain with
disaggregated electricity industry
As explained in the introduction, our objective is to obtain a
disaggregated industry-by-industry 2013 symmetric IOT for the
Spanish economy with a special focus on the structure of the
electricity sector, and then to extend it to a SAM. Our starting point
is the most recent edition of the Spanish supply and use tables for
2013 published by INE [22]. Our initial IOT obtained from Ref. [22]
covers 63 industries and has only one sector referring to energy:
“Electricity, gas, steam and air conditioning” (sector code 35 in
NACE rev. 2). We proceeded in three steps. First, we disaggregated
the sector into Electricity, Gas and other subsectors. Next, the new
Electricity industry was again disaggregated into its main activities,
viz. Electricity Generating (further broken down into Wind generating, Nuclear generating, Conventional Thermal generating,
Hydrogenerating, and Solar and other generating), Transmission,
Distribution, Marketing and Related Activities. The result is an IOT
with 72 industries, 10 of which are energy related. Finally, having
obtained the IOT, we took the income ﬂows in the economy to
construct a SAM with the same energy industry disaggregation.
A symmetric IOT is usually obtained from the information
offered by supply and use tables. The supply matrix shows which
sector or industry is producing each kind of good and the levels of
output. It is a matrix of products (goods) by industries, and the
number of products may differ from the number of industries. A use
matrix shows which sector or industry consumes what kind of
goods in its own production processes. Our starting point is the
2013 supply and use tables for Spain published by Ref. [22].
Obtaining a symmetric IOT means reorganizing the information
included in the supply and use tables without changing the value of
the macro-economic aggregates. Symmetric IOTs can be either
industry-by-industry or product-by-product matrices, showing the
sales of each industry (product) in the ranks and the purchases of
each industry (product) to meet production needs in the columns.
IOTs also include sector information about both ﬁnal demand and
value added (VA). When reorganizing the supply and use tables, it
is necessary to decide if the symmetric IOT required is an industryby-industry or product-by-product table. This choice will depend
on the speciﬁc objective of the economic analysis concerned. We
use the former option because industry-by-industry IOTs are closer
to statistical sources in Spain. In addition, they are more commonly
applied to the Spanish economy (see Refs. [23e26]).
INE publishes supply and use tables annually. The most recent
INE supply and use tables refer to 2013 [22], which we used to
obtain the symmetric IOT following the criteria suggested by
Ref. [27]. More speciﬁcally, the IOT was built using the ﬁxed product
sales structure assumption. The result is a ﬁrst IOT, which we may
call 2013IOT. By way of illustration, Table 1 presents an aggregation
of 2013IOT with 5 productive sectors.

2,184,084
88,303
291,900
191,732

59,961
772,783
87,479
133,126
1,130,735
14,410
221,778
809
2351
52,552
1280
63,979
395
81,691
44,387

15,533
202,595
4540
5086
139,451

Exports
Gross capital
formation

Total uses at
purchaser
prices
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A ﬁrst reading of this table conﬁrms the relevance of the energy
complex in Spain and some of its characteristics. The industry
represented 4.52% of total Spanish output at basic prices in 2013,
but only 2.71% of value added, compared to 28.85% of total output
and 14.81% of VA in the case of manufacturing. Meanwhile, construction accounted for 6.88% of total output and 5.77% of VA. The
energy operating surplus represents 23.21% of total energy output,
slightly lower than the operating surplus in the service sector
(27.83%) but higher than in industry (11.23%). Finally, the VA/wages
ratios are 5.51 in Energy, 1.82 in Industry, 1.99 in Construction and
1.86 in Services, demonstrating high levels of productivity per
worker in the energy industry.
The table also reﬂects the energy industry's low levels of imports and exports. Thus, just 0.18% of total Spanish imports in 2013
were made by the energy sector and 0.28% of total Spanish exports.
By contrast, primary sector imports and exports were around 3.61%
and 4.94% respectively, and the ﬁgures for manufacturing were
85.12% and 75.98% respectively. Moreover, energy exports make up
hardly 0.92% of total energy output. Finally, the share of intermediate demand in total energy use is 79.43%, while household consumption accounts for more than 24.38% of total production.

Having calculated the 2013IOT from the supply and use tables,
our next objective was to disaggregate the energy sector into 10
different sectors to obtain a ﬁnal IOT, which we may call
2013IOTDE. This was done in two steps. First, we disaggregated
Energy into two sectors, Electricity and Gas. Next, we disaggregated
the new Electricity sector into nine subsectors based on external
information. The ﬁnal phase involved matching the ﬁgures so obtained applying the methods described in Refs. [28] and [29] to
avoid possible contradictions.
The starting points for this ﬁrst disaggregation were the Spanish
IOT for 2005 [30], which included both electricity and gas sectors
and their output at basic prices, and the production of electricity
GWh and gas in tonnes of oil equivalent (‘toe’) in 2005 and 2013,
obtained from the Spanish Industry Ministry [31,32]. Assuming
constant rates of monetary output/physical output, we can split
ﬁnal energy output per 2013IOT to obtain estimates at basic prices,
as shown in Table 2.
We then estimated the intermediate inputs, value added and
imports of the new Electricity and Gas sectors for 2013 using the
technical coefﬁcients and the coefﬁcients of value added and imports related to the output of both sectors for 2005, and the ﬁgures
from the Energy column of 2013IOT. We proceeded in the same way
to estimate intermediate and ﬁnal demand based on the Energy
row of 2013IOT1.
The next step was to break down the Electricity sector obtained
into 9 new sectors by generating technology used (5 sectors) and by
type of business (4 sectors). The resulting technological sectors
were Wind, Nuclear, Conventional Thermal, Hydropower and Solar
and other Generating, and the business sectors were Generating,
Transmission, Distribution, Marketing, and Related activities. The
main databases for this higher disaggregation are the Iberian Balances Analysis System (SABI in its Spanish acronym) [35], and the
Source: Own calculations.
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2,211,665
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59,961
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800,364
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86,969
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Output at basic prices
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510

1,923,235

819,063
970,034

485,315
440,393
9947
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306,053
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404,337
77,260

27,159
25,057
1732
4595
20,186
553

61,256
403,372
23,809

4320
26,796
5367

Total

Wages
Operating surplus
Taxes

76,195
62,301
114

19,456
227,346
21,328
10,236
540,697
40,348
462,618
69,486
43,933
353,649
4138
106,015
17,212
14,345
262,627
94
28,524
3326
25,001
20,315
66
23,964
28,645
937
7644
32,836
286,682
19,716
3506
60,632
3214
17,433
587
144
2431
Primary sector
Manufacturing
Energy
Construction
Services

Primary sector

Table 1
2013IOT with ﬁve sectors (Millions of Euros).

Manufacturing

Energy

Construction

Services

Total

Consumption

2.1. Disaggregation of the energy sector in 2013IOT

1
Certain minor changes were necessary because the Spanish National Classiﬁcation of Economic Activities (CNAE in the Spanish acronym) changed in 2009 from
CNAE-93 to CNAE-09, obliging us to aggregate in some cases and to disaggregate in
others.
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Table 2
Estimation of energy and gas production.

2005

2013

Electricity (GWh)
Gas (GWh)
Total output at basic prices
Electricity (GWh)
Gas (GWh)
Total output at basic prices

Output at basic prices
(Millions of Euros)

Physical units (GWh)

Rate

31,682
7752
39,434
79,490
7479
86,969

294,066
1817.16a

0.10773772
4.26616258

271,028
644

a
The Spanish Ministry used tons of oil equivalent (toe) as its standard measure of gas production until 2011, when it switched to gigawatt-hours (GWh). Based on [33,34],
we assume 1 GWh ¼ 53,144.8 toe/664 GWh ¼ 80.0403 toe.
Source: MINETUR [30e32].

Table 3
Electricity production data for 2013.

Electricity generating
Special regime premiums
Transmission
Distribution
Marketing
Total

Electricity
sold (GWh)

Price
(V/kWh)

Income (millions
of euros)

Taxes

Total (millions
of euros)

Tariff
deﬁcit*

Total including
tariff deﬁcit

235,986

0.05

11,799
9050
1672
5474
8967
36,962

20%
20%
20%
20%
20%

14,159
10,860
2006
6568
10,760
44,355

2359

27,378

560
2084

2566
8653
10,760
49,359

a
a

235,986

0.038
0.13

5004

a

Income received by the ﬁrms as a guaranteed debt.
Source: Own calculations.

Annual Electricity reports and activities review of the Spanish
Electric Industry Association (UNESA), especially [36] 2.
The “Related Activities” account contains estimates of activities
carried on by generating companies but which are not a part of
electricity generating as such, including civil engineering, rental of
electricity meters, and maintenance work at wind farms and hydropower plants. This separation means that the generating sectors' output includes only electricity generating per se. The
relevance of these activities is directly recognized in Ref. [38],
where it is estimated that the Related Activities and International
Activities of Spanish electricity companies represented around 55%
of their overall output in 2013.
To estimate the share of these related activities in the total
output of the electricity industry (V79.49 billion per Table 2), we
began with the value of electricity production in 2013, which we
identiﬁed with the production of other eight sectors. More specifically, considering that the electricity price in 2013 (excl. VAT and
other taxes) was around 0.1752 V/kWh for domestic uses and
0.1165 V/kWh for industrial uses according to [39], we have an
average price3 close to 0.13 V/kWh. Using [38,40,41], we split this
price into three components, namely generating cost (V0.05/kWh),
regulated cost of Transmission, Distribution and premiums
(V0.042/kWh), and marketing cost (V0.038). As shown in Table 3,
we then estimated total income from generating at some V27,378
million, and income from electricity activities (excluding related
activities) at V49,359 million. Finally, we can assume, given the
ratio 49,359/79,490 ¼ 62.09%, that 37.91% of the Electricity sector is
made up of Related activities, which produce total output worth
V30,135 million.
Consequently, we may assume that all Related Activities ﬁgures
in 2013IOTDE (columns and rows) are equal to 37.91% of the

2
The SABI database contains information on around 2,000,000 Spanish companies, representing more than the 90% of the national total. SABI data is a key tool
for our purposes because it is the only source in which the different activities of the
Spanish electricity system are signiﬁcantly disaggregated. The database is used, for
example, to disaggregate a SAM in Ref. [33].
3
We obtained this average of domestic and industrial prices taking into account
the respective shares of industries and consumer uses obtained from Table 1.

Electricity ﬁgures previously obtained, while the total output of the
eight remaining sectors is 79,490e30,135 ¼ 49,355 million euros,
which we split into the eight total productions using the SABI data
proportions.
After making the above adjustments, we proceeded to disaggregate the rest of the electricity industry into eight different sectors in three steps. We began the process by estimating the supply
variables, then the demand variables, and ﬁnally the intermediate
inputs. Taking these total values and the industry percentages obtained from SABI data on wages, social security taxes, value added
and imports, we were then able to obtain industry estimates of the
supply variables for the eight sectors. The exact criteria are shown
in Table A1 of the Appendix.
The SABI data and industry percentages also provide the basis
for the estimation of the ﬁnal demand variables in the sectors
concerned (Consumption, Government expenditures, Exports, etc.).
The criteria used are shown in Table A2 of the Appendix.
In order to complete 2013IOTDE, we now needed only to reckon
intermediate inputs. We used the percentages from Ref. [32] to
estimate the self-consumption of the different generating technologies. The remaining intermediate inputs of the new sectors
were obtained following [42]. Finally, estimates of intermediate
inputs from the new sectors demanded by non-energy sectors were
obtained by splitting the amounts concerned proportionally among
total uses.
The process explained above allows estimation of each of the
different elements of 2013IOTDE. However, the estimated ﬁgures
do not satisfy the three basic IOT equations: (i) the sum of column j
is equal to total resources j; the sum of row i is equal to total uses i;
and (iii) total resources j are equal to total uses i. An iterative GRAS
method (see Refs. [28] and [29]) was then used to match the estimated information in the table with the sums of rows and columns.
This procedure was applied in two steps. First, we updated the
value-added block, and then we applied the GRAS method to the
intermediate and ﬁnal demand matrix. We ﬁx the ﬁgures from
2013IOT, which do not change in the disaggregation process, thus,
these values do not enter in the GRAS process. The ﬁxed rows and
columns used for the matching procedure contain the same ﬁgures
as 2013IOT for the non-energy sectors. For the energy sectors,
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however, we were obliged to use the estimates obtained. The table
produced in this way is 2013IOTDE.
3. Extending 2013IOTDE to create a social accounting matrix
The extension of 2013IOTDE to a SAM means estimating the
relationships between productive sectors and institutional accounts, in our extension comprising L (labour), K (capital), H
(Households), SI (Savings/Investment), ﬁve tax accounts (Net taxes
on products, Social Security contributions paid by employers, Social
Security contributions paid by workers, Other net taxes on production, and Personal Income Tax (PIT), Government, Foreign trade
(Imports/Exports) and MT (Margins and taxes on products).
The ﬁgures in a SAM represent monetary transfers from one
account to another, which we can classify in four types: (i) Transfers
from productive sectors to other productive sectors, in our case
representing the intermediate inputs from 2013IOTDE; (ii) Transfers from productive sectors to institutional accounts, which extend
the information given by the demand variables in 2013IOTDE; (iii)
Transfers from institutional accounts to productive sectors, which
are also an extension of the 2013IOTDE supply variables; and (iv)
Transfers from institutional accounts to other institutional accounts, which are speciﬁc to the SAM.
The data used to extend 2013IOTDE were obtained from the
Spanish Revenue Service (AEAT in its ofﬁcial acronym), [43] and
[44], following the criteria described in published papers such as
[23]. The SAM obtained has 84 accounts, 12 of them institutional.
An aggregated SAM with only 14 productive and 8 institutional
accounts is shown in Table 4. The full SAM is available on request.
This table conﬁrms some of the features of the energy complex
mentioned above. One of them is the nugatory share of all electricity subsectors in imports and exports, the highest being 2.35% in
the case of Solar and other generating.
We may also observe that the labour compensation is lower
than in the rest of the sector blocks (4.23% of total resources in the
energy sector, versus 6.38%, 7.60%, 16.09% and 26.07% in the Primary sector, Industry, Construction and Services), a sign of the
electricity industry's characteristically high ratio of capital to labour. The sector with the highest percentage labour compensation
is Solar and other generating. By contrast, the capital compensation
is higher than in other sectors, representing 23.08% of resources

Table 4
Summary of the SAM 2013 (2013SAMDE).

compared to 44.69% in the Primary Sector, 7.60% in Manufacturing,
18.82% in Construction, and 27.07% in Services. In this case, Wind
and Nuclear generating exhibit the highest capital compensation
(87.76% of resources and 84.32% respectively), although the percentages in Transmission and Distribution are also very signiﬁcant.
Finally, household energy demand is around 24.31% of total
energy demand, as mentioned, 79.43% of which is intermediate
demand. Meanwhile, household energy costs account for around
the 2.17% of their total expenditure, compared to more than 36.41%
in services.
4. Results
Having presented the main features of the disaggregated IOT
and SAM, let us now turn to analyse the productive structure of the
Spanish economy focusing in particular on the electricity industry.
This will allow us to evaluate the centrality of the sector and its
dependence chain. We proceed by examining ﬁrst the inter-sector
linkages, which are illustrated by means of a graph, and then the
dependence chains found in 2013IOTDE using the Leontief model
([45]) commonly applied in the literature (see Ref. [26]).
4.1. Sectoral linkages
To begin our analysis of the electricity industry's role and the
importance of its various subsectors in the Spanish economy as a
whole, let us ﬁrst represent the main relationships with other
sectors by means of a graph, focusing initially on direct relationships. We will then complete the analysis taking into account the
indirect relationships between sectors through the information
provided by the backward and forward linkage indicators.
Fig. 1 shows energy and other strongly linked sectors (for the
sake of clarity, we omit other sectors that are less tightly connected
with energy). Each node represents a production sector, which is
indicated by a sector number (the grey number next to the node).
The arrow indicates the direction of the production ﬂow, which is
the inverse of the direction of the monetary ﬂow. The second ﬁgure
placed on the arrow represents purchases made by each sector as a
percentage of its total output (only cases above 3% are represented).
A ﬁrst look at the graph shows that one of the strongest intersector relationships is that between Manufacture of coke and
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Fig. 1. Main electricity sector relationships (purchases as a percentage of total sector
output).
Source: own work. 3: Fisheries and aquaculture. 4: Extractive industries. 10: Manufacture of coke and reﬁned petroleum. 11: Chemicals. 14: Manufacture of other nonmetallic mineral products. 15: Manufacture of iron, steel and ferroalloy products. 16:
Manufacture of metal products, except for machinery and equipment. 24: Wind
generating. 26: Conventional thermal generating. 27: Solar and other generating. 28:
Hydrogenerating. 31: Electricity marketing. 32: Related electricity sector activities. 33:
Gas. 36: Construction. 40: Overland transport and pipelines. 41: Maritime transport
and interior waterways. 42: Air transport. 48: Telecommunications. 60: Activities
related to employment. 62: Safety, investigation and ancillary activities.
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transmission (29) and Electricity distribution (30) do not appear on
the graph, indicating a low level of direct relationships with each
sector in particular, because they have small but signiﬁcant links
with all sectors. Extractive industries (4), Manufacture of coke and
reﬁned petroleum (10), Electricity marketing (31), Related electricity sector activities (32) and Gas (33) also play a key role. Three
generating sectorsdthermal (26), solar (27) and hydropower
(28)dare also structurally signiﬁcant, but less so than marketing
(31) or related activities (32).
The graph above is a simple representation of the direct links
between the electricity subsectors and the wider economy. However, the multi-sectoral framework allows us a more complete
analysis of these economic linkages, revealing not only direct relationships but also indirect links. This means we can analyse the
capacity of the sectors to produce the inputs needed by the
different electricity sectors in each of the production steps along
the whole of the supply chain.
If x denotes the production vector in an economy, y denotes net
ﬁnal demand, A ¼ (aij) is the matrix of total technical coefﬁcients
representing the technology, and (I-A)1 ¼ (aij) is the Leontief inverse matrix, then the equilibrium equation for this economy can
be written:
x ¼ Ax þ y; x ¼ (I-A)1 y

reﬁned petroleum (10) and Extractive industries (4), in which the
latter's sales are equal to 74% of the former's total output.
Furthermore, Extractive industries also sell inputs to Related electricity sector activities (32), Electricity marketing (31), Gas (33),
Manufacture of other non-metallic mineral products (14) and
Manufacture of products of iron, steel and ferroalloys (15), and it
buys inputs mainly from Manufacture of metallic products (16),
Overland transport and pipelines (40) and Chemicals (11). Meanwhile, Manufacture of coke and reﬁned petroleum (10) also sells
inputs to Fisheries and aquaculture (3), Chemicals (11), Solar and
other generating (27), Electricity marketing (31), Related electricity
sector activities (32), Maritime transport (41), Air transport (42)
and Overland transport and pipelines (40).
Wind generating (24) purchases a signiﬁcant 4% of its output
value from Related electricity sector activities (32), while Conventional thermal generating (26) buys inputs from Manufacture of
metallic products (16), Related electricity sector activities (32), Gas
(33), Construction (36), Telecommunications (48) and Safety and
investigation activities (62). It sells its output to Electricity marketing (31). Solar and other generating (27) buys inputs from
Manufacture of coke and reﬁned petroleum (10), Related electricity
sector activities (32) and Gas (33), and it sells to Electricity marketing (31). Hydrogenerating (28) buys inputs from Related electricity sector activities (32) and Gas (33), and it sells most of its
production to Electricity marketing (31).
Electricity marketing (31) purchases inputs from Extractive industry (4), Manufacture of coke and reﬁned petroleum (10), and,
given the sales of the different generating technologies, from
Conventional thermal generating (26), Solar and other generating
(27), Hydrogenerating (28), and Related electricity sector activities
(32), as well as Gas (33). The sector sells its output to Manufacture
of other non-metallic mineral products (14).
Related electricity sector activities (32) buys inputs from (4),
(10), (11), (28), (31) and (33) and sells part of its production to
Manufacture of other non-metallic mineral products (14), Wind
generating (24), Conventional thermal generating (26), Solar and
other generating (27), Hydrogenerating (28), and Electricity marketing (31).
To sum up, the electricity subsectors are closely related with
basic industries, and with a signiﬁcant part of the transport and
service sectors. Moreover, Nuclear generating (25), Electricity

(1)

In our case, A ¼ (aij) is obtained from 2013IOTDE by dividing
intermediate inputs by total sectoral outputs (excluding imports).
The Leontief inverse, (I-A)1 ¼ (aij) shows the inputs generated in
sector i that are directly or indirectly incorporated per unit of ﬁnal
demand of sector j.
The unitary backward coefﬁcients Bj are calculated as the sum of
the (I-A)1 columns(see Eq. (2)) and show the production generated in the whole economy per unit of ﬁnal demand. In other
words, the backward coefﬁcients reﬂect the capacity of a sector to
drive economic activity when its ﬁnal demand increases (household consumption, investment, exports,..). The global backward
coefﬁcients Bj are the sums of the ðI  AÞ1 b
y columns and estimate
the vertically-integrated production associated with the ﬁnal demand of sector j.

Bj ¼

X

aij ;

Bj ¼ yj

i

X

aij

(2)

i

The unitary forward coefﬁcients Fi are calculated as the sum of
the (I-A)1 rows (see Eq. (3)). These coefﬁcients compute the sectoral output incorporated per an additional unit of ﬁnal demand in
all sectors of the economy. Hence, these coefﬁcients tell us how
different sectors facilitate the activity of others by supplying the
inputs they need to fulﬁl their ﬁnal demand. The global forward
coefﬁcients are calculated as the sum of the ðI  AÞ1 b
y rows and are
equal to sectoral production.

Fi ¼

X
j

aij ;

Fi ¼

X

aij yj

(3)

j

According to [46], economic sectors can be classiﬁed according
to their capacity to boost the economy through direct and indirect
purchases from all other sectors (backward linkages), their capacity
to facilitate the activity of other sectors (forward linkages), or both.
Thus, an industry may be regarded as a key sector when both
linkages are above the average values for the economy, as a backward sector if only its backward linkage is above average, and as a
forward sector if the forward linkage is higher than the average.
Finally it will be a non-signiﬁcant sector if both linkages are below
the average values. Although this classiﬁcation is made on the basis
of unitary indicators in the literature, a complementary picture of
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Table 5
Backward and forward linkages of sectors associated with energy activities.

3
4
10
11
14
15
16
24
25
26
27
28
29
30
31
32
33
36
40
41
42
48
60
62

Fisheries and aquaculture
Extractive industries
Manufacture of coke and reﬁned petroleum
Chemicals
Manufacture of other non-metallic mineral products
Manufacture of iron, steel and ferroalloy products
Manufacture of metallic products, except for machinery and equipment
Wind generating
Nuclear generating
Conventional thermal generating
Other generating
Hydrogenerating
Electricity transmission
Electricity distribution
Electricity marketing
Related activities
Production, distribution and commercialization of gas and steam,
and air conditioning
Construction
Overland transport and pipelines
Maritime transport and interior waterways
Air transport
Telecommunications
Activities related to employment
Safety, investigation and ancillary activities
Average

Unitary
backward

Unitary
forward

Classiﬁ
cation

Global
backward

Global
forward

2.5312
2.5871
3.6408
3.5265
2.8940
3.5034
3.0354
1.2763
1.1631
2.8665
2.7731
3.4733
1.2103
1.0002
3.8850
3.0381
2.8476

1.0818
8.5290
6.0231
7.6420
2.0476
5.4969
3.7093
1.1262
1.0701
1.5525
1.6765
1.9292
1.1557
1.2721
2.5538
4.8932
2.2138

Backward
Key
Key
Key
Backward
Key
Key
N. S.
N. S.
Backward
Backward
Backward
N. S.
N. S.
key
Key
Backward

3518
118,281
33,459
10,287
4045
9085
12,650
1068
158
5783
6962
2990
266
808
19,403
13,910
1484

2972
6244
45,470
48,352
15,452
40,587
27,426
1889
725
6513
8154
8492
1599
3219
18,764
30,135
7479

2.5121
2.4474
2.7458
2.9906
2.0813
1.2116
1.6924
2.3370

3.1256
3.9010
1.0641
1.4515
2.8464
1.4406
3.4888
2.3370

Key
Key
Backward
Backward
Forward
N. S.
Forward

221,913
49,790
6003
17,710
32,149
2
174
26,712

132,271
47,156
2840
9806
34,910
3265
27,074
26,712

Source: Own work.

the sectors' importance in the economy can also be obtained from
the global backward and forward linkages.
A key sector depends on other industries, which is to say it uses
inputs from other sectors in order to incorporate them in its production process and, in turn, its output is sold to other industries to
be modiﬁed in their production processes. Hence, such a sector will
be highly integrated in the economic structure, both pulling and
pushing the activity of other sectors. In a backward or forward
sector, however, only one of these two perspectives will predominate. Table 5 shows the values for the energy sectors and for certain
sectors strongly linked to them (see Fig. 1), as well as the average
values for the Spanish economy as a whole.
Two out of the nine new electricity sectors obtained from our
disaggregationdElectricity marketing (31) and Related electricity
sector activities (32)dare key sectors. Marketing has a backward
linkage of 3.88 compared to an average value of 2.34, while the
backward linkage of Related activities is 3.04. Three sectorsdConventional thermal generating (26), Solar and other
generating (27) and Hydrogenerating (28)dare backward sectors.
These ﬁve sectors all boost growth in the Spanish economy when
their demand increases, but only the ﬁrst two facility it signiﬁcantly, especially Related activities, which has a forward linkage
equal to 4.89. Surprisingly, the remaining sectors (wind and nuclear
generating, and electricity transmission and distribution) belong to
the non-signiﬁcant category. In other words, they have only a very
limited role as drivers of growth.
Extractive industry (4) is a key sector, and it has the highest
forward coefﬁcient, so that when production expands it generates a
large increase in the output of the remaining sectors in terms of
both sales and purchases. This is important for us because it produces inputs for energy sectors, although it is not itself an energy
industry. This is also the case with the Manufacture of coke and
reﬁned petroleum (10), another key sector with a high forward
linkage of 6.02 compared to an average value 2.34.
Table 5 shows a further ﬁve key sectors, three of them industriald(11), (15) and (16)d, Construction (36) and a transport sector
(40). These sectors are important drivers of the Spanish economy,

and electricity and/or energy is an essential input for them. Energy
is in fact crucial for the Spanish economy because of its links with
the industrial, construction and service sectors rather than in itself.
4.2. Analysis of the dependence chain of electricity sectors in the
Spanish economy
The foregoing analysis conﬁrms the importance of the electricity
industry to the Spanish economy. To explore this matter further, let
us classify the different sectors of the Spanish economy based on
their greater or lesser supply- and demand-side capacity, evaluating both of them in a global way, in direct and indirect terms. This
classiﬁcation will provide an overview of the global dependence
chains between the different productive sectors in the economy.
We use the methodology described in Ref. [47], which consists
of organizing the hierarchy of sectors according to their nature as
supply- or demand-side industries. The criterion followed involves
placing the more independent sectors (stronger supply-side characteristics) at the beginning of the table and the more dependent
sectors (dominant demand-side) at the end. Thus, the sector which
directly or indirectly demands inputs from the most sectors will be
placed at the end of the chain. An iterative method was used to
obtain the classiﬁcation, starting with the inverse Leontief matrix
obtained from 2013IOTDE. In each step of the iteration, we eliminated all scores below a given value for the step concerned,
focusing only on the purchases and sales described by the
remaining coefﬁcients.
If no coefﬁcients are removed from our matrix, we ﬁnd that it
can be broken down into two indecomposable4 blocks, the ﬁrst
comprising sectors (1) to (71) and the second formed only by Activities of households as employers (72). In our hierarchy, then,
sector (72) appears in the last position, because it has zero intermediate sales to other sectors.

4
A block is indecomposable if any sector of this block sells inputs directly or
indirectly to all sectors of the block.
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Then, removing the coefﬁcients smaller than a value b small
enough, we can break the previous block with 71 sectors into two
new indecomposable blocks. One with 70 sectors and another
composed by only one sector, Scientiﬁc research and development
(56), which has no signiﬁcant sales to any sector. For this reason,
this sector (56) appears in the new hierarchy in post 71, before
sector (72). We can repeat iteratively this process, putting the
unisectoral block in front position or behind depending on if the
block has null purchases or null sales. The process ﬁnishes when all
sectors are ordered. We can see the hierarchy obtained in Fig. 2.
As may be observed, ﬁve key sectors of the Spanish economydChemicals (11), Construction (36), Metals (15), Transport (40)
and Metal manufactures (16)dare placed in the central part of the
classiﬁcation with Chemicals (11) at the top (position 19 of 72) and
Construction (36) at the bottom in position 38. The size and key
nature of these industries drive the role of electricity activities, as
mentioned above. A further two sectors, Extractive industries (4)
and Coal and oil (10) also occupy central positions, respectively
placed the 16th and 24th, as major suppliers of the electricity
industry.
The result of all this is that certain electricity sectors also occupy
relatively central positions. For example, Solar and other generating
(27) is placed 43rd, while Hydrogenerating (28) ranks 34th. However, the technical nature or dominant backward roles of other
sectors push them towards the extremes of the classiﬁcation, as
explained above. For example, Distribution (30) is placed ﬁrst in the
list as a supplier of all of the other sectors, while Transmission (29)
and Nuclear (25) are in the 64th and 65th place, revealing that they
sell their output either directly to consumers or to intermediate
sectors which make very signiﬁcant sales to end consumers.
5. Final remarks and future research
The Spanish energy system faces major challenges, which will
have crucial implications both for the future development of the

1 * * *
2 * *
3 *
4
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electricity sector and for the economy as a whole. Key issues
include scant competition, the tariff deﬁcit, faulty tariff design, a
raft of uncertainties, potential market integration and the introduction of new technologies. In this context, the need for tools that
provide detailed information on the complexities of the sector and
its relationships with the rest of the economy is a matter of some
urgency. This paper takes a ﬁrst step in this direction, contributing
to an accurate depiction of the sector's structure. To that end, we
have constructed and disaggregated an IOT for the Spanish economy in 2013, disaggregating the electricity sector by activity
(generating, transmission, distribution, marketing, and related activities). Generating was then further disaggregated into the
different production technologies. The resulting table reveals the
interrelationships between electricity sector activities and the rest
of the economy. To the best of our knowledge, this is the ﬁrst time
that energy activities in the Spanish IOT have been disaggregated
into ten sectors (nine electricity sectors and gas activities) to throw
light on the technological structure of the industry and intersectoral links. We have also extended the IOT to a SAM with 11
additional accounts, including ﬁve tax accounts and one trade
account.
We began by representing sectoral relationships in a graph and
calculating forward and backward linkages to obtain an initial
picture of the structural role played by electricity activities. This
analysis was further ﬂeshed out by an examination of dependence
chains through the hierarchical classiﬁcation of sectors based on
their supply- or demand-side nature.
One of the salient structural features of the Spanish electricity
system is its scant connection with foreign power distribution
grids. Connections with France, Portugal and Morocco are far what
might be considered a desirable level, which means that domestic
output must meet Spanish demand practically in its entirety, while
exports and imports of electricity are absolutely nugatory. This has
serious consequences for competitiveness and has fostered the
emergence of oligopolistic structures. There can be no doubt that

2
1

3

Fig. 2. Hierarchy of seller and buyer sectors.
Source: own work. The names of each sector are provided in Table A3 of the Appendix.

4
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increasing the level of connections with France and other countries
would encourage competition in the electricity market and help
secure the power supply.
Another signiﬁcant ﬁnding is that both generating and the
transport and distribution sectors are highly capital intensive but
create relatively few jobs. This is doubtless largely a consequence of
the technical characteristics of these activities, but it also points to
the highly relevant fact that these industries are not a priori drivers
of employment. As we revealed by the linkages analysed, however,
the sector is strongly linked to extractive industries (notably coal),
which do create jobs, and this is something that should not be
lightly passed over.
Our ﬁndings with regard to the “key” nature of the electricity
sector were something of a surprise. It is common sense to suppose
electricity to be essential to economy, and it might therefore be
imaged that these are “Rasmussen” key sectors. As we have seen,
however, this is true only of Electricity marketing, while all of the
others except Related activities are backward sectors (i.e. demand
predominates over supply), or they are not signiﬁcant. Hence, none
of the electricity generating sectors is key. The explanation is
fortunately simple and may be observed in Table 5. All of these
sectors have strong linkages to metals industries, construction and
transport, and their signiﬁcance to the wider economy lies in their
role in aiding the development of these sectors.
The disaggregation of the electricity sectors also revealed how
varied they actually are, which should put us on our guard about
making overly general analyses. The power generated by conventional thermal systems and hydroelectric plants accounts for more
than 50% of the value of electricity output, yet it is nuclear and wind
power that exercise public opinion. Nuclear power produces only
around 7% of total output, while wind generating suffers from the
problem of variability and the technical difﬁculty of accumulation.
This may be why neither these two sectors are relevant under the
Rasmussen classiﬁcation, as shown in Table 5.
The electricity sectors are also very different in terms of the

business models involved: while the generating sectors' revenues
are determined basically by daily electricity auctions, transport and
distribution revenues are tariff-based, and the marketing sector
operates under fundamentally competitive conditions. This is a
further indication of the highly varied nature of the industry as a
whole, and therefore of the need to ensure that analyses take account of inter-sector differences.
These differences and the limitations of the structural analysis
based on input-output tables described in this paper provide the
starting point for our main line of future research, the extension of
the SAM obtained to a computable general equilibrium model at
the same level of disaggregation. This would provide a sound basis
for the analysis of differentiated policies targeting the various
sectors involved in the electricity industry and it would allow
quantiﬁcation of the likely effects of upgrading connections with
Europe, as well as evaluation of the possible outcomes of changes in
consumption patterns or the mix of generating technologies.
Finally, electricity sector activities have also been decoupled in
other European countries, and in this light our methodology and
conclusions about the structure of electricity production may well
be applicable to other countries or regions. This is a further line of
research which we hope to address at some point in the future.
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Appendix

Table A1
Criteria estimation for Supply variables.
Sectoral variables in SABI data
for electricity sector j

Variable name of electricity
sectors j from 2013IOTDE

Criteria for estimation

Aggregated value (a¼(aj))

Value added at basic prices (b¼(bj))

bj ¼ Pj a 0:6209Value added in Electricity sector
a

j

j

Personnel expenditure (c¼(cj))

Gross wages and salaries (e¼(ej))

c
ej ¼ Pj c 0:6209Wages and salaries in Electricity sector

Social contributions (f¼(fj))

contributions in Electricity sector
fj ¼ ej tf ; with tf ¼ Social
Wages and salaries in Electricity sector

Remuneration of employees (d¼(dj))

dj ¼ ej þ fj
cg
0:6209Other net taxes on production in Electricity sector
hj ¼ P

j

j

Corporate tax (g¼(gj))

Other net taxes on production (h¼(hj))

gj

j

Out-turn for the ﬁnancial year
(k¼(kj))

Gross operating surplus/Mixed
income (n¼(nj))

~ j ¼ kj þ lj þ mj , then nj is estimated as:
We obtain n
~
n

nj ¼ Pj ~ 0:6209Gross operating surplus=Mixed income in Electricity sector
nj

j

Allowances for depreciation
(l¼(lj))
Financial expenses (m¼(mj))
Operating Income (u¼(uj))

Total resources (v¼(vj))

vj ¼ Pju 0:6209Total resources in Electricity sector
u

j

j

Corporate tax (g¼(gj))

Net taxes on products (p¼(pj))

pj ¼ Pj g 0:6209Net taxes on products in Electricity sector

Imports (q¼(qj))

Total imports (r¼(rj))

q
rj ¼ Pj q 0:6209Total imports in Electricity sector

Imports EU (s¼(sj))

EU imports in Electricity sector
sj ¼ rj ts ; with ts ¼ Total
imports in Electricity sector

Imports RoW (t¼(tj))

RoW imports in Electricity sector
tj ¼ rj tt ; with tt ¼ Total
imports in Electricity sector

g

j

j

j

j

Production at basic prices (x¼(xj))
Production at purchaser prices
(w¼(wj))
Total intermediate inputs (z¼(zj))
Source: Own work with data from Refs. [34,36,37].

xj ¼ vj  rj
wj ¼ xj  bj
zj ¼ wj  pj
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Table A2
Criteria estimation for Final demand variables.
Sectoral variables in SABI data
for electricity sector

Variable name of electricity sectors i from
2013SIOTDE
Total use (C¼(Ci))
Consumption of households (E¼(Ei))

Criteria for estimation
Ci ¼ vj, Total uses are equal to Total resources
Hi ¼ PCiC 0:6209Consumption by households in Electricity sector
i

i

Consumption of the non-proﬁt institutions
(F¼(Fi))
Consumption of Government (G¼(Gi))

Hi ¼ PCiC 0:6209Consumption by non  profit institutions in Electricity sector

Total ﬁnal consumption expenditure (H¼(Hi))
Gross ﬁxed capital formation (K¼(Ki))

Hi ¼ Ei þ Fi þ Gi
i
0:6209Gross fixed capital formation in Electricity sector
Ki ¼ PJiðJLL
Þ

i

i

Hi ¼ PCiC 0:6209Consumption by Government in Electricity sector
i

i

Fixed assets 2010 (J¼(Ji))

i

i

i

Fixed assets 2009 (L¼(Li))
Inventories 2010 (M¼(Mi))

Variation of inventories (N¼(Ni))

We estimate Ni as Ni ¼ ðMi  Oi Þ  rCi , with r being
2P
3
ðMi Oi Þ0:6209Variation of inventories and :::: in Electricity sector
6 i
7
P
r¼4
5
C
i

i

Inventories 2009 (O¼(Oi))
Gross capital formation (P¼(Pi))
Total exports (R¼(Ri))

Exports (Q¼(Qi))

P i ¼ Ki þ N i
Ri ¼ PQi 0:6209Total exports in Electricity sector
Qi

i

Exports EU (S¼(Si))

EU exports in Electricity sector
Si ¼ Ri tS ; with tS ¼ Total
exports in Electricity ector

Exports RoW (T¼(Ti))

RoW exports in Electricity sector
Ti ¼ Ri tT ; with tR ¼ Total
exports in Electricity sector

Total ﬁnal demand (U¼(Ui))
Total intermediate demand (V¼(Vi))

Ui ¼ Hi þ Pi þ Ri
Vi ¼ Ci  Ui

Source; Own work.

Table A3
Accounts of the SAM.
Accounts
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Agriculture, livestock, hunting and related services
Forestry and logging
Fisheries and aquaculture
Extractive industries
Agrifood industry
Textile industry
Industry of wood and cork
Paper industry
Graphical arts and reproduction of recorded media
Manufacture of coke and reﬁned petroleum
Chemicals
Manufacture of pharmaceutical basics and prepared pharmaceutical products
Manufacture of products of rubber and plastic
Manufacture of other non-metallic mineral products
Manufacture of products of iron, steel and ferroalloys
Manufacture of metallic products, except for machinery and equipment
Manufacture of computer products, electronic and optical products
Manufacture of material and electrical equipment
Manufacture of machinery and equipment n.c.o.p.
Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of other transport equipment
Manufacture of furniture; other manufacturing
Repair and installation of machinery and equipment
Generation of electricity from wind
Generation of electricity from nuclear
Generation of electricity from conventional thermal
Generation of electricity from other sources
Generation of hydropower
Transmission of electricity
Distribution of electricity
Commercialization of electricity
Related activities to the electricity sector
Gas, steam and air conditioning
Collection, puriﬁcation and distribution of water
Withdrawal and treatment of waste water and residues
Construction
Sale and repair of motor vehicles and motorcycles
Wholesale trade
Retail trade, except for motor vehicles and motorcycles
Overland transport and pipelines
Maritime transport and interior waterways
(continued on next page)
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Table A3 (continued )
Accounts
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
L
K
H
SI
Cotizem
tn
Ty
Cotizt
IRPF
G
FT
MT
sum

Air transport
Storage and attached activities to transport
Post and courier activities
Hosting, service of meals and drinks
Publishing
Activities of cinema, television and music
Telecommunications
Information, transmission and computer services
Financial services, except insurance and pension funding
Insurance, reinsurance and pension funding, except compulsory social security
Auxiliary activities to ﬁnancial services and to insurances
Real estate activities
Juridical and consultation activities
Technical services of architecture and engineering; tests and technical analyses
Scientiﬁc research and development
Advertising and market research
Other professional, scientiﬁc and technical activities; veterinary activities
Rental activities
Activities related to employment
Activities related to tourism
Safety activities and investigation and auxiliary activities to companies
Public administration and defence
Education
Sanitary activities
Activities of social services
Activities of arts, entertainment and recreation
Sports activities and amusement and recreation activities
Activities of membership organizations
Computer repair, personal items and housewares
Other personal services
Activities of households as employers
Labor
Capital
Household
Savings/Investment
Social contributions by employers
Net taxes on products
Other net taxes on production
Social contributions by employees
Income tax from individuals
Government expenditure
Foreign trade
Margins and taxes on products
Total (equal to total resources)

Source: own work.
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