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Abstract

This paper examines the effects of regional factors related to macroeconomic, environmental
and energy data in relation to regional investment attractiveness to the Greek solar energy sec-
tor. Applying the Analytic Hierarchy Process method, the paper explores the significance of
some criteria with reference to the regional investment attractiveness of solar energy enter-
prises. The AHP method is applied to approach investments in the solar energy sector, by in-
corporating regional factors in decision-making. Investment scenarios are created for the first
time with the usage of multi-criteria methodology, and their scores are calculated based on
regional factors Indeed, the results reveal that regions vary in terms of their investment attrac-
tiveness in the solar energy sector; hence, decision-makers and business managers should take
regional factors into account. This study aims to contribute to the renewable energy expansion,
as it is key to a sustainable economy and global challenges. As the last COP21 in Paris will lead
to an overwhelming expansion of renewable energy, decision-makers should take into account
not only national but also regional parameters.

Keywords: renewable; energy; investment; scenario; regional.
JEL Classification Codes: 013, 018, R11, M10

1. Introduction

All measurements and research show that Greece offers various investment opportunities in
solar energy sector. Ernst and Young (2012), in their global solar index, placed Greece in 11%"
position. Eurobserv’ER (2015), in its photovoltaic barometer for 2014, set Greece’s
photovoltaic power per inhabitant (236.8 Wp/inhab) 4" among European countries. The same
report ranks Greece 6" in regards electricity production from solar photovoltaic energy for 2013
and 2014. In the Global Market Outlook for Solar Power 2015-2019 (Solarpower, 2015) Greece
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is presented in a good position when it comes to solar power. Greece’s leading position among
European countries is highlighted in the IEA’s (2014) report, as is the contribution of PV
installations to Greece’s electricity production.

The aforementioned studies and indexes explore national competitiveness and attractiveness,
but the expansion of solar energy installations is not the same in all regions. Some regions
manage to attract more investment and others less. In light of this, the present paper is devoted
to examining and shedding light to the regional factors that contribute to new venture creation
from a decision theory perspective. The purpose of this paper is to highlight the significant role
of regional parameters by creating different scenarios based on regional investment
attractiveness. The analysis is conducted by applying the Analytic Hierarchy Process (AHP),
which entails complex issues related to integrated economic, social, political and environmental
factors (Saaty and Vargas, 2001). The originality of this paper arises from the fact that it is the
first time investment scenarios have been created using this methodological approach. It is also
the first time that investment scenarios have been created in solar energy sector. We recognize,
however, that defining regional attractiveness in solar energy plants goes beyond the
comparison of different results among Greek regions. Given the nature of two recent studies,
the novelty of this paper creates a clear border line. In the first study, Punia and Sindhu et al.
(2016) prioritise the criteria of expanding renewable energy but explore India at the national
level by applying group AHP and by using experts’ opinions. In our study, we create investment
scenarios based on regional parameters, with a focus on the sub-national level. Within the
second study, Aragonés-Beltran (2014) utilise both AHP and Analytic Network Priority (ANP)
through the lens of project management by applying various criteria. With this said however,
our research employs a different approach, comparing the alternatives between each with
respect to each criterion and its actual measurements. Aragonés-Beltran (2014) conducts
comparisons between alternatives with respect to each criterion by using Saaty’s rating scale
from 0-9. As mentioned in the last chapter, the combination of the two aforementioned articles
in terms of criteria selection could give the research in this field a significant boost forward.
Notably, significant practical benefits are generated for policy-makers and business managers,
as the identification of attractiveness is a navigator when it comes to the facilitation of
investments.

This paper is structured as follows. After the introductory section, the second section
encompasses a theoretical discussion related to regional competiveness and solar energy
enterprises. The third section is devoted to the AHP methodology and its procedure. In the
fourth section, the AHP method is applied in the case of 13 Greek regions. Policy implications
are discussed within the section five. Finally, the last section includes some concluding remarks,
research limitations and future perspectives.

2. Theoretical discussion

As far as regional economies are concerned, the OECD (2011) in its work on green growth
mentions that rural regions are attractive for investments related to renewable energy due to
land availability and natural resources. Regional areas can be strengthened economically by
exploiting renewable energy technology (Allan, Mcgregor, and Swales, 2011). Every region
can seek to exploit its renewable energy perspective and contribute to the nation’s performance
(Bull and Bilman, 2000). Regions with high levels of solar irradiation and technological
knowledge can exploit those parameters and propel solar energy entrepreneurship.

Only through green business and new venture creation in the renewable energy sector can
there be a transition to a green economy and sustainable regions. Innovation (Motohashi, 1998)
and knowledge (Prahalad and Hamelzai, 1990) cumulatively affect an enterprise’s economic
sustainability and competitiveness. In the rapidly growing solar energy sector, innovation and
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knowledge play an essential role in achieving high efficiency. The role of an energy sector that
IS sustainable, competitive and secure is underlined as vital to the European regions
(Commission of European Communities, 2008).

The AHP method has a wide range of applications. It has been employed in various economic
fields, for instance in banking-sector evaluation in Turkey (Se¢cme, Bayrakdaroglu, &
Kahraman, 2009), in the supply chain for products (Wang, Huang and Dismukes, 2004), in
business-source allocation (Saaty et al. 2003, Kearns, 2004) and in industry strategies for
international markets (Chen and Wang, 2010). It has also been used in many cases concerning
investment location, regional competitiveness and the renewable energy sector. Wu and Wu
(1984) employed the AHP approach in plant location, thus underlining the benefits of using the
AHP method in complicated situations. The work of Ke et al. (2011) was about wind-farm site
selection in which economic and social criteria are set. Likewise, Aras et al. (2004) employed
the AHP method to choose an appropriate area for a wind observation station. Wang and Feng
(2002) applied the AHP method to rural areas in China. Nevima and Kiszova (2012) applied
the AHP method to evaluate the regional macroeconomic data of regions in the Czech Republic.
Jovanovi¢, Filipovi¢ and Vukman (2016) employ the AHP to facilitate energy improvement in
Serbia’s manufacturing sector by setting five criteria and collecting AHP questionnaires from
experts.

It has also been used in the case of achieving sustainable competitiveness for the textile
industry in China (Xiao, 2012). Nagesha and Balashandra (2006) developed Saaty’s method for
use in India’s small-scale industries. In addition, financial and economic barriers and
behavioural and personal barriers are significant parameters in energy efficiency. Toosi et al.
(2013) propose a decision model, based on AHP, oriented towards decision-makers who focus
on energy policy. In this work, economic and technical criteria are set in order to choose an
appropriate energy system. China’s energy strategy and selection of main power resources to
boost the economy are analyzed in He’s and Guo’s (2011) work by using the AHP method. The
research finds that talent is the main parameter that affects competitiveness. Hamaldinen and
Karjalainen’s (1992) work is devoted to supporting Finland’s decision-makers in relation to
energy policies; this work also employs AHP, among other methods. Decision-making in the
renewable energy sector presents a multidimensional standpoint due to social, environmental
and economic factors that interact (Afgan and Carvalho, 2002). The method followed to make
a decision should take into consideration the multidimensional nature of the problem and,
depending on the desired approach, weigh economic, technical, social or environmental factors.
Lee et al. (2008) employed the AHP method to define the competitiveness of Korea in hydrogen
energy production. Their approach focused on comparing Korea with other countries by
integrating the existence of the criterion of an R&D budget.

3. AHP methodology

Analytic Hierarchy Process moves through three main steps, plus another testing one. The first
step is decomposition of the problem; we split a complex problem into parts that include goals,
criteria and alternatives. The second step, after determining a hierarchy, is pairwise
comparisons, on which the AHP method is based. The third step is a synthesis of priorities,
which can be achieved with either a distributive or an ideal mode. Finally, a consistency test
assesses the reliability of our judgements.

Assuming n elements of a hierarchy Cj, ...Cy, the purpose is to estimate the relative weight
of Ci with respect to C;. Then, ajj symbolizes the number that represents the comparison of C;
with C;. All the aj; form a square matrix A = (a;;) of order n. When the matrix holds that a;; =
1/a;i, for i # j, and aii = 1, then this matrix has a reciprocity characteristic.

If A is a consistency matrix, weights Wi and judgements ajj create a relation of the form:
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Wi/W j= ajj (for i, j=1,2.....n)

c, & - Gy
Colw /w,  w/w, - w/w, [w W,
A_C2 W, [w, W, /w, - W, /W, _nw2
Colw, fwy, w/w, - w /w |w, | |W,]

In order for the judgements to be consistent and hold the exact values of wi/w;, the vector w
should satisfy: Aw = AmaxW for Zmax> n, where Amax IS the largest or principal eigenvalue.

When all the paired comparisons of elements are applied, the vector of priorities, w = [w1,w,
...,Wn], can be estimated through eigenvector calculation. The aforementioned process stops
when the elements of the vector w = (w1,W>...,wn) have no difference or only a small one
between the power of n and that of n+1. After calculating the eigenvector, we must obtain the
eigenvalue Amax in order to estimate the consistency. According to Saaty and Vargas (2001), the

largest eigenvalue Zmax Will be 2, =2 a;(W;/W).

Amax is calculated by multiplying the priority vector by the summing result of each column
of the matrix. Amax should be Amax > n. If any value of Zmax is less than n it means that we have
made an unacceptable estimation.

A measurement of inconsistency is calculated through the consistency index:

] = max — 1 (1)
n—1

To calculate the consistency ratio, we compare Cl with an appropriate number from an
average random consistency index table, as presented by Saaty. As Saaty mentions, the table is
produced from a large sample of reciprocal matrices.

If the Consistency Ratio=CI/RI is less than 0.10, then the matrix is consistent and the
judgements are acceptable. In the opposite case, i.e. Consistency Ratio > 0.1, it suggests that
the judgements are not reliable. However, if Consistency Ratio is slightly above 0.1, the
comparisons may sometimes be accepted. For Consistency Ratio above 0.9 the comparisons are
completely unreliable.

Table 1. Average Random Consistency.
Average Random Consistency Index (RI)

n 1 2 3 4 5 6 7 8 9 10
RI | 000 000 052 089 111 125 135 140 145 1.49

4. AHP application

A decomposition of the problem creates the goal, 10 criteria and 13 alternatives. The target is
regional investment attractiveness. The alternatives are the 13 Greek regions, as they are
defined in the European categorization of Eurostat (Fig. 1).

In order to accomplish the goal, 10 economic, energy and environmental criteria are
incorporated. These criteria are defined based on Porter’s diamond-model theory (Porter, 1990)
about comparative advantage (Fig. 2) and by embodying the special characteristics of solar
energy production (solar irradiation). Porter’s model incorporates “factor conditions”,
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2% <¢

“strategy and rivalry”, “related and supporting industries” and “demand conditions”. According
to Porter, factor conditions are parameters that might affect production, such as capital, human
resources or raw materials availability. Demand conditions can include international or national
consumption. Related and supporting industries indicate the collaboration and synergies.
Strategy and rivalry could be macro or micro parameters which might create a comparative
advantage. Based on Porter’s approach, this study is customised at the regional level, and in the
case of comparative advantage of renewable energy.

Figure 1. Regional factors (criteria) and regions (alternatives) from applying AHP.

N

REGIONAL

INVESTMENT GOAL
ATTRACTIVENESS

CRITERIA

ALTERNATIVES

RF 1: Regional electricity consumption

RF2: Employment rate

RF3: Resource absorbance of EU Funds in digital governance
and entrepreneurship

RF4: Resource absorbance of EU Funds in sustainable development
and quality of life

RF5: Available land

RF6: GDP per capita

RF7: Gross, Fixed Capital Formation

RF8: Human resources in science and technology

RF9: Solar irradiation

RF10: Photovoltaic energy installed

R1: Anatoliki Makedonia Thraki
R2: Kentriki Makedonia
R3: Dytiki Makedonia
R4: Thessalia

R5: Ipeiros

R6: Dytiki Ellada

R7: Sterea Ellada

R8: Peloponnisos

R9: Attiki

R10: Voreio Aigaio
R11: Notio Aigaio

R12: Kriti

R13:lonia Nisia
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Figure 2. Porter’s diamond model.
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The regional factors which are set as criteria are presented in Figure 1, and are abbreviated
to RF. In addition, RF3 and RF4 represent the available capital that falls under the Porter’s
factor conditions and reveal to a great extent the strategy which each regional government
follows and the weight attributed to them. In order the comparisons in regional level to be
conducted with actual measurements the absorbance of the EU Funds has been used. RF3
represents the funding availability for renewable energy firms through Structural Funds and the
direct supporting of energy projects. The resource absorbance in entrepreneurship is a
subsiding opportunity for investments that can be measured in regional level and embraces the
different treatment in investments. EU funding for enterprises are very important for these kind
of projects. RF4 represents the great extent to which investments and priorities contribute to
upgrading energy infrastructure such as the energy grid. Regional energy infrastructure
upgrading and modernisation through this priority of the Structural Funds are important for the
future expansion of these kinds of investments. RF6, RF7 and RF2 represent the overall
economic performance of each region. RF1 is related to the demand condition of the axis of
Porter’s diamond and RF10 to other installations and activities in a particular sector. The
embracing of the RF10 embodies the agglomeration of the investments, revealing a positive or
negative investment environmentMoreover, RF10 indicates the grid’s quality as regions with
high-concentration of investments means that these regions fulfil high quality infrastructures
and enjoy high connectivity. RF5 is related to factor conditions as the land for solar parks needs
non-urban non-arable ground in order for land acquisition to be economic for investment. We
have chosen “land availability”, instead of “price for the land” (representing a scarcity value of
it) because it is comparable between the regions and the regional data is available and
measurable by editing the data of Statistical Bureau. Furthermore, the approach of “Land
availability” follows OECD. As underpinned by the OECD (2012, p.25) report “Due to the
availability of both space and renewable sources of energy, rural regions attract a large share of
this investment”. High land availability can be expressed as high level of rurality and as a
consequence more opportunities for investments. RF8 is related to the ability of finding
specialised staff with skills in high-technology systems. Finally, RF9 is related to the existing
environmental conditions and constitutes a significant factor condition as it defines the annual
turnover.

The investment scenarios will be created through significance comparisons. At first, these
are conducted to develop a scenario as a core; following this, by applying the sensitivity analysis
of Expert Choice software, a table for the scenario is formed along with respective scores.
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With regards the first scenario, comparisons of the regions are initially conducted with
respect to each criterion and with actual measurements from Eurostat-derived data during the
period 2012-2014.1In the next step, judgments of the criteria are made by using Saaty’s rating
scale (Saaty and Vargas, 2001). A basic scenario has been chosen in order to create low
inconsistency. The consistency ratio of matrices comparing the alternatives with each criterion
equals 0, which means perfect consistency, because we compare each one with its actual
measurements. In the matrix where the criteria are compared with one another, the consistency
ratio is 0.01 < 0.1, which means that the specific scenario is fully reliable for the basic scenario.
It is important for the inconsistency to be at a low level as in the current case; indeed, this
provides a high level of reliability for the scenario. The sensitivity analysis of Expert Choice
was used to create different investment scenarios and their corresponding alternative scores. In
this paper, and in order to enhance its practical usage, 10 scenarios have been created by
granting, for each criterion, a weight of 20 per cent. The scenarios are presented in Table 2. The
range of scenarios gives to decision-makers, stakeholders and business managers a range of
choices in order to take the most suitable decision.

Table 2. Ten investments scenarios.

Criteria weight %

Scenario RF1 RF2 RF3 RF4 RF5 RF6 RF7 RF8 RF9 RF10

Basic 115 155 8.4 6.1 2.0 258 205 25 4.4 3,2
114 95 9.0 9.3 9.1 20.0 7.4 7.0 8.4 8.9
114 102 9.1 8.3 8.5 6.2 20.0 8.4 8.2 9.7
11.0 200 122 111 6.7 8.3 8.5 7.7 8.1 6.3
200 9.0 125 115 6.9 8.6 8.7 7.9 8.3 6.5
8.2 6.9 20.0 149 9.8 8.7 8.6 6.4 8.4 8.0
104 87 116  20.0 2.8 11.0 6.6 8.1 106  10.1
109 7.1 10.3 7.7 3.8 7.3 8.8 108 200 135
7.8 7.8 8.1 115 5.6 6.7 6.9 16.1 9.5 20.0
32 120 115 5.3 8.6 103 106  20.0 9.2 8.2
7.5 4.5 9.4 116  20.0 2.6 3.3 148 125 137

Score %
Scen. Rl R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13

Basic 62 89 65 68 61 69 93 72 150 56 83 72 6.2

Boo~vwouour~wnek

1 65 87 65 78 68 72 110 75 103 57 87 75 6.0
2 67 87 66 77 70 73 98 76 103 60 87 76 6.2
3 66 90 67 78 71 73 98 75 100 56 93 77 56
4 70 90 64 77 68 78 103 79 99 58 83 70 6.1
5 66 94 70 88 73 75 100 80 81 57 80 88 49
6 65 88 69 78 67 72 100 77 103 58 85 78 59
7 63 97 62 76 63 73 97 76 139 51 76 76 51
8 65 93 68 78 71 74 85 74 119 58 83 78 56
9 69 92 64 79 67 78 100 79 108 56 79 73 657
10 70 98 62 84 67 82 101 83 103 53 72 72 52

As demonstrated, the regional factors significantly affect regional competitiveness and their
contribution is so strong that they do not significantly affect regions’ ranking, despite the fact
that we grant each criterion 20% importance. In all scenarios, R9, R7 and R2 are the regions
with the highest performance following almost the same order. In scenarios 1, 4, 5 where the
RF1, RF4 and RF5 are granted 20% weight, region R7 ranks first instead of R9 which ranks
first in all other scenarios. In scenario 8 where the RF8 criterion is granted 20% weight region
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R2 comes above R7. As can be inferred, there are no significant changes in the rank order
despite the fact that 20% of additional weight is quite a high percentage, enough to alter the
rank order. Regional factors are of decisive significance; therefore, their impact affects the place
of investment in relation to other regions.

5. Policy implications

The expansion of renewable production and technologies through investment in solar parks and
PV installations can promote sustainable development and encourage the creation of sustainable
systems. This work can also contribute significantly to the expansion of renewable energy as is
expressed through the United Nations Sustainable Development Goals (SDGs). By employing
an AHP method to create investment scenarios for the renewable energy sector, we reach useful
conclusions in terms of the scientific and practical dimensions of renewable energy. Despite
the fact that intergovernmental agreements such as the last COP21 focus on the national level,
in solar energy enterprises, where locality matters in new investments attraction, we must focus
our analyses on the criteria affecting regional investment attractiveness and try to expound them
from decision-making theory in order for them to have practical use in businesses.

6. Conclusion

What emerges from the above research and is directly linked with the novelty of this article is
that investments scenarios must incorporate various regional parameters, thus multi-criteria
methodology can prove extremely useful at the operational level.

Due to regional disparities, factors at the regional level play a crucial role in choosing the
best region for investment in solar energy enterprises, and we can define the problem by
employing a multi-criteria method. By developing ten scenarios and granting 20% priority to
each criterion, we deduce that the ranking of the regions remains the same in almost all ten
scenarios. This means that the regional factors perform a significant role in such a way that,
despite the importance of the criteria, some regions remain highly competitive in comparison
to others.

Our research draws attention to certain important future research avenues. First of all, the
selection of the criteria can be expanded depending on the regional data availability. In case of
different sub-national treatment in feed-in tariffs then regional feed-in tariff strategy should be
embraced. The criteria selection of Punia Sindhu et al. (2016) in the case of regional data
availability can be applied at the local level by following our approach. Land availability can
be embodied as price per land indicating scarcity value. The regional approach put forth by
Aragonés-Beltran (2014) can be incorporated by conducting the comparisons with actual
measurements, and by shrinking the effect of the human factor in Saaty’s scale comparisons.
Undoubtedly, a possible extension of this study is to apply the AHP method in the same way to
regions in different countries while adopting a cross-national regional approach.
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