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Introduction

CMIP5 / EURO- Global Solar Energy Validation
CORDEX Simulations Estimator (GSEE)

¢ Trends of
Photovoltaic (PV)
system output

e Trends of Surface
Shortwave
Downwelling
Radiation, Total
Cloud Fraction,
Near-Surface Air
Temperature

e Comparison with
CAMS and MERRA-2
datasets



CMIP / EURO - CORDEX Simulations

*Temporal Coverage

Historical (1951-2005), Representative Concentration Pathways (RCP) 2.6, 4.5, and 8.5 [low,
moderate, and very high future emissions] (2006-2100)

s+ Climate Models
Global Climate Model (GCM): CNRM-CERFACS-CM5
Regional Climate Model (RCM): CNRM-ALADING63 > Aerosol scheme (TACTIC) (Nabat et al., 2020)

**Variables
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Ing Shortwave Rad

Surface Downwell

95% statistical significance

EURO — CORDEX (GCM: CNRM - CERFACS — CM5, RCM: CNRM - ALADING3)

Surface Downwelling Shortwave Radiation [W/m?]

- 2100

Annual Trend 1981
Reference Period: 1951 — 1980
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Total Cloud Fraction (clt

October - March (Winter period) April - September (Summer period)

EURO — CORDEX (GCM : CNRM — CERFACS — CM5, RCM: CNRM - ALADING63) 95% statistical significance EURO — CORDEX (GCM : CNRM — CERFACS — CM5, RCM: CNRM - ALADIN63) 95% statistical significance
Cloud Fraction [%] Cloud Fraction [%]
Season : October — March Season : April — September
Annual Trend 1981 — 2100 Annual Trend 1981 — 2100
Reference Period: 1951 — 1980 Reference Period: 1951 — 1980

RCP45
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clt = f(rsds) Pearson —r correlation

EURO — CORDEX (GCM : CNRM — CERFACS — CM5, RCM: CNRM - ALADING63)

Pearson — r correlation
Cloud Fraction = f ( Surface Downwelling Shortwave Radiation )

-0.6 -0.4
pearson r_value




Near-Surface Air Temperature (tas)

EURO — CORDEX (GCM: CNRM - CERFACS — CM5, RCM: CNRM - ALADING3) 95% statistical significance
Surface Temperature [K]

Annual Trend 1981 — 2100
Reference Period: 1951 — 1980
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Global Solar Energy Estimator (GSEE)

(Pfenninger & Staffell, 2016)

‘6' o — \/ I
Photovoltaic (PV) Climate Data Input Data Input Output
system simulating Interface netCDF: Global Horizontal Parameters PV out (KWh)

model submodule Irradiance = f(time, lat, lon) Tilt, capacity,




Solar Based Power Generation

Global Solar Energy Estimator (GSEE) Model 95% statistical significance

PV output [Wh/day]
Annual Trend 1981 — 2100

Reference Period: 1951 — 1980
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linear trend (slope) [percentage change/year]




Solar Based Power Generation (2)

Global Solar Energy Estimator (GSEE) Model 95% statistical significance
PV output [kWh/year] (PV Plants Capacity : 1kWp)

Annual Trend 1981 — 2100
Reference Period: 1951 — 1980

. -1.0 -0.5 0.0 0.5 1.0 .
linear trend (slope) [total annual production (kWh)/year]




Solar Based Power Generation (3)

Mean solar based power generation
PV Plants Capacity : 1 kWp

Past (Historical) Present (RCP45) Future (RCP26) Future (RCP45) Future (RCP85)
1951-1980 2005-2023 2081-2100 2081-2100 2081-2100

T 1
1150 1350 1550 1750 1950 2150
PV output [kWh/year]




Regional Climate Model validation

CAMS

e 2006-2023 with CORDEX RCP45

MERRA-2

* 1980-2005 with CORDEX Historical

ALEXANDRIA




MERRA-2

Regional Climate Model validation - Athens

mean monthly Global Horizontal Irradiance (GHI) [W/m?]

Period: 1980-2005
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mean monthly Global Horizontal Irradiance (GHI) [W/m?]
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mean monthly Global Horizontal Irradiance (GHI) [W/m?]

Period: 2006-2023
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MERRA-2

Regional Climate Model validation -

Alexandria

mean monthly Global Horizontal Irradiance (GHI) [W/m?]
Period: 1980-2005

mean monthly Global Horizontal Irradiance (GHI) [W/m?]
Period: 2006-2023
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Regional Climate Model validation - Istanbul

mean monthly Global Horizontal Irradiance (GHI) [W/m?]
Period: 1980-2005
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mean monthly Global Horizontal Irradiance (GHI) [W/m?]
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CAMS

mean monthly Global Horizontal Irradiance (GHI) [W/m?]
Period: 2006-2023
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MERRA-2
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Regional Climate Model validation - Nicosia

mean monthly Global Horizontal Irradiance (GHI) [W/m?]
Period: 1980-2005
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Future work

**Simulations with GSEE for Global Climate Models (CMIP5)

**Simulations with GSEE for Regional Climate Models (CMIP6) ~
when they will be available
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