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O duoLKOC KUKAOC Tou avBpaka (mpo Blopnyxavikng enovaotoonc)
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AvBpwroyeveic eknopmnec AtO, 1990-2024

Total GHG emissions 1990-2024 (GtCO,e/year)
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To HEYOAUTEPO YEWAOYLKO MELPAA OTNV LOTOPLA TOU TTAQVNTN “"'

GLOBAL CARBONBUDGET in the year 2024 e

TOTAL EMISSIONS ATMOSPHERIC CO, BUDGET IMBALANCE -6.2 Pg CO2
GROWTH RATE
TOTAL SINKS

19.5
(x4.1

-

 Duoikéc avtaAhayic
~770 GtCO,/€t0¢

(6utAnc katevBuvoNg, oxedov
LOOPPOTINUEVEC)

37.8 (+1.8) 4.6(+ 2.6) 7.1 (£3.7) 12.4 (x1.5)

AvOPWTTOYEVELC EKTTOUTTEC
~42 GtCO,/£t0C

(novOobpopEG, CUCOWPEUTLKEG)
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Sources: IPCC AR6 WG1 (2021) & Global Carbon Project 2024
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44OCarbon dioxide concentration at Mauna Loa Observatory*
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Full record ending February 25, 2026

*Mauna Kea data in blue
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Source: WMO confirms 2025 was one of warmest years on record, PR, 14 January 2026 10



Global surface air temperature monthly anomalies GLOBAL
Data: ERAS + Reference period: 1991-2020 « Cradit: C3S/ECMWF CI.'..I.M#.TE
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Source: Copernicus Climate Change Service (C3S) / ECMWF — Global Climate Highlights 2025. ERAS reanalysis: Global surface air temperature
monthly anomalies (reference 1991-2020). https://climate.copernicus.eu/global-climate-highlights-2025
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Global upper 2000 m Ocean Heat Content (OHC) change ‘0

Difference from 1981-2010 average
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Source: Pan, Y., Cheng, L., Abraham, J. et al. Ocean Heat Content Sets Another Record in 2025. Adv. Atmos. Sci. (2026).
https://doi.org/10.1007/s00376-026-5876-0
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Source: Climate Central analysis, “Warming Winter Olympics: February warming and freezing days trends”, 2026
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Source: Observed mean annual air temperature trend in Greece (1991-2020) based on ERA5-Land reanalysis (~9 km resolution). Country-average
warming ~0.05 °C/yr, locally exceeding 0.07 °C/yr. Lagouvardos et al., Atmosphere (2024), https://doi.org/10.3390/atmos15091104
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KAwpotikn evoodbnoia (Climate Sensitivity) [1]
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Source: Sherwood et al. (2020), An assessment of Earth’s climate sensitivity using multiple lines of evidence, Reviews of Geophysics (AGU)

16



KAwpatikn evatoBnoia (Climate Sensitivity) [2] ‘-"

AAAa autn tn oxeon tnv yvwpilaue edw kat 130 ypovia!!

1896, Svante Arrhenius

“On the Influence of Carbonic Acid in the Air upon the
Temperature of the Ground

YUVEAaBe cwotad tn AoyaplBuLkn oxeon Bepuokpaciac—CO,

AutAaclacpog CO, - +5-6°C
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@®1990 “by increasing [greenhouse gas] concentrations...humankind is capable ﬁﬂa
of raising the global-average annual-mean surface-air temperature” ‘;v
“The balance of evidence suggests a discernible human influence on ,
$1955 ance of 2 f Ot ExG¢oelc Tne
global climate ;
, o AlakuBepvntikne
“most of the observed warming over the last 50 years is likely to have £ , OHE
©®2001 been due to the increase in greenhouse gas concentrations” nutpornng tov
yla To KAipa yivovtal
“Most of the observed increase in global average temperatures since the OAo kot 1o aacpe[g
@2007 mid-20th century is very likely due to the observed increase in yLo thv EIT[(S,OO(CII’] TOoU
anthropogenic greenhouse gas concentrations” ,
pogenicd 2 avOpwItou
“Human influence on the climate system is clear, and recent
©2014 anthropogenic emissions of green-house gases are the highest in history. =
Recent climate changes have had widespread impacts on human and B
natural systems” i
‘ 2 O 2 3 Summary for Policymakers

“Human activities, principally through emissions of greenhouse gases,
have unequivocally caused global warming, with global surface
temperature reaching 1.1°C above 1850-1900 in 2011-2020

Source: IPCC, Assessment Report, https://www.ipcc.ch/reports/
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g
o
Change in CO, emissions and GDP, Greece O Data "

Consumption-based emissions* are national emissions that have been adjusted for trade. This measures fossil
fuel and industry emissions®. Land-use change emissions® are not included.

+80%

GDP +42.1%
+60%

+40% GDP

+20%

b CO, emissions -36%

1990 2024

+0% =g

-20%

Consumption-based CO, emissions

CO. emissions
'40% ] | I | I 1 | |
1990 1995 2000 2005 2010 2015 2020 2024

Data source: Eurostat, OECD, IMF, and World Bank (2026); Global Carbon Budget (2025)
Note: GDP is measured in international-$* at 2021 prices to account for inflation and differences in living costs between countries.

Source: https://ourworldindata.org/grapher/co2-emissions-and-gdp?time=earliest..2024&country="GRC 23
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To KOOTOG YLOL TNV OVTLLETWTILON TNG KALULATLKAG KPLoNG _ ';.

UK Climate Change Committee
(CCC) 2020 analysis

The annualised cost of reducing
greenhouse gas emissions to net
zero by 2050 is estimated to be
~0.5 % of GDP

Stern Review, 2007

“The costs of action — reducing

greenhouse gas emissions by
80% — can be limited to around

1-2%* of global GDP each year”

* Initially 1%, revised to 2% in the next year

NMwc £yve ePLKTA WUTA N LELWOT TOU KOGTOUC
YlOl TNV OLVTLUETWTILON TNC KALUATIKAC aAAayNC;

Sources: Stern Review (2007) estimated ~1% of GDP for stabilisation — https://www.lse.ac.uk/grantham/tony-stern/stern-review ;
UK Climate Change Committee (2020) net-zero cost report — https://www.theccc.org.uk/publication/net-zero-technical-report;
Academic analysis referencing ~0.5% GDP net-zero cost — https://academic.oup.com/ej/article/132/644/1259/6519262

24
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Source: IRENA (2024), “Renewable Power Generation Costs in 2023”. Global weighted average levelized cost of onshore and offshore wind energy 25



o ) Potential contribution to net emission reduction (2030) GtCO:-eq yr'
Mitigation options 0 2 4

/ o
[ Wind enerf .

Energy

AFOLU

Buildings

Transport

Industry

Other

Solar ener
Bicelectri

fydoport — Mitigation options

Geotherm,
Nuclear er]
Carbon ca

Bioelectrig r Wind enerqy

Potential contribution to net emission reduction (2030) GtCOz-eq yr

0

Reduce CHz emission from coal mining
Reduce CH, emission from oil and gas

[ Carbon sequestration in agriculture

Reduce CH, and N;0 emission in agriculture

Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation

Improved sustainable forest management
Reduce food loss and food waste
Shift to balanced, sustainable healthy diets

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, ind. buses
Shipping = efficiency and optimization
Aviation — energy efficiency

Biofuels

Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, Hz)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CC5
Cementitious material substitution

Reduction of non-CO; emissions

Reduce emission of fluorinated gas
Reduce CHs emissions from solid waste
Reduce CH, emissions from wastewater

Net lifetime cost of options:

I Costs are lower than the reference
0-20 (USD tCOs-eq")

[ 20-50 (USD tCO-eq”)

I 50-100 (USD 1COz-eq)

I 100200 (USD tCO,-eq’)
Cost not allocated due to high
variability or lack of data

+——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

4 6

“Reducing GHG emissions across the full
energy sector requires major transitions,
including a substantial reduction in
overall fossil fuel use, the deployment of
low-emission energy sources...”

IPCC, AR6, WGlII

Source: IPCC(2022). AR6, WG IIl — SPM, Overview of mitigation
options and their estimated emission-reduction potential and costs
by 2030. https://www.ipcc.ch/report/ar6/wg3/ 26
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1. O avBpwrmoc¢ xwpic apdLPoAia €xeL mTPoKAAECEL TTAYKOOULO BEpLAVON

2. Tvwpiloupe A€oV pe peyaln akpiBela t Oa yivel av dev dpdooupe dpeoa (dev
gxoupe Sikatoloyial)

3. H kAwpatikn kplon eival eva maykoopuo {ATNU, LE KOWWVLKEC, OLKOVOULLKEC KoLl
TTOALTLKEC TITUXEC YLOL OLUTO UTTAPXEL HEYAAn adpavela otn ANYn amodpacswv

4. H avtipetwrnion tng amnottel Spaoelc oe moAAad enineda

5. H atoAwkn evepyela kat ot AMNE v yevel eival va amo ta Baockotepa epyaleia
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Abstract

In a world of over 82 billion people, the land footprint of any infrastructire has become a
critical factor in sustainable spatial planning. In the case of wind energy deployment, land
use primarily involves hardstands, access roads, and interconnection infrastructure. This
study focuses on Greece, a country with complex mountainous terrain, where Wind Power
Stations are predominantly installed along ridgelines and slopes. Using GIS analysis based on
digitization of actual on-site infrastructure, we measured the land coverage of wind energy
facilities with a total installed capacity of nearly 2.6 GW. We found an average land-use
intensity of 0.33 hectares per megawatt (ha/MW), placing it near the lower end of the range

reported in international literature. For the subset of projects with available energy vield data,

the value was 1.58 square meters per megawatt-hour (m® /MWh). This approach provides
ote of the largest, nationally representative, infrastructure-based estimates of actual wind
energy land use in complex terrain. Applving these findings to the onshore wind deployment
targets of Greece's National Energy and Climate Plan (NECF) for 2030 and 2050, we estimate

that only 0.02-0.03% of the country's land area will be occupied by wind energy infrastructure.

By comparison, lignite mining has alveady transformed approximately 0.13% of the national
territory—almost four times more land than projected for wind energy use in 2050. Further
spatial analysis was conducted to identify the land use categories associated with wind energy
infrastructure, while for the subset of projects located within Natura 2000 protected areas,
the types of affected habitats were also examined. Treating land coverage as a standalone
proxy for environmental impact should be avoided; the study demonstrates the need for
a context-sensitive interpretation of land use, accounting for ecological context, land-use
compatibility, and positive co-benefits, such as improved forest accessibility, fire prevention
works and recreation parks. Repowering maximizes land efficiency by extending wind farm
lifetimes without expanding their footprint.

Keywords: land-use planning; wind energy; renewable energy; complex terrain; Greece;

environmental impacts; Geographic Information Systems; compensatory measures; repowering

1. Introduction

In a world where nearly 40% of the planet’s ice-free land is devoted to agriculture

N »

Ot aAAayEC otn XPNoeELc yng moilouv CGNUOVTLKO
POAO OTNV KAMOTIKA oaAAayn...kol N oLoALKN
gevepyeEla sudavidel amo ta 1o HIKpa edadka
QMOTUTIWHOTO O OUYKplon HE OAAAEC HOPdEC
EVEPVELOLC

Aeite TN peEAETN pog edw:
https://doi.org/10.3390/land15020344
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