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This article presents a comparative assessment of renewable energy po-
tential, actual utilization and socio-cultural adoption in two climatically
and culturally contrasting regions: Andalusia (Spain) and Rize (Turkey).
Andalusia is characterised by high solar irradiance and a diversified re-
newable portfolio dominated by solar photovoltaic (PV) and wind energy,
whereas Rize relies almost exclusively on hydropower, which already co-
vers approximately all regional electricity demand. Building on two de-
tailed regional reports and additional institutional statistics, we quantify
installed capacity, annual generation and technical potential for key tech-
nologies (solar PV, wind, hydropower and biomass), and analyse the “us-
age gap” between potential and realization. For Andalusia, solar and wind
show high theoretical potential (30,000 MW and 15,000 MW respectively)
but only partial utilisation (8,853 MW and 3,668 MW installed in 2024).
In Rize, hydropower capacity of about 350 MW generates roughly 1.0-
1.3 TWh per year, exceeding local demand, while solar, wind and biomass
remain marginal. To bridge technical metrics with social and territorial
conditions, we introduce a Socio-Cultural Renewable Adoption Index
(SCRAI), composed of four dimensions: utilisation of technical potential,
share of renewables in electricity demand, social & cultural acceptance,
and practical compatibility (landscape, grid, environmental constraints).
Each dimension is scored on a 0-10 scale for both regions, yielding a com-
posite “integration score” and a two-number “Status/Future” profile. Re-
sults indicate that Rize represents a “saturated hydropower region” with
a high current renewable share but limited room for further large-scale
development, whereas Andalusia emerges as a “rising solar-wind region”
with substantial remaining potential but infrastructural and regulatory
challenges. The proposed framework supports multi-criteria regional en-
ergy planning by combining engineering indicators with socio-cultural fac-
tors in a transparent and transferable way.

Introduction

The rapid transformation of power systems

for 2030 [8]. In Spain, the autonomous community
of Andalusia stands out due to its excellent solar re-
source, favourable wind conditions and large agri-

across Europe and neighbouring regions is driven
by decarbonisation targets, energy security con-
cerns and the falling cost of renewable energy tech-
nologies [1]. Global assessments, such as the Inter-
national Energy Agency’s World Energy Outlook,
highlight that record additions of renewable capac-
ity have become the main driver of new power gen-
eration worldwide [2]. However, translating global
trends into concrete regional strategies requires
detailed understanding of local climatic [3], geo-
graphic [4], socio-cultural conditions [5], and sys-
tem integration possibilities [6], [7].

Spain and Turkey illustrate two complemen-
tary pathways. Spain has become one of Europe’s
leaders in the deployment of wind and solar en-
ergy, and renewables already generate more than
half of national electricity, with ambitious targets

cultural sector enabling biomass utilization. Recent
regional statistics show that renewables account
for over two-thirds of installed power capacity and
annual generation in Andalusia, with solar PV as
the dominant technology [9], [10].

Turkey, by contrast, is characterised by rapidly
growing energy demand and a strong focus on hy-
dropower, especially in the Eastern Black Sea re-
gion [11]. National studies emphasise the country’s
significant gross hydropower potential and the
strategic importance of small hydropower plants
in mountainous areas [12]. The province of Rize,
located on the north-eastern Black Sea coast, is
a typical high-rainfall, steep-terrain region, where
hydropower provides almost all electricity supply,
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while solar, wind and biomass remain largely un-

tapped [13].

The two regions therefore represent contrasting

renewable energy development models:

e Andalusia - a diversified solar wind biomass
system with high theoretical potential, facing
mainly grid, land-use and permitting con-
straints.

e Rize - a hydropower-dominated system with
high technical potential, but strong ecological
sensitivity, complex topography and rising local
opposition to new hydro projects.

Previous comparative studies often focus either

on technical potentials or on socio-economic im-

pacts [14]. Meanwhile, the literature on social ac-

ceptance of renewable energy demonstrates that
public support, institutional trust and perceived
fairness can decisively shape the success or failure
of projects [15], [16]. Similar gaps between theo-
retical renewable energy potential and actual de-
ployment have been reported in several regional
and national studies, which point to the decisive
role of non-technical barriers such as spatial con-
straints, regulatory frameworks and social ac-
ceptance in shaping real-world outcomes [17]. In-

tegrating these strands at regional scale remains a

methodological challenge.

The present paper responds to this gap with
three objectives:

1. Quantify and compare renewable energy poten-
tial and actual utilisation in Andalusia and Rize,
focusing on solar PV, wind, hydropower and bi-
omass.

2. Characterise the “usage gap” between technical
potential and current deployment, including
technological dominance and diversification.

3. Develop and apply a simple Socio-Cultural Re-
newable Adoption Index (SCRAI) to capture so-
cial acceptance and territorial compatibility
alongside technical metrics, and to position
both regions in a common “Status vs. Future
Feasibility” matrix.

The analysis is based on regional pre-studies,
complemented by national and international sta-
tistics and selected peer-reviewed literature.

Study Areas and Data
Andalusia (Spain)

Andalusia is the southernmost autonomous
community of Spain, with an area of 87,600 km?
and a population of approximately 8.5 million. The
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region is characterised by Mediterranean and
semi-arid climates with high annual solar irradi-
ance, often between 1,800 and 2,000 kWh-m™2- yr™%,
and favourable wind conditions, particularly in
coastal provinces such as Cadiz. According to the lat-
est regional energy statistics, Andalusia reached a to-
tal installed power capacity of 20,840 MW in 2024, of
which 68.1% is from renewable sources. Annual re-
newable electricity generation was 20,756 GWh,
again representing 68.1% of total regional genera-
tion. The technology mix is dominated by:

e Solar PV: Installed capacity 8,853 MW in 2024, fol-
lowing the addition of 2,253 MW in that year
alone (40.1% growth compared to 2023).

e Wind energy: Installed capacity 3,636-3,668 MW,
contributing roughly 22% of renewable genera-
tion.

e Hydropower: Approximately 639 MW of largely
stable capacity, representing around 3% of re-
newable capacity.

¢ Biomass: Around 274 MW, mostly based on agri-
cultural residues and forestry by-products.

The theoretical technical potential assessed in
the Andalusia pre-study is approximately 30,000
MW for solar PV, 15,000 MW for wind and 4,500
MW for biomass, highlighting a substantial gap be-
tween potential and actual use, particularly for so-
lar and wind. External studies confirm that Anda-
lusia is among Spain’s leading regions for renewa-
ble deployment and plays a key role in national en-
ergy security [18].
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Fig. 1. Map of Andalusia with provincial boundaries and
generation of renewable energy (solar & wind) for each
province
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Rize (Turkey)

Rize Province is located on the Black Sea coast
of north-eastern Turkey and covers the area of
3,920 km?. The terrain is strongly mountainous,
rising quickly from the sea to the Kackar Mountains
(3,000 m). The region has a humid Black Sea cli-
mate, with annual precipitation of about 2,000-
2,500 mm, among the highest in Turkey. This com-
bination of steep gradients and high rainfall under-
pins substantial hydropower potential.

Rize’s electricity system is almost entirely re-
newable and hydro-based. Recent data indicate:

e Total installed capacity  352-353 MW, almost
all in 17-18 hydropower plants.

e Annual hydropower generation = 1,034 GWh
(some sources report ~1.30 TWh), correspond-
ing to approximately 100-176% of local elec-
tricity demand, depending on the demand esti-
mate used.

e Rize’s annual electricity demand is in the range
of 740-1,013 GWh, with more than half con-
sumed by households.

e Only one small, unlicensed solar PV plant
(0.75 MW rooftop-type) operates in the prov-
ince; no wind power plants are installed.

e Biomass projects are at an early stage, exempli-
fied by a planned 0.8 MW pyrolysis-biochar
plant using tea waste, expected to produce
roughly 6 GWh per year.

Hydropower potential assessments by the State
Hydraulic Works (DSI) and academic studies esti-
mate the technical hydropower potential of the
Rize basin at 1,200-1,230 MW and 2,000-
4,600 GWh-yr‘l. Given this spread, hydropower
utilisation is reported explicitly as (i) capacity uti-
lisation UMC = 352/1231 = 0.29 and (ii) energy uti-
lisation U”E in the range (1.03-1.30 TWh)/(2.0-
4.6 TWh) = 0.22-0.65. This uncertainty is discussed
in the Results & Discussion to avoid mixing capac-
ity- and energy-based utilisation metrics.

Vol 5. No. 1(2026)

Solar PV capacity in Rize Province /(MW}

S

i .
A
P -~ \ \\
i Findikli
& Pazar L \ N
ﬂ,/ “-—f S AN
> ) \ \\ /
Derepazari, A -
| Ardegen /
AN [I—— | ” \
/ \ Hemsin | \ /
. “ AN | ! \ /
Idere %\ Cayel " | /"
Kalkandere'-_\.‘ \ \ // /
\ " \( Camihemsin '\
{ \ L/
\ /. /r'
e
\ \\ g
| . \ -~ 0.75 MW installed
| Tkizdere v

Hydropower generation in Rize Province (GWh/year)

P Finclikli

Derepazan Ardesen

Merkez
Tyidere [
%

%
Kalkandere %

Camithemgin

0-100 GWh

100-200 GWh

B 0-co0awn
. >400 GWh

Fig. 2. Schematic map of Rize region based on
administrative boundaries [19]

Data Sources

For Andalusia, the analysis draws on:

Regional grid and generation statistics from
Red Eléctrica de Espafia (REE).

Reports of the Agencia Andaluza de la Energia
and the Spanish Ministry for Ecological Transi-
tion (MITECO).

A detailed internal regional report on the re-
newable energy potential and utilisation in An-
dalusia covering the period 2015-2024.

For Rize, data sources include:

TEIAS (Turkish Electricity Transmission Corpo-
ration) and EMRA (Energy Market Regulatory
Authority) records on installed capacity and an-
nual generation.

DSI hydrological data and hydropower poten-
tial estimates.
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e TUIK (Turkish Statistical Institute) and provin-
cial reports on population and electricity de-
mand.

e Project documents on biomass from tea waste
and local wastewater treatment plants.

Global framing is informed by IEA and other in-
ternational assessments of renewable energy and
hydropower [20].

Methodology
Technical Potential Calculations

To ensure comparability, we adopt simple engi-
neering formulations for estimating technical en-
ergy potential, where local studies provide com-
patible parameters.

For photovoltaic energy, yearly electricity pro-
duction Epyis approximated as (1):

Epy =mAH (1)

where:

¢ 71 -module and system efficiency,

e A - available area for PV deployment,

e H - annual global solar irradiance on the rele-
vant surface (kWh-m™2-yr™1).

For hydropower, the instantaneous electrical
power Pis estimated by (2):

P=npgQH, (2)
where:
e 1 -overall turbine-generator efficiency,
e p - water density,
e g - gravitational acceleration,
e @ - volumetric flow rate,
e H, -hydraulic head.

Annual energy output is then obtained by inte-
grating Pover time, accounting for flow variations.
For the purposes of this study, we use published
technical potential values from regional and na-
tional sources, rather than recalculating detailed
hydrology, and we compare them with current in-
stalled capacities and generation.

Utilisation and Dominance Indicators

The degree of utilisation of technical potential
for each technology i is approximated by two com-
plementary ratios: capacity utilisation (3) and en-
ergy utilisation (4):
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Ci

Ui - Ci,tech (3)
Ei
Ui - Ei,tech (4)

where (; is installed capacity and C; ., the esti-
mated technical potential (both in MW), E; is an-
nual generation (GWh-yr1), and Eitech is technical
potential (GWh-yr-1). For solar and wind in Andalu-
sia, this ratio can be evaluated directly from the
prestudy-; for Rize, it is only meaningful for hydro-
power, given the limited or negligible technical po-
tential for wind and the lack of consistent estimates
for solar and biomass.

The share of renewables in total electricity de-
mand is (5):

E
Sres = . (5)

Edemand

where Epps denotes annual renewable electricity
generation and Ejy.p,,nq total consumption in the re-
gion (GWh-yr1).

To assess technology dominance, we define a
simple dominance index (6):
Emax
P73 ©
where E .4 is the generation of the dominant re-
newable technology and }}; E; the sum of all renew-
able technologies. A value close to 1 indicates
strong dominance by a single technology.

Socio-Cultural Renewable Adoption Index
(SCRAI)

Technical indicators alone cannot fully explain
the divergence between Andalusia and Rize. There-
fore we propose a composite Socio-Cultural Re-
newable Adoption Index (SCRAI) that condenses
four dimensions into a transparent scoring
scheme.

Each dimension is scored on a 0-10 scale:
Utilisation of Technical Potential (U):

0 = negligible utilisation of available resources;
10 = technical potential largely exploited.

Share of Renewables in Total Demand (S):

0 = renewables cover 0% of demand;

10 = renewables cover ~100% or more of demand.
Social & Cultural Acceptance (4):

0 = strong opposition, frequent conflicts, low trust;
10 = broad public support, stable policy consensus
[21].
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Practical Compatibility (C):

0 = highly unfavourable terrain/land use, severe
environmental conflicts, weak grid;

10 = favourable land availability, minimal conflicts,
robust grid.

For each region, expert judgement based on the
regional reports and secondary literature is used to
assign scores (Section SCRAI Scores for Andalusia
and Rize). From these, three indices are derived:

e Integration Score (I): a single “report-card”
value (7):

| = U+S+A+C (7)

4
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e Status Score (X): captures current technical suc-
cess (8):

U+s
x=2
2

(8)

e Future Feasibility Score (Y): captures socio-cul-
tural and territorial conditions for future
growth (9):

A+C
Y =—
2

(9)

The pair (X’ Y)positions each region in a “Status
vs. Feasibility” matrix, for example, differentiating
“saturated” systems from “rising stars”.

SCRAI Framework

TECHNICAL BLOCK

(Integration)

UTILISATION Share of Demand
(V) (S)
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Status vs. Future
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- 1)
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Fig. 3. Conceptual structure of the SCRAI framework, showing the four components (U, S, A, C) and their aggregation
into Integration, Status and Future Feasibility scores

SCRAI scores were assigned with complementary
expertise in renewable energy engineering, re-
gional energy systems and socio-environmental as-
sessment. Each expert scored the four dimensions
independently using the rubric in Table 1a. Final
scores were obtained by arithmetic averaging;

when any dimension differed by more than 2 points
across reviewers, the underlying evidence in the re-
gional reports and cited literature was re-checked
and a consensus score was agreed.
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To reduce subjectivity, the two quantitative dimen-
sions (U and S) are mapped to explicit percentage
thresholds, while the qualitative dimensions (A and
C) are anchored to documented indicators such as

Vol 5. No. 1(2026)

the presence of protected areas, frequency of local
conflicts, land-use constraints and grid bottlenecks
(Table 1).

Table 1. SCRAI scoring

Dimension 0 2 4 6 8 10

U - Utilisation of | U_i <5% 5-15% 15-30% 30-50% 50-80% >80% (near-

technical (or negligible use) saturation)

potential

S - Share of RES | <10% 10-30% 30-50% 50-70% 70-100% >100% (net

in total exporter)

demand

A - Social & cul- | Systematic Frequent Mixed atti- | Generally ac- Broad sup- Strong sup-

tural acceptance | opposition; protests/ tudes; re- cepted with port; few port; stable
repeated project legal currentlo- | some localised | conflicts policy consen-
cancellations disputes cal conflicts | conflicts sus

C - Practical Severe Major Multiple Moderate con- | Favourable | Very favoura-

compatibility terrain/grid con- constraints; | constraints; | straints; feasi- | conditions; ble condi-
straints; high en- many limited sit- | ble siting with | minor con- tions; robust
vironmental con- | protected ing options | mitigation straints grid and land
flicts areas/weak availability

grid

Results & Discussion

Andalusia: Potential, Utilisation and Gaps

Table 2 summarises the main indicators for Anda-
lusia in 2024, based on the regional report.

Table 2. Renewable energy indicators for Andalu-

sia (2024).
Installed||Theoretical ||Utilisation |[Role in
Techno- . .
lo capacity ||potential of poten- |[renewa-
gy ™Mw)  ||Mw) tial Ui (%) ||ble mix
Solar PV (8,853  {|30,000 %295 bominant
technology
S d
Wind  |[3,668  ||15,000 245 econ
largest
Biomass |[274 4,500 ~6.1 Niche but
strategic
Hydro- 639.4 (llml.ted e || ctable Balancing
power pansion) & storage

Total installed capacity: 20,840 MW (68.1% re-
newable). Renewable generation: 20,756 GWh
(68.1% of total generation).

Solar PV has experienced particularly rapid
growth, with 2,253 MW added in 2024 alone
(+40.1% year-on-year), consolidating Andalusia’s
position as Spain’s leading PV region. Wind capac-
ity growth has been more moderate, though coastal
areas still offer untapped potential [22]. Biomass

and hydropower remain relatively small contribu-

tors in terms of capacity, but they are important for

flexibility and rural development.

The utilisation ratios in Table 1 illustrate a sig-
nificant usage gap, especially for solar and wind:
less than one-third of the estimated solar potential
and roughly a quarter of wind potential are cur-
rently exploited. Biomass remains far below its es-
timated potential of 4,500 MW. The main con-
straints identified in the regional report and sup-
porting literature are:

e Grid congestion and the need for substantial
transmission and distribution upgrades;

e Land-use conflicts and environmental re-
strictions on large PV farms and onshore wind
parks;

e Lengthy permitting procedures and regulatory
uncertainty for new projects;

e Limited deployment of large-scale storage and
demand-side flexibility [23].
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(a) Andalusia - Installed vs. Potential
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(b) Rize - Installed vs. Potential
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Fig. 4. Installed capacity versus theoretical potential
for four renewable energy technologies
(solar, hydropower, wind, and biomass) in (a)
Andalusia and (b) Rize
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The figure illustrates the magnitude of the usage
gap for each technology. Andalusia shows a diver-
sified renewable energy portfolio with large un-
tapped solar, wind, and biomass potential, whereas
Rize exhibits a hydro-dominated system with lim-
ited or negligible potential for other RES technolo-
gies. The comparison highlights the contrasting
structural constraints and development pathways
of both regions.

Rize: Hydropower Dominance and Untapped Resources

Table 3 presents key indicators for Rize’s electricity system, based on provincial data and hydropower stud-

ies.

Table 3. Renewable energy indicators for Rize Province (latest available year, 2023 /2024)

Technology/item H Value

H Notes

Total demand % 740-1,013 GWh-yr™*

Different data sources (distribution company vs.
academic study)

Hydropower in-

stalled ~ 352 MW (17-18 plants) Nearly all regional capacity
capacity
Hyd

y rop(l)wer % 1,034-1,300 GWh-yr™* Covers 102-176% of local demand
generation
Technical

echnica ~1,200-1,230 MW; 2,000-4,600 _
hydropower 1 Depending on methodology

. GWh-yr

potential

‘Solar PV capacity H0.75 MW (unlicensed rooftop)

HNegligible generation (~1 GWh) |

Wind capacity 0 MW

Technical potential effectively zero in provincial
maps

‘Biomass capacity HO MW installed; planned 0.8 MW

HPilot pyrolysis plant (~6 GWh-yr™* projected) |

From these figures, the following observations
emerge:

e Share of renewables in demand: Hydropower
alone already exceeds local consumption
(S_RES = 1.0-1.76), making Rize a net exporter
of renewable electricity within the Turkish grid.

e Hydropower utilisation: Depending on the ref-
erence technical potential (2,023 or
4,644 GWh-yr 1), the utilisation of hydropower
potential ranges from about 28% (capac-
ity-based) to about 64% (energy-based), indi-
cating significant remaining potential, but also
substantial environmental and social con-
straints.

e Other renewables: Solar PV has limited re-
source quality (*1,100-1,400 kWh-m 2-.yr™%),
and land constraints make large-scale plants

Comparative Technical Assessment

unattractive. Wind potential is assessed as neg-
ligible in provincial wind maps. Biomass offers
niche opportunities through tea waste, forest
residues and wastewater, but projects are in pi-
lot phases.

The dominance index for Rize is extremely high:
hydropower accounts for approximately 99.5-
99.9% of renewable generation, leading to D = 1.0.
In other words, Rize is effectively a single-technol-
ogy renewable system.

Environmental and socio-cultural factors fur-
ther constrain future hydropower expansion. Sev-
eral studies report local opposition to new projects
in the Eastern Black Sea region, due to impacts on
river ecosystems, landscapes and traditional liveli-
hoods [24].
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Table 4 compares core technical indicators for Andalusia and Rize.

Table 4. Comparative technical indicators for Andalusia and Rize.

| Indicator || Andalusia || Rize
‘Total installed capacity (MW) H20,840 Hz 352
‘Renewable share of capacity (%) H68.1 Hz 100

‘Renewable generation share in demand S_RES H68.1%

Hz 100-176%

|D0minant technology ||Solar PV

||Hydropower

‘Dominance index D

Hz 0.5-0.6 (solar share in RES) Hz 0.99 (hydro share in RES)

Diversity of mix dro)

High (solar, wind, biomass, hy-

Very low (hydro only)

Nonhydro renewables; remaining

Key usage gaps Solar, wind, biomass hydro potential under environmen-
tal constraints
SN indicators: Andalusia vs. Rize i, about two-thirds of demand, and large unused
Lol == ansaisia|_1o0 , s

= Rize ‘

BO
68.1 68,1 |

60

Value [%)

40

20

o Capacity Share [%]

Demand Share [%] Dominance Index [%]
Fig. 5. Combined bar chart for Andalusia and Rize com-
paring (a) renewable share of capacity; (b) renewable
share of demand; (c) dominance index, to visualise the
contrast between a diversified and a hydro-dominated
system

In summary:
e Andalusia is a diversified, high-potential but

not fully utilised system: renewables cover

SCRAI Scores for Andalusia and Rize

technical potential exists, especially for solar
and wind.

e Rize is a hydro-dominated, near-self-sufficient
system: renewables (almost entirely hydro) al-
ready cover or exceed local demand, but op-
tions for further expansion are limited by geog-
raphy, environmental protection and social ac-
ceptance.

These differences motivate the introduction of
a joint socio-cultural index to understand where
each region stands not only technically, but also in
terms of readiness for further renewable deploy-
ment.

Using the four dimensions defined in Section 3.3 and the information from the regional reports, we assign

scores to Andalusia and Rize (Table 5).

Table 5. SCRAI component scores and derived indices for Andalusia and Rize (0-10 scale)

Anda-
lusia
(ES)

Component Rationale (ES)

Rize

(TR) Rationale (TR)

U - Utilisation of
technical poten- ||3.0
tial omass)

Solar, wind and biomass far below poten-
tial (*25-30% for solar/wind, *6% for bi-||3.0

Large hydropower potential still un-
tapped; nonhydro renewables mar-
ginal

S - Share of RES

Renewables supply 68% of electricity

Hydropower already covers 2100%

compatibility

6.8 10.0
in total demand demand of demand, region is net exporter
A - Social & cul High public support for renewables; Mixed attitudes; hydropower histori-

8.0 largely positive perception of solar and 4.0 cally accepted, but growing opposi-
tural acceptance . i . . . C

wind, with localised conflicts only tion due to ecological impacts
Steep terrain, flood risk, high biodi-

C - Practical Good land availability for solar/wind; eeP errain, 1ood rsk, g _10 !

7.0 4.0 versity and protected areas; grid and

some grid and landuse constraints

access limitations
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From these component scores we compute:
o Integration Score I
o Andalusia:/ = (3.0 + 6.8 + 8.0 +
7.0)/4 =6.20
o Rize:1 =(3.0+10.0+ 4.0 +4.0)/4 =
5.25
. Status Score X
o Andalusia: X = (3.0 + 6.8)/2 =49
o Rize: X = (3.0+10.0)/2 = 6.5
) Future Feasibility Score Y
o Andalusia:Y = (8.0+7.0)/2=75
o Rize:Y =(4.0+4.0)/2 =40

These results imply:

e Rize (6.5/4.0) - strong current technical status
due to high hydropower share, but limited fea-
sibility for further expansion because of envi-
ronmental constraints, contested hydropower
projects and lack of alternative resources. Rize
can be characterised as a “saturated hydro re-
gion”.

e Andalusia (4.9/7.5) - moderate current status,
as renewables do not yet fully cover demand,
but very favourable conditions for future ex-
pansion of solar and wind, supported by poli-
cies and social acceptance. Andalusia can be
seen as a “rising solar wind region”.

(a) SCRAI component radar chart
S — &

ndelusia 1 (b) Status vs. Future Feasibility Matrix
ize
X Andalusia

X Rize

Fulure Feasibility Score

@ 3 & 10
Status Score (Technical Maturity)

Fig. 6. (a) Radar chart of the four SCRAI components (U,
S, A, C) for Andalusia and Rize; (b) “Status vs. Future
Feasibility” matrix plotting Andalusia and Rize in X-Y
space, visually distinguishing the saturated and
rising-star profiles

Technical Pathways under Different
Resource Endowments

The comparison between Andalusia and Rize
demonstrates how regional resource endowments
strongly influence renewable energy pathways.
Andalusia’s high solar irradiance and favourable
wind corridors naturally support large-scale PV
and wind deployment, while biomass and hydro-
power play balancing and niche roles. Rize’s moun-
tainous terrain, abundant precipitation and nar-
row valleys, by contrast, are optimally suited to hy-
dropower, but unsuitable for extensive wind or
ground-mounted solar fields.
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Yet resource endowment alone does not ex-
plain the full picture. Andalusia’s substantial un-
used solar and wind potential is constrained by
grid bottlenecks, land-use conflicts and regulatory
processes. Rize’s hydropower potential faces a dif-
ferent set of constraints: ecological sensitivity,
flood risks and the spatial concentration of projects
in environmentally fragile valleys.

SocioCultural Acceptance and Territorial
Compatibility

The SCRAI framework unpacks these differ-
ences in a structured way. The social acceptance
literature emphasises that renewable energy pro-
jects are embedded in multi-level contexts, involv-
ing socio-political, community and market ac-
ceptance. European case studies show thatlocal ac-
ceptance improves when communities perceive
tangible benefits, fair procedures and consistency
with local identity [25].

In this light, Andalusia’s high score for social ac-
ceptance (A = 8.0) and practical compatibility (C =
7.0) reflect:

e agenerally positive public discourse around re-
newables, embedded in national and EU decar-
bonisation strategies;

e visible economic benefits (jobs, investment)
from solar and wind projects;

e alandscape where large-scale projects can of-
ten be sited away from densely populated ar-
eas, albeit with localised conflicts.

Rize, conversely, shows lower acceptance (A =
4.0) and compatibility (C = 4.0), despite hydro-
power being historically central to regional devel-
opment. Ethnographic and political ecology studies
in the Eastern Black Sea region document conflicts
over river regulation, concerns about landslides
and floods, and perceptions of unequal distribution
of benefits. In a narrow and ecologically rich land-
scape, the cumulative impact of multiple hydro-
power plants amplifies local opposition, even when
national energy policy strongly promotes hydro-
power.

Policy Implications

The combined technical and socio-cultural assess-
ment suggests differentiated policy priorities:
e For Andalusia:
o Further exploit solar and wind potential by ac-
celerating grid reinforcement and smart-grid
deployment;
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o Streamline permitting procedures while
maintaining environmental safeguards;

o Promote storage (pumped hydro, batteries)
and demand-side management to enhance
system flexibility;

o Use participatory planning to address local
land-use conflicts and protect high-value
ecosystems.

e ForRize:

o Prioritise modernisation and efficiency im-
provements in existing hydropower plants,
rather than extensive greenfield develop-
ment;

o Expand small-scale, low-impact options
such as micro-hydro, rooftop PV and bio-
mass from tea waste;

o Strengthen environmental assessment and
public participation processes to address
conflicts;

o Explore regional energy storage and grid so-
lutions that enable better integration of flex-
ible demand and local renewables.

The SCRAI’s Status vs. Future Feasibility matrix
provides a useful visual tool for policymakers: re-
gions in the “high-status/low-future” quadrant
(like Rize) require strategies for diversification and
conflict mitigation, while those in the “medium-sta-
tus/high-future” quadrant (like Andalusia) need to
prioritise infrastructure and policy frameworks
that unlock remaining potential [26].

Methodological Limitations and
Transferability

The proposed SCRAI has several limitations:

e Component scores rely on expert judgement
based on available reports and literature, ra-
ther than systematic surveys;

e The four dimensions are given equal weight,
which may not reflect all stakeholders’ priori-
ties;

e Technical potential estimates, especially for
Rize’s hydropower, vary across sources, intro-
ducing uncertainty into utilisation metrics.

Nonetheless, the framework is intentionally
simple and transparent. It can be replicated for
other regions using publicly available data and
qualitative assessments, and refined by incorpo-
rating survey-based measures of acceptance, more
detailed GIS analyses of land-use constraints and
additional indicators (e.g. institutional capacity, in-
vestment climate).
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Conclusions

This paper has provided a comparative assess-
ment of renewable energy potential, utilisation and
socio-cultural adoption in Andalusia (Spain) and
Rize (Turkey), combining detailed regional data
with a novel Socio-Cultural Renewable Adoption
Index (SCRAI).

The main conclusions are:

1. Contrasting resource driven pathways:

*  Andalusia is a solar wind region with high
theoretical potential and a diversified re-
newable mix, yet with a substantial usage
gap for solar, wind and biomass.

*  Rizeis a hydropower region where renew-
ables already cover or exceed local elec-
tricity demand, but where further large
scale development faces strong environ-
mental and social constraints.

2. Different dominance and diversification pro-
files:

* In Andalusia, solar PV is dominant but em-
bedded in a diversified system; the domi-
nance index is moderate (~0.5-0.6).

* In Rize, hydropower is overwhelmingly
dominant (D = 0.99), making the system
vulnerable to hydrological and socio-polit-
ical risks.

3. Socio-cultural and territorial conditions mat-
ter:

* The SCRAI reveals that Andalusia com-
bines medium current status with high fu-
ture feasibility (4.9/7.5), a “rising solar-
wind region”.

*  Rize combines high status with low future
feasibility (6.5/4.0), a “saturated hydro re-
gion” requiring diversification and conflict
mitigation.

4, Policy priorities differ accordingly:

*  Andalusia should focus on grid moderni-
sation, storage deployment, and regula-
tory reforms to accelerate solar and wind
development while managing land use
conflicts.

*  Rize should prioritise optimisation of ex-
isting hydropower, promotion of small
scale and low impact technologies, and
strengthening of environmental and par-
ticipatory governance.

5. Methodological contribution:
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The SCRAI offers a simple yet insightful
tool to integrate technical and socio-cul-
tural dimensions in regional energy plan-
ning and can be adapted to other regions
with minimal data requirements.

Future work should: (i) extend the analy-
sis to more regions, covering a broader
spectrum of resource types and socio-po-
litical settings; (ii) validate and refine
SCRAI component scores through stake-
holder surveys; and (iii) link SCRAI out-
comes with quantitative energy system
modelling and GIS-based spatial planning.
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