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CLUSTERS, INNOVATIONS AND ENERGY EFFICIENCY: IF RELANTIONSHIP COULD BE TRACED

In the presented paper specific aspects of clusters’ role in energy security enhancement are being discussed.
An assumption of role of clusters as driving force of smart growth with respective effect on service sector
development is being raised and discussed. It is claimed, that smart growth will contribute to expansion of service
sector; i.e. will accelerate the processes observed now. The analytical part of the paper is devoted to long range
forecasting (until year 2050) of energy intensity of service sector in selected countries of different development. The
aim of such forecasting is to reveal if energy intensities in service sector will diminish and converge as result of
innovative processes affected by clustering of stakeholders, which are business companies, universities, state and
society. We claim that clustering of listed stakeholders through technology and consumption culture transfer affect
energy intensity change trends in service sector and push it down. We argue that interrelationships among clusters,
smart growth and energy security (through diminishing energy intensity in service sectors of differently developed
countries) could be traced. We assume that indicated interrelationship does not depend of level of countries’
development; anyway less developed European countries benefit more from clustering phenomenon.
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Introduction and background. Discussion about the role of clusters in regional development has
become contemporary classics. When we recall this classics, as the first association comes Porter, one
of the most prominent scientist from Harvard Business School. In order to pay a tribute to this well-
known scientist, let us start discussion about clusters from his definition of a cluster. According him
“clusters are geographic concentrations of interconnected companies and institutions in a particular field.
Clusters encompass an array of linked industries and other entities important to competition. They
include, for example, suppliers of specialized inputs such as components, machinery, and services, and
providers of specialized infrastructure. Clusters also often extend downstream to channels and
customers and laterally to manufacturers of complementary products and to companies in industries
related by skills, technologies, or common inputs. Finally, many clusters include governmental and other
institutions — such as universities, standards-setting agencies, think tanks, vocational training providers,
and trade associations — that provide specialized training, education, information, research, and
technical support [40]. What is peculiar about Porter's approach towards clusters’ impact assessment,
that he emphasizes exceptionally positive effect for their members and outsiders: Let us go through main
highlighted insights provided by the author in Harvard Business School Review of year 1998. According
the prominent author, ,a cluster allows each member to benefit as if it had greater scale or as if it had
joined with others without sacrificing its flexibility” cluster members feel “peer pressure, pride, and the
desire to look good in the community”..."at the intersection of clusters, insights and skills from various
fields merge, sparking new businesses”...“clusters offer a constructive way to change the nature of the
dialogue between the public and private sectors” [35].

After these insights were formulated, a lot of papers on clusters have been published and economic
policies fostering clusters implemented. In the research a focus has shifted into analysis of clusters
composition; attempts to measure efficiency and even benchmark performance of different clusters can
be noticed [2, 16, 21, 47, 48]. Technology transfer phenomenon now is mainly associated with clusters’
activity [49]. Technology transfer is associated to innovations of various origins, i.e. both, technological
and social innovations. The role of both ones in the process of sustainable innovative development is
highly emphasized in resent literature [1, 5, 7, 9, 11, 12, 17-19, 23, 25, 27, 29, 30-34, 36, 38, 39, 41].
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If to discuss areas, in which clusters are being found, we need to admit, that there are no specific
areas, which could be indicated as especially characteristic for clustering activities. Nowadays clusters
emerge in wide array of areas; actually in any area or field of activity clusters can emerge naturally or be
established. Not an area of activity here is of importance; value added, which can be created by cluster
members - that is what matters, and triggers clustering activities.

We focus our research to area of energy use — efficiency and intensity- factors, which impact
sustainable economic development and are widely discussed in contemporary literature (e.g. [3, 6, 22,
40, 43, 44]). Since our target is as well energy security, basing on considerations provided above, let us
try to find out what is clusters’ role in energy security enhancement, if any. Let us provide our
argumentation how we see clusters’ impact on energy security.

At first, let us clarify what we mean by energy security in this context. Energy security can be
perceived in very different ways, depending on what stakeholder — public or professional - expresses
his/her opinion (e.g. [8, 14, 24, 26, 28, 42, 45-47)). In the context of our research, in which possible
effect of clustering phenomenon is discussed, we use energy security concept as synomimous to energy
efficiency. Further in this paper we will try discuss tendencies of change of energy intensities in service
sectors in selected countries, meaning that energy intensity, ultimately, is joint result of energy efficiency
and behavioural patterns in energy consumption. After this clarification we can move with our research
further. We raise an assumption that clustering phenomenon due to its innovative potential serves as
driving force for smart growth. Despite smart growth can be observed in any sector of economics [36,
43, 44, 47-51] the most susceptible sector for innovations remains service sector [13]. Technological
innovations, and more frequently, social innovations affect fast development of service sector. Dynamics
of service sector development is provided below in Figure 1.
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Figure 1 — Development of service sector in Europe during the last decade [15]

Coverage of analyzed problematics in the latest literature. Before we go to forecasting results let
us clarify if other scientists are interested in analysis of relationships between clustering phenomena and
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energy security. Let us look at the latest literature on the topic. At first we searched Thomson Reuters
Web of Science database using keywords “clusters” and “energy efficiency”. Results are provided in
Figure 2.
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Figure 2 — Results of sources’ search in Thomson Reuters Web of Science database using
keywords “clusters” and “energy efficieny” (authors’ inquiry in database Web of Sciences)

The major contributor to the selected topic is China. That could be easily explained by population
size in this country. Another message, which is being sent by the clip from Thomson Reuters webpage
(same the Fig. 1) is that, the topic embracing clusters and energy efficiency issues is existent but still in
very early stage of development. The discussion mainly spins around smart grids and IT systems. We
encountered one paper, which tackled energy efficiency and clustering phenomena in such energy
intensive industry as chemical industry.

This approach does not embrace variety of clustering actors, which is emphasized in our study. Here
clustering phenomena is limited to concentration of simiclar technologically related productive facilities.

Let us examine SCOPUS database using the same keywords. The search results are provided in
Figure 3. Data about publishing on the provided topic suggests that the research interests in it is
increasing, because number of papers devoted to interrelation between clustering phenomenon and
energy consumption is sharply raising. The published papers in SCOPUS database similarly like in Web
of Science Core Collection database are mostly devoted to energy efficiency in IT: the search results
indicated that during 2012- 2016 year there were 888 papers containing key-words “clusters” and
“energy efficiency”; 566 out of them were attributed to computer science, 376 to engineering, 95 to
mathematics, 54 to energy and 47 to physics and astronomy. Provided information, despite its sporadic
nature, is sufficient to verify that research is devoted to relationship between clustering phenomena and

energy efficiency is emerging.
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Figure 3 — Results of sources’ search in Elsevier SCOPUS database using keywords “clusters”
and “energy efficiency” (Source: authors’ inquiry in database SCOPUS)

Long-range forecasting of energy intensities of service sectors in selected countries. Let us
look at energy intensities forecasted for service sectors until year 2050 for selected countries. For
forecasting we will use the Long-range Energy Alternatives Planning System (LEAP), is a widely-used
software tool for energy policy analysis and climate change mitigation assessment developed at the
Stockholm Environment Institute [20].

Methodology. In order to reveal long-term tendencies of energy intensities change of service sectors
of selected countries we need to make certain assumptions, which are necessary for any mathematical
modelling or forecasting. Since currently available statistical data are already incorporated into LEAP
software, we need to decide what changeable indicators to choose. There is possibility to make the
following assumptions: pattem of change of GDP growth, overall economy’s energy intensity change;
population growth, economy structure change, specifically, changes of value added growth in agriculture,
services, industry, manufacturing and construction. Besides it is possible to set Gini index, transportation
mode shares (air, rail, and road) and electric generating capacity (solar, geothermal, hydro, wind, nuclear,
thermal, tide and wave). Hence, we see that a lot of options for multivariate modeling are provided. In order
to set one or another conditions we need to provide respective argumentation. Only in that case obtained
scenarios would have appropriate value for decision makers while choosing one or another economic
policy. In our research we have purpose to observe trends in energy intensity of service sector of selected
countries in case we maintain current conditions. Therefore our forecasting is based on current trends, and
we use ceteris paribus assumption, as it was already indicated. Of course, there are research limitations,
since conditions can change and then our forecasting would not provide sufficiently precise trends. Anyway,
we believe that modelling should be the next step, which followed after trends based on ceteris paribus
assumption is analyzed and interpreted.

We select the following countries: the best developed European countries are represented by Germany
and France, and comparatively less developed countries in our empirical research are represented by Check
Republic, Lithuania, Latvia and Bulgaria. By selecting the two groups of countries and representatives for
those groups we aimed to check if consistent pattems can be found, and if we can conclude that some general
tendencies could be distinguished and explained. The results of forecasting are provided in Figure 4.
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Figure 4 — Energy intensities of service sector in selected countries; year 1990-2050
(Source: authors, obtained using software LEAP)

The following generalities could be revealed: the first, energy intensities in both more developed
European countries — France and Germany — are considerably lower than in all countries representing
group of less developed European countries. The observation holds for the whole considered period, i.e.
from year 1990 to year 2050. We can claim that observed trends let us reveal one consistent pattern:
better developed countries due to technological advance perform much better in energy efficiency area,
therefore their energy intensity, as resulting indicator, much better. Here we can assume that behavioral
patterns in energy consumption can be characterized by one of the two formulated statements: the first,
behavioral patterns are oriented to energy stewardship, either, the second, behavioral patterns are not
sequent oriented to energy stewardship. In the latter case, technological innovations remain the major
driver conditioning increasing energy efficiency, and therefore diminishing energy intensity.

Let us take a closer look at behavior of service sector and its energy intensity in Lithuania (Figures 5
and 6) and Germany (respectively Figures 7 and 8).

30
25

20

Billion European Euro

1990 1994 1998 2002 2006 2010 2014 2018 2022 2026 2030 2034 2038 2042 2046 2050

Figure 5 — Expansion of service sector in Lithuania until year 2050
(Source: authors, obtained using software LEAP)
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Figure 6 — Energy intensity of service sector in Lithuania; year 1990-2050
(Source: authors, obtained using software LEAP)
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Figure 7 — Expansion of service sector in Germany until year 2050
(Source: authors, obtained using software LEAP)

It is observed the same general tendency of service sector expansion. Energy intensities of service
sector in long term change in different way: in Lithuania diminishing is more intensive; while in Germany
energy intensity since approximately year 2020 stabilizes and further diminishes very gradually. We can
conclude that at currently achieved level of technology Germany does not have much potential to
diminish energy intensity further, unless behavioral changes, oriented to energy stewardship were
implemented. Here social innovations resulted from clustering of different stakeholders could be
employed. Returning to Lithuania (the same holds for other countries similar to Lithuania according their
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level of development), it has to be noted that both — technological innovations, and social innovations for
energy efficiency will remain of importance for couple of decades, at least.
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Figure 7 — Energy intensity of service sector in Germany; year 1990-2050
(Source: authors, obtained using software LEAP)

To generalize the obtained results it should be emphasized, that energy intensity of service in better
developed European countries will diminish very gradually during the whole forecasted period, until year
2050. As concerns comparatively less developed European countries (including Lithuania) their progress
in indicated are will be more intensive, while in year 2050 they would still be lagging behind currently
better developed countries, such as e.g. Germany. Basing on obtained results, the following insight can
be formulated: there is room for impacts of tacit factors, which can push energy intensity down both, in
more developed and, especially, less developed European countries. If we admit that forecasted energy
intensity level of service sector, e.g. in Germany, is used as a benchmark, what could be achieved in
ceteris paribus conditions, then difference between e.g. Lithuanian respective energy intensity and
Germany’s benchmarked energy intensity indicate reserve for improving energy intensity, especially
when Germany demonstrates such good results having rather intensively expanding service sector.
Lagging behind could be eliminated via various tools. Clustering is one of the important means of
technology transfer, and cultural change. Therefore role of clusters, we believe, cannot be overestimated
in such area as energy security enhancement.

Conclusions. As the result of presented research the following insights are formulated:

—clusters affect smart growth, especially in service sector, which is highly susceptible for
innovations, both technological and social;

—service sector in European countries is expanding, energy intensity is gradually diminishing
and ceteris paribus will diminish until year 2050 both in developed, and less developed European
countries. Nevertheless, less developed countries still have higher potential to diminish energy
intensity in service sector, the conclusion stemming from forecasting results of more developed
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countries (e.g. Germany);

—energy intensity is dependent on tangible (patents, technology) and intangible (e.g. clusters
affecting behavioral change) factors. Since absolute level of energy intensity remains much higher
in less developed European countries, clustering due of its resulting effect is more beneficial for
less developed European countries.

Questions for further discussion: it still remain unclear how to evaluate impact of
technological innovations on energy intensity diminishing and how to estimate role of cultural
change. Currently technologies are under intensive elaboration (e.g. [1, 4, 10, 27, 33, 34]); it is not
clear how effective would be their implementation with clusters taking active part and without
clusters involved. On the other hand, if new technologies appear, that should be taken into account
in further mathematical forecasting and modelling. There is still a lot of room for further
mathematical modelling by setting different initial conditions other than ceteris paribus approach.
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KnacTtepu, iHHOBaLii Ta eHeproed)eKTUBHICTb: Yi € B3aEMO3B'A30K

Y yiti cmammi 062080p0IOMBCS KOHKPEMHI acnekmu posii knacmepig 8 nidsuuieHHi eHepeemuyHoi 6eaneku. [NidHimaembcs i
062080pI0EMBCS NPUNYLEHHST NPO POfib Kracmepig 8 skocmi pywiliHoi cunu iHmenekmyanbHo020 3poCmaHHs 3 8idnogidHuM
8N1UBOM Ha Po38UMOK cekmopa nocsye. CmeepOXyembCs, Wo PO3yMHe 3pOCMaHHs CnpusimumMe PO3WUPEHHIO Chepu nocnye;
mobmo npuckopumb Npouecu, wWo cnocmepieatomecs. AHamimuyHa wYacmuxa cmammi npucesYeHa 00820CMPOKOBOMY
npoeHosyeaHHio (0o 2050 poky) eHepzoeMHOcmi cekmopa nociye 8 OKpeMmux KpaiHax pisHo2o possumky. Mema makozo
npoeHo3yeaHHs — eusisumu, Yu 6yde 3meHwysamucs i cXo0UMUCS iHMEHCUBHICMb eHep20CNOoXUBaHHS 8 Cekmopi nocrye 8
pesynbmami  iHHosauilHUX npouecis, WO mMopKalmbCs Knacmepu 3auikaeneHi CMOPOHU, ski €  Gi3Hec-koMnaHiaMu,
yHigepcumemamu, Oepxagoto i cycninbcmeoM. Y cmammi agmopu cmeepOXyioms, WO Knacmepusayis nepepaxosaHux
yyacHukie 3a 00noMo20k0 nepedasarHsi MexHomMoeill | Kymbmypu CnoXueaHHs 8NUeae Ha MeHOeHUil 3MiHU eHepeoeMHocmi @
cekmopi nocnye i nidwmoexye ix. Takox 8 cmammi eiOMiYeHo, WO MOXHa NPOCMEeXUMU 83aEMO38'30K MiX Krnacmepamu,
PO3YMHUM 3POCMaHHAM | eHepaemuyHolo 6e3NneKol (3a PaxyHOK 3HUXEHHS eHEeP20EMHOCMI 8 cekmopax nocye 8 Pi3HuxX
PO38UHEHUX KpaiHax). [Mepedbayacmbes, Wo 3a3HaqeHa 83aEMO38'A30K He 3anexums 8id pigHsi po3gumKy Kpaik; y 6ydb-skomy
pasi, MeHWw po3guHeHi eaponelickki kpaiHu binble suepatoms 6id seuwa knacmepuaauji.

KntouoBi croBa: knactepy, eHepreTuyHa beaneka, iHHoBaLlii, CeKTOp NOCyT, CTanuii PO3BUTOK.
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KnacTepbl, UHHOBaLMM U 3HEPro3h(heKTUBHOCTb: eCTb NN B3aMMOCBS3b

B amoli cmambe 06cyxdatomcsi KOHKpeMHbIe acnekmb| oMU Knacmepos 8 NoebIWeHUU 3Hepaemuyeckoll 6esonacHocmu.
ModHumaemcs u obcyxdaemcs npednooXeHUe 0 PONU Knacmepos 8 kadecmee 08UXyLel Cuslb UHMeekmyarnsHo20 pocma ¢
coomgemcmeyrowum 8o3delicmeueM Ha passumue cekmopa ycrye. YmeepxOaemcs, 4mo pasymHbili pocm 6ydem
cnocobcmeogams pacliupeHuro cghepbl ycrye; mo ecmb yckopum Habmodaemble NPOUECChl. AHanumu4eckas yacmes cmambu
nocssweHa 0o2ocpoyHOMy npoeHo3uposaHuto (9o 2050 20da) 3HepeoeMKocmu cekmopa ycye 8 omOesbHbIX CmpaHax pasHo2o
passumus. Llenb makoeo npoeHo3uposaHusi — ebiseumb, bydem U yMeHbWambCs U CXOOUMBCS UHMEHCUSBHOCMb
3HepzonompebrieHusi 8 cekmope ycrye 8 pesyfbmame UHHOBAUUOHHbIX NPOUECCO8, 3ampasusaeMbix Krmacmepamu
3aUHMEPECoBaHHbIX CMOPOH, KOMOopble A8AoMcs GU3HeC-KOMNaHUsIMU, yHusepcumemamu, 2ocydapcmeom u obuecmeom. B
cmambe asmopb! ymeepxoatom, Ymo Kiacmepusauyus NepequCIeHHbIX y4yacmHuKkog nocpedcmeomM nepedayu mexHonoaul u
Kynbmypb! nompebreHus enusem Ha MeHOeHUUU U3MEHEHUS 3HEP20eMKOCMU 8 cekmope yciye u noOmarnkueaem ux. Takxe 8
cmambe 3aMeyeHo, 4Ymo MOXHO npocnedums 83auMocesisb MexOy Knacmepamu, YMHbIM POCMOM U 3Hepeemu4eckoll
6e30nacHOCMbIO (3a CYeM CHUXEHUS SHEP20EMKOCMU 8 CEKMopaXx ycrye 8 pasHbix passumbix cmpaxax). [pednonasaemces, Ymo
yKa3aHHas 83aUMOC8SA3b HE 3asLCUM OM ypPOBHS Pa3suMusi CmMpaH; 80 BCSKOM CITy4ae, MEHee pasgumbie esponelickue cmpaHbi
6borbLie 8biUu2pbIBaOM oM s8MIEHUS Kacmepu3sayuu.

KntoyeBble criosa: knactepbl, 3HepreTuyeckasi 6630macHOCTb, MHHOBALWM, CEKTOP YCIIyT, YCTONYNBOE pa3BuTHE.
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