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= Some numbers of the Iargest solar farms in-the world
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Solar farm in Moracco. Photo by Mohamed Atani/UN Environment



Background: energy balance disturbed by PV solar panels
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Question: What are the global impacts of massive solar farms in the largest desert in the world?
(Clue: Green Sahara conditions in the geological past...)



Model and simulations

EC-Earth 3 model (http://www.ec-earth.org) Simulations

« Developed by 30 research institutes » Control experiment CTRL (current climate)
from 12 European countries » Solar farm experiments S20 & S50 (20%,

« Earth system model (atmosphere + ocean 50% of the area in Sahara covered by solar
+ sea-ice + vegetation; spatial resolution: panels)
T159L62/~1° + ORCA1L75/~1°) » CTRLgssT & S205s7(Atmos+Veq, prescribed

« Land-use, nitrogen, pCO,, etc. were kept SST climatology)

as 1990 values

Surface albedo prescribed in the simulations
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Local & global climate response
'ANN SAT diff. ANN Precip & wind diff.

Ann Precip (20W-0 over land)
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Local & global climate response

'ANN SAT diff.
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Local response

robust atmosphere-land/vegetation
feedbacks

S20: +1.5°C, +0.1mm/d,

S50: +2.5°C, +0.4mm/d

Consistent with Li et al. 2018 Science
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Remote response

Global and Arctic warming;

Latitude

Arctic sea-ice loss (-0.7% for S20,

-5.3% for S50)
Amazon droughts

Polarward equatorial rainfall belt
shift
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Local & global vegetation cover response
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ENSO and Tropical cyclone response

SSTA interannual variability
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» Suppressed El Nino-Southern Oscillation &
Atlantic Nino variability

Cyclone gene3|s index diff.

40N 2 L L -
¥/ 7 \\ }¥~ 0.2
aon (. Q;fzo CTRL /g ff’*f ﬁ N jd i
. \K g R S a7 T T
10N T W ?(\ /9\?\\Tﬁlﬁ 05 - E Qﬂ"\‘ r}igﬂ\ﬁ—
EQ; w e %,_\f\%}\ \ i
10S | ) 0.6 \ \’_’s*&"_'/_i\/b =
U o § X _/,9 Q e

20S | i//‘:—-—-'/‘/gz\((’/‘fi \\_:‘\ 7 v L
308 -
408 T ilﬁfjé\“’/

60E 120E 180 120w 6w 0
40N 1 l 1 1

T R =
o Q\ Esso CTRL | e g ,/r%
| N

20N | A pa— L _ f i
10N | —— ) -kN?/bw\gA\ﬂ_
E°-D/ N, :
1Y e ~ T o \ i
208 6 5 ¢ N :
30S ! L~ -
408 T T ASE }7{ T

60E 120E 180 120W 6w 0

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

CGI = (&£ ”°t)3(1 + 0.1Vgpeqr) "2 Bruyeére etal., 2012

« Enhanced tropical cyclone activities (coastal
regions)
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Global solar potential changes
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Reduced solar power
generation (more cloud,
less SSRD) in many
regions where energy
transition to solar power is
heavily promoted, such as
Southern Europe, India,
Southeast Asia, Eastern
Australia, and Western US

Long, Lu et al. In Prep.



A preliminary assessment (electricity production, other potential effects)

Power generated Power generated Global surface air
(no vegetation (with max vegetation temperature change
shading) shading)
20% coverage 91.2TW 86.3 TW +0.16°C
50% coverage 218.1 TW 188.9 TW + 0.39°C

e Current world consumption: 18.4 TW (= 8000 Bhadla Solar Parks, each 2.245 GW)

Other processes may further

amplify the impacts

* Dust effects are missing
(changing albedo,
fertilization)

Saharan Dust Feeds Amazon’s Plants | NASA 8



Take-home message

Massive Sahara solar farms (20% or more coverage)

pros: energy enough for the world; increased local rain and vegetation, good for agriculture &
pasture in one of the poorest and driest region in the world.

cons/other impacts:
« global warming (still less than fossil fuels), < loss of Arctic sea-ice;
particular in the Arctic; enhanced tropical cyclone activities (coastal
 droughts and deforestation in the Amazon; regions);
« treeline northward shift in the Northern suppressed El Nino-Southern Oscillation &
Hemisphere; Atlantic Nino variability;
* polarward ITCZ shift; significantly disturbed global solar power
generation

The importance of an Earth-system analysis when examining the future site
locations of large-scale solar energy facilities.

Refs:
Lu et al. (2021). Impacts of large-scale Sahara solar farms on global climate and vegetation cover. Geophysical Research Letters, 48, e2020GL090789.

Lu & Smith (2021). Solar panels in Sahara could boost renewable energy but damage the global climate—here’s why. The Conversation. (popular science)
Long, Lu et al. Global solar power generation disturbed by large-scale Sahara photovoltaic solar farms. In Prep.



Backup slide



Background: climate and environmental impacts of solar farms

Based on on-site measurements and satellite remote sensing...

* Large solar power plants increase local temperatures (“solar heat island effect”)

* The installation of the photovoltaic (PV) powerplants significantly reduced the daily
mean surface temperature

e Solar photovoltaic panels significantly promote vegetation recovery by modifying the
soil surface microhabitats in an arid sandy ecosystem

* The negative effects of solar energy development on the desert scrub plant community

Barron-Gafford et al., 2016; Grodsky & Hernandez, 2020; Liu et al., 2019; Zhang & Xu, 2020, ...

(b)



“large-scale solar farms in the Sahara increase rain and vegetation”

C

30N

30S

Background: Hypothetical large-scale Sahara solar farms

Solar farm
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When solar farms are deployed:

surface albedol = local temperatureT = local precipT = vegetation coverl
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Background: Remote influences of the mid-Holocene Green Sahara

Arctic climate

Desert minus Green (JJA)

Desert minus Green (DJF)
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