A coupled WRF-PV model to investigate the local thermal environmental impacts of widespread
photovoltaic plants deployment
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Photovoltaic (PV) plants are a suitable, clean and abundantly available
alternative power production source increasingly adopted by different countries to
mitigate climate change effects. Besides the prospects of agrophotovoltaics and PV
siting, the possible effects of such widespread PV installations on the local thermal
environment, energy saving and land ecology changes over time is an emerging
observation in related studies[1,2]. In attempts to quantify these changes, regional
climate modelling has been carried out with the weather research and forecasting
(WRF) model using simple radiative fluxes or rooftop PV parameterizations within
the urban canopy energy balance models[3,4].

However, little is still known of their exact impact or extent. In this study, we
present a PV model coupling to Noah with multi-parameterization (Noah-MP) land
surface model[S] of the WRF to conduct an extensive fine-resolution investigation
of the influences of PV plants on parameters such as wind profile, temperature etc.
The study strongly suggests that this WRF-based model would help to advance the
current knowledge in this field and provide robust answers to the existing question
of PV contributions to the local climate.

Here, the Noah-MP land surface model of the WRF is parameterized such that there
is a PV fraction and a bare (non-PV) land fraction. As shown in Figure 1-2, the
longwave, sensible heat, latent heat and ground heat fluxes were calculated for the
bare and PV land fractions separately while the Shortwave were calculated over the
entire grid.

Figure 1: Schematic diagram for “semitile” subgrid scheme for the Longwave
(LW), sensible heat (H), latent heat (LE) and Ground heat (G) fluxes for the
bare soil and PV ground respectively. f;,y is PV fraction.
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Figure 2: Schematic diagram for computation of shortwave radiation fluxes
over the bare land (S,g) and PV land (S,py) entire grid

So that the surface energy balance equation over a grid cell is: Sgpy + Sgg =
LW+ LE+H+G

Lw = (1 - fpv)Lag.b + fpv(Lapv + Lag,pv)
LE = (1 — fpp)LEgp + for(LEyy + LEg )
H= (1 - fpﬂ)Hy.b + fov(Hpy + Hg )

G =1 fp)Gp + frvGpo

Table 1 below shows Shows the modification of the Noah-MP LSM Energy flux
formation for PV land

Table 1 — Formulation of Energy fluxes over PV land surface in Noah MP
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Tah,g 1S aerodynamic resistance below the canopy for water vapor see Niu and Yang
[6]. Ly | is down welling longwave radiation from the sky (Wm™2), Ty, is air
temperature (K) at reference height. eg;, is water vapor pressure (pa) at reference
height. egpyc is water vapor pressure of the canopy air. esat(T p,,) esat(Tg b) are
saturated water vapor pressure at temperature Ty, and T, respectively. L, Sky
portion of the longwave from the sky received by the PV panel derived by the PV
sky view factor[7]. Longwave radiation from adjacent PV panels (L_)pv), Upward
longwave radiation from PV (L},,,), Downward radiation from the PV bottom
Surface(L%,,,).y is psychrometric constant. PV temperature values at time (¢t + 1),
dTpy

at
h¥P, kP are turbulent convection coefficient of the upper and bottom PV parts
respectively obtained from the EnergyPlus model[4,9];

Tpy(t + 1) = Tpy(t) + step -

Tpycrmp temperature of the canopy air is derived from
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Tpvermp =
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However, in this work, since we assumed the absence of vegetation within the
canopy, 7,y is aerodynamic resistance for heat is used instead.

The present work is focused mainly on the presence of PV panels on the bare land.
Inclusion of vegetation growth under the PV panel is considered in the next version.
With this model, we are certain that we could provide a new study field for the
study of PV canopy effects as shown in figure 3 below
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Figure 3: Schematic diagram for proposed PV canopy.
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