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Abstract. Aim of presented paper is provide the latest approaches towards energy security, to examine
methodological foundations used, and to contribute to the contemporary discussion by providing new in-
sights stemming from emerging needs of enhancing energy security. In the presented paper a role of ener-
gy efficiency among other constituents of energy security is being discussed. The second — analytical —
part of paper is devoted to forecasting of long-term (until year 2050) energy intensities in household sec-
tors in the following countries: Lithuania, Estonia, Belgium, Germany, Luxemburg and Bulgaria. Author
claims, that revealed differences provide theoretically grounded foundations for further benchmarking of

energy intensities.
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1. Introduction

Concern about energy security is has been growing
recent decades and it seems, there still are no ob-
jective reasons to erase this issue from a list of the
most urgent problems. Increasing consumption and
devastation of natural nonrenwable energy re-
sources threatens sustainability of our planet in
long run. In order to enhance independence of
businesses and ordinary people from availability of
energy resurces and increase affordability, energy
security facets have to be indicated, tendencies re-
vealed, analysed, threats predicted and respective
polict implications formulated.

The presented paper aims to reveal what are
long-term tendencies of energy consumption in
household sector of differently developed Europe-
an countries. Assumption of diminishing energy
consumption is being tackled and availability of
consistent patterns of energy use as countries de-
velop are being checked.

2. Energy security perception

Energy security is complex phenomenon. We be-
lieve that success of efforts directed to energy se-
curity enhancement depends on energy security
perception and respective indication of its constitu-
ents. In order to review current approaches towards
energy security let us immerse ourselves into on-
going discussion about energy security definition.

Here it is important to draw an attention to the
scope of literature under review: we concentrate on
the very latest papers in the area, which were pub-
lished in years 2013, 2014 and 2015, and only few
relevant papers, older than three years will be re-
ferred where relevant.

We will start review by providing comments
on a paper “The concept of energy security: be-
yond four A” by Cherp and Jewell (Cherp, Jewell
2014). We have chosen this paper as the starting
point of energy security conceptualization for the
following reason. Authors of this paper at the very
beginning of their article very clearly indicate that
“energy security should be conceptualized as in-
stance of security in general” (Cherp, Jewell 2014).
This approach is absolutely compliant with our ap-
proach. We believe that energy security should be
conceptualized perceiving it as constituent of secu-
rity. Since security is very closely related to sus-
tainable development (Vosylius ef al. 2013; Sha-
dova et al. 2015; Bialoskérski 2012) we need to
distinguish what energy security facets are the
most important, evaluating this importance from
the prospective of security and sustainable devel-
opment enhancement. At this point we wanted to
make brief excurse to sustainable development ar-
ea. By now sustainable development is being un-
derstood mainly as sustainable economic develop-
ment, which means sequent and gradual moving
towards countries welfare through better education,
diminishing of extreme inequality, better perfor-
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mance of institutions etc., and of course, not losing
from focus environmental issues of development.
Energy security, and, more jenerally, security in
his constexts appears to be rather new concept ana-
lyzed in economic context. We claim, that insecu-
rity, energetic insecurity in our analyzed case is
closely related to long-term competitiveness of
countries. Long-term competitiveness could be
achieved only through smart solutions (Prause
2015), new behavioral patterns (Rosha, Lace 2015)
which orient to efficien use of scare resources, and
especially non-renewable ones.

Authors of above mentioned paper (Cherp,
Jewell 2014) underline the following questions,
which should be addressed by concept of energy
security: “Security for whom?”, “Security for
which values?” and “Security from what threats?”.
Admitting importance of these questions, authors
are more inclined to use, as they call “influential
approach — the ‘four As of energy security’ (avail-
ability, accessibility, affordability, and acceptabil-
ity)” (Cherp, Jewell 2014).

Here width and complexity of the area, within
which eclectic energy security facets are being in-
dicated, protrudes. It is obvious, that security facets
(“security for whom”, “security from what
threats™) are being intertwined with generic sus-
tainable development facets: “security for which
values”, and all four authors’ as: availability, ac-
cessibility, affordability and acceptability. Distin-
guished facets of energy security partially overlap:
“security for which values” and “acceptability” are
dependent on energy policies, which again, could
be estimated only after agreeing what common
methodological platform is acceptable for all dis-
cussing parties. Here we need to mention, that en-
ergy security facets were transforming over time.

Basing on the scientific literature authors
(Cherp, Jewell 2014) draw attention into different
periods, characterized by different contexts of en-
ergy security perception. One, early period, dates
back to age of oil prices in 1970s. 2000s are indi-
cated as another period, which is characterized by
issues of different origin. Increasing demand of oil
in Asia, Europe’s dependency on gas and environ-
mental degradation due to increase in energy use
become problems under consideration. Hence en-
ergy availability represents the classical, or early
characteristics of energy security, while affordabil-
ity and acceptability may be conditionally called
“new” characteristics, which are introduced in at-
tempt to address contemporary issues of global de-
velopment, such as increasing demand of energy,
triggered by increasing population and respective
increase of economic activities, and consequent
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The complexity of energy security conceptu-
alization due to its close relation to security, eco-
nomic growth and sustainable development issues
caused intensive discussions about energy security
dimensions, which are reflected in ample sources
e.g. (Vosylius et al. 2013; Tvaronavic¢iené 2014;
Tvaronavi¢ius, Tvaronavic¢iene 2008; Scaringelli
2014; Miskinis et al. 2013; Travkina, Tvaronavi-
¢iené 2015). The way how researchers, politicians
and other stakeholders introduce new dimensions
is vividly described in recent paper titled “Three
blind men and an elephant: The case of energy in-
dices to measure energy security and energy sus-
tainability” (Narula, Reddy 2015): “The paper
compares three different indices ‘Energy Sustaina-
bility Index’, ‘International Index of Energy Secu-
rity Risk’ and ‘Energy Architecture Performance
Index’ along with their variants to examine if they
provide consistent results for various countries. A
comparative assessment reveals that the three indi-
ces provide different country rankings, which are
inconsistent. This situation is akin to three blind
men groping the elephant with each one measuring
a different part of the body and asserting that only
their assessment is true” (Narula, Reddy 2015).
Here we neeed to note, that energy security facets
have to be discussed further, in order they could be
measured and controlled. We suggest that indica-
tors energy efficiency in various sectors have to be
discussed and highlighted as being considerably
important to be monitored. Energy efficiency de-
pends of approaches and hehavioral patterns.
Hence we believe that energy efficiency and ener-
gy use patterns are the most vividly reflected by
household sector. Therefore in this paper we tack-
cle household sector energy intensities in different-
ly developed European countries.

Before we go to this analysis, let us take a
grance at variety of energy security facets, sug-
gested by other authors. In Table 1 we provide
egzample of main aspects of another approach to
energy security. We believe that all those facets,
mentioned by various authors should be ultimately
taken into account.
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Table 1. Main aspects evaluated (Source: Mansson ef al. 2014)

Domestic markets
and infrastructure

Upstream markets and imports

Economic vulnerability Integrated methods

Reliability, resilience, and robust-
ness of infrastructure

Reliability, resili-
ence, and robustness
of infrastructure

Welfare loss from high or
volatile prices

Holistic supply chain
security/security of
energy services

Systematic and specific riskRelia-
bility of suppliers and supply routes

Economic consequences
of resource scarcity

Spatial and/or temporal
comparisons of security

Outage cost from power dis-
ruptions

We think that additional dimensions should be
added: behavioral practices, leadership, education,
absorptive capacity (like in technology transfer),
sustainable law, safety of society, literacy, aware-
2015; Tvaronaviciené ef al. 2015).

Approach top-down should be combined with
bottom-up. As survey shows, exporting companies
do not care much about long term prospective. Us-
ers have to share responsibility by sharing respon-
sibility for energy security. Hence, indexes one or
another have to incorporate human behavior con-
stituent.

Here it is needed to point out, that energy se-
curity issues embraces many sciences, economics,
management, engineering, and even sociology. Ef-
ficiency of energy use, which is reflected by ener-
gy intensity indicator, is affected by multiple fac-
tors, which in their turn can be elaborated by
within framework of all disciplines listed above.
Further we will turn to our analytical part, which is
done by employing econometric tools and compar-
ative analysis, and is attributed to research area of
economics.

3. Forecast and comparative analysis of final
energy intensities of households in selected
countries

Sections should not be numbered. In general, after
the abstract the background and the purpose of the
study should be stated first in the introduction, fol-
lowed by sections in which details of the methods,
materials, procedures, and equipment used should
be described. Discussion and conclusions should
follow. The reference list must be provided at the
end of the document. Appendices may be em-
ployed if appropriate.

3.1. Research methodology

Energy intensity of final energy consumption con-
siderably depends on demand, which stems from

activity of households, mainly in the area of heat-
ing and cooling, and activities of agriculture, in-
dustry, services and mode of transportation. In or-
der to manage demand, we need to estimate,
forecast and benchmark energy intensity in listed
above areas. Since households’ activity affects all
areas of life, we will tackle households’ final ener-
gy consumption in differently developed countries.

If we managed to benchmark correctly energy
intensity for households we could ultimately finish
with more favorable energy balance. We are as-
suming that forecasted in long-term energy intensi-
ty in developed countries would allow us to set
target for less developed countries. This assump-
tion is based on economic law of universal con-
verging. Besides we assume that energy efficiency
would gradually increase, and respectively energy
intensity would diminish due to technological pro-
gress and energy stewardship behavior (Tvaronavi-
¢iené et al. 2015; Lauzikas et al. 2015, Grubicka,
Matuska 2015; Ala-Juusela ef al. 2014; Dzemyda,
Raudelitiniené 2014; Dobele et al. 2015; Olaniyi,
Reidolf 2015; Oganisjana, Surikova 2015; Tvaro-
navi¢iene, Cernevicitte 2015; LeonaviGius ef al.
2015; Baublys etal. 2015; Ignatavicius et al
2015).

For forecasting of energy intensities we will
use rather unique modelling tool: The Long-range
Energy Alternatives Planning system (LEAP) is a
widely-used software tool for energy policy analy-
sis and climate change mitigation assessment de-
veloped at the Stockholm Environment Institute
(SEI). It has been adopted by thousands of organi-
zations in more than 190 countries worldwide. Its
users include government agencies, academics,
non-governmental organizations, consulting com-
panies, and energy utilities, and it has been used at
scales ranging from cities and states to national,
regional and global applications. (LEAP web site:
WWW.energycommunity.org)

We will use LEAP software for long-range
forecasting purposes, despite this tool provides
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much possibilities, which reach much farer than
the forecasting, such as modelling of activity levels
and energy intensities under different conditions,
such as GDP growth, changed structures of econ-
omies of selected countries, energy mix and etc.
Here we assume, that modelling is relevant and
reasonable only after forecasting of selected indi-
cators is performed and comparative analysis of
obtained results is being done and economically
interpreted. The tool selected for analysis provides
possibilities to forecast using real data or to choose
scenario (e.g. mitigation), which assumes condi-
tions in the future would change. Again, we claim
that it is reasonable to elaborate scenarios, other
than ceteris paribus only after energy intensities
under unchanged conditions are being juxtaposed
and tendencies of such in a long-run revealed.

Let us stop on time frame of forecasting. Usu-
ally we distinguish the following time perspectives
used for forecasting: short-term (one year), medi-
um (up to five years); mezzo (up to 10-15 years)
and long term (up to 50 years). Actually, time pe-
riods, longer than 15 years are already considered
as being long-term. In our case, we will be tackling
results of forecasting, embracing year 2050; it
means we will deal with extremely long period,
what would ultimately allow to purify tendencies,
which, actually, are set by historical and current
economic data. Here it is important to note, that the
modelling tool, we are going to employ does not
require data input, but operates on data, which are
already extract from relevant databases and reach
back to year 1990.

3.2. Research limitation

In our forecasting we will rely on baseline scenar-
io, what means, that we assume, that current condi-
tions would be valid for all years up 2050. Of
course, in reality conditions might change, but
adopting ceteris paribus assumption is valuable
from the following point of view: we are getting
results, which would occur if there no cardinal
changes in approaches towards energy consump-
tion take place. Therefore need for changes can be
estimated.

4. Analysis and results

The following countries have been selected for en-
ergy intensity analysis: Lithuania, Estonia, Bulgar-
ia, Belgium, Germany and Luxemburg. Selection
of those countries has been made basing on pro-
vided arguments. Lithuania and Estonia are similar
countries in terms of geographical location, history
and level of economic development. Bulgaria has

been selected as country, which is among the
weakest among European Union members judging
from the point of view of statistically measured
economic development. Belgium, Germany and
Luxemburg represent the richest the EU countries.
Those three countries has been selected with a pur-
pose to observe if consistent patterns can be traced;
i.e. to verify, if forecasted energy intensities can be
characterized by the same trends of change, and if
countries’ size and economic specialization affect
trends, which will be revealed in result of analysis
At first let us clarify how much selected countries
differ by energy consumption level at the current
moment. For the current moment we will take
forecasted energy intensity in household sector for
year 2017. Differences we will reflect graphically

(Fig. ).
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Fig. 1. Distribution of forecasted energy intensities in
household sector, year 2017 (in Kilowatt-hour
per Person) (Source: author)

Hence, in Figure 1 range of forecasted energy
intensities in household sector is presented for year
2017. It is obvious that selected countries could be
characterzed like considerably differing in energy
use in household sector.

What is peculiar about the energy intensities,
that more developed countries appear to be much
more intensive in household sector. Meanwhile,
according assumption raised, better developed
countries have to be less energy intensive due to
the newest energy saving technologies used and
state policies oriented to energy stewardship. Here,
data witness that less developed countries are less
energy intensive; their consumption patterns affect
energy security state less if to compare to highly
developed countries. Another moment, which
needs to be emphasized is range of difference ob-
served: it appears that such country as Lithuania is
almost three times less energy intensive in house-
hold sector if to compare to e.g. Luxemburg.
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In Table 2 forecasted energy intensities for se-
lected countries are presented. We have possibility
to observe tendencies of energy intensities change
and to make conclusions about behavioral patterns
of households in energy use. Despite significant
decrease of energy intensities, especially in highly
developed countries, is expected, forecasted data
does not allow to verify such expectation. It ap-
pears that energy intensities in Belgium, Germany
and Luxemburg remain high, and diminishing ten-
dency does not exist. The tendencies of energy
consumption could not be positively evaluated,
since they tend to enhance energy insecurity, and
are detrimental to secure sustainable development
aim.

As it was mentioned above, secure sustainable
development has to be associated with long-term
competitiveness. Long-term competitiveness could
not be imagined without efficient use of scare re-
sources, and especially non-renewable ones. Re-
newable energetic resources by now comprise still
very small fraction of energy mix. Even in case of
increase of share of renewable energy sources, en-
ergy intensity issues will not become less urgent.
Hence, decrease of energy efficiency has to be in-
dicated as one of preconditions and driving factors
of sustainable long-term competitiveness. In that
context comparison of forecasted energy intensities
in household sector of selected countries becomes
very important since lets us observe bottlenecks for
long-term secure and sustainable economic devel-
opment compatible with reduced energy consump-
tion taken per Person).

Let us take a closer look at forecasted energy
intensities at selected countries. Hence Lithuania‘s
data of households’ energy intensity forecast
suggest that energy intensity would growth: at the
current moment energy intensity is around 4.5 Ki-
lowatt- Hour per Person, in year 2050 it would be
5.7 Kilowatt- Hour per Person. This tendecy is o-
posit to rational expectations of gradual dimi-
nishing of inergy intensities in all sectors of eco-
nomy, including households. It is rather unex-
pected, that in year 2050, which should be marked
by new smart technologies we would find oursel-
ves at levels on energy intensity, which was recor-
ded in year 1990. It is supposed, that a reason of
this phenomenon migh lie in increased number and
variety of devises, wchich households will use in
year 2050.

Forecasted energy intensity of Estonia’s hou-
seholds forecasted until year 2050 is rather similar,
what allows us to claim, that forecasted energy in-
tensities let us reveal a tendency, which is rather
common for this particular level of development.

Nevertheless, absolute value of households’ energy
intensity is significantly higher.

Bulgaria has been chosen for comparison pur-
poses because of its relatively lower lever of de-
velopment: we had an intension to check whether
Bulgaria’s indicator would be similar to Lithua-
nia’s and Estonia’s. It appeared, that differently
than in Lithuania and Estonia (where energy inten-
sities of households’ activity in year 2050 re-
mained at a level of 1990), in Bulgaria households’
energy intensity demonstrates gradual growth. De-
spite this growth energy intensity level remains ra-
ther low if to compare it to Lithuania, and Estonia.

Cases of Belgium, Germany and Luxembourg
provide us with additional evidences of non-
diminishing energy intensities in the area of house-
hold consumption.

To conclude, the results of forecasting provide
us rather unexpected and very interesting from sci-
entific point of view results: in a year 2050 Lithua-
nia energy intensity measured in kilowatt hour per
person will be 5730. 2, in Estonia 7184.2, in Bul-
garia 4374.9, in Belgium and Germany respective-
ly 9000.7 and 9000.7 and in Luxembourg will
reach striking heights of 15000.2 kilowatt hour per
person.

In Table 2 for corparison reasons data of en-
ergy intensities in household sectors of our target
countries are provided for year 1990, 2017 and
20150. Those years are supposed to reflect historic
data, current state and lon-term prospective.

Table 2. Energy intensities in analyzed countries, in
Kilowatt-hour per Person, in year 1990 year 2017
(forecasted) and year 2050 (forecasted) (Source: author)

Energy Energy Energy
Countries intensity, | intensity, | intensity,
year 1990 | year 2017 | year 2050
Lithuania 5796s 4461 5730
Estonia 7489 6283 7184
Bulgaria 3115 3313 4375
Belgium 9700 9800 9700
Germany 9200 9100 9500
Luxemburg 15200 15500 15200

Energy intensities in currently less developed
countries does not increase, except of Bulgaria. In
Lithuania and Estonia energy intensities diminish
slightly. The obtained results signal about ineffi-
ciency of policies oriented to energy stewardship,
especially in developed countries, which obviously
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are used to excessive counsumption brought by fa-
vourable economic development decades.

In order to have a more clear view of charac-
ter of energy internsity changes in selected coun-
tries respective each other we will provide fore-
casted data of energy intensities in selected
countries in year 1990, year 2017, and in year 2050

(Fig. 2).
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Fig. 2. Tendencies of energy intensities in household
sector change in selected countries in lon-term; i.e,
until year 2050 (Source: author)

Graphically reflected tendencies of energy in-
tensities in household sector change in selected
countries in lon-term; i.e, until year 2050 allow to
conclude that better developed countries remain
extremely energy intensive, what is detrimental to
processes on secure sustainable development and
hinder seeking and maintaining competitiveness in
long-run. This insight could be formulated and in a
different way: household behavior, determined by
ample well-being of developed countries is does
not oriented to energy stewardship but rather is
oriented to opposite direction, i.e. to ample unre-
stricted use of wide range of devises. It is obvious
that technologic adwance can absorb this kind of
behavior only partly since energy intensities are
not going to diminish. The whole progress in ener-
gy intensity diminishing process demonstrates ra-
ther limited results and is restricted to curbing en-
ergy intensity growth. It is peculiar that very
similar tendencies are observed in all countries, ir-
respective of level of their development. That leads
to assumption that currently less developed Euro-
pean countries in future may obtain certain com-
petitive advantage over old European countries in
the field of energy intensity, i.e. energy usage pat-
tern. Here let us point out to the importance of
household sector, which is determined by its con-
siderable share in the whole energy consumption in
each country, and the fact that energy consumption
patterns in household sector are naturaly trans-
ferred to other sectors of economy.

5. Conclusions

The presented paper argues, that energy security
has to be perceived as constituent of security of
countries and individuals. Security in its own turn
serves as one of preconditions of sustainable de-
velopment. Long-term secure sustainable devel-
opment could be achieved only by involving indi-
viduals and organizations into process of energy
stewardship and so gradually shifting self-percep-
tion from energy security observers to energy secu-
rity enhancers. Basing on the performed analysis
the following insights can be formulated. The first,
energy intensity of households in the long run is
not going to diminish. That tendency has to be tak-
en into account and interpreted as conditional
threat, which can undermine energy security in the
future. The second, proactive policy in energy con-
sumption area is urgent, otherwise energy steward-
ship culture is difficult to implement. The third, we
suggest strengthen benchmarking attempts. Energy
intensity in household sector could be bench-
marked by considerably lower intensity than
demonstrates higly developed European coutries.
Revealed trends and concrete results can be fol-
lowed by respective policy implications in the area
of energy use. Diminishing of consumption and
respective diminishing of energy intensities in de-
veloped countries have to be set as target tackled
by economic policies introduced.
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