
PV power generation and cloud cover 
A summer internship project 

Background


Photovoltaic (PV) power production is obviously dependent on sun radiation. In this project we will 
look at the stochastics of the production as a function of cloud cover. Clouds influences the solar 
irradiance, and hence has an impact on how much power is generated at sun-hours. In PV-
systems this is crucial information for production planning and management. Moreover, the PV-
power producers may combine such information with their short-term hedging activities in power 
markets to offset risk.


There are precise mathematical equations for the sun rise and set at given locations, and 
moreover, the solar irradiance. There are also rather precise laws of the power generated from a 
PV-panel, depending on the technology. Meteorological models for clouds are also studied, but 
the local variability may be very difficult to explain in a predictable way. Hence, stochastic models 
are called for explaining the variability in the atmospheric conditions absorbing or scattering solar 
irradiance. 


Clouds have many different shapes and properties (see the monograph by Lohmann et al [L]), but 
in this summer internship we shall take a simplistic view tailor-made for the application we have in 
mind. We propose a model of the absorption ratio at geographical locations, dynamic over time. A 
random field model will be applied for the purpose, which will be combined with the sun-hours for 
the location and the power generation technology of the solar panel. Simulation studies will be 
performed to assess the random production from a PV-power plant. 


Mathematical model


We propose the following model for atmospheric absorption of the solar irradiance: for the 
location x, at time t, we let X(t,x) be the absorption from the cloud cover. We assume X(t,x) to be a 
number between 0 and 1, where 0 means no-absorption (clear blue sky) and 1 means complete 
absorption (clouds not letting any solar irradiance through, which is an idealised upper llimit). 
Mathematically, we assume





where Y(t,x) is assumed to be a non-negative ambit field, that is,





For a non-negative spatial-temporal covariance function and L(ds,dy) a so-called Levy basis 
which is assumed to be positive. Overall, Y(t,x) will be nn-negative, and hence by the exponential 
transform we have that X(t,x) becomes positive but less than 1.  Ambit fields have been applied 
and analysed as stationary models for wind fields, energy prices and turbulence, see the 
monograph [BNBV]. The application to cloud cover and PV is new.


X(t, x) = exp(−Y(t, x))

Y(t, x) = ∫ g(t, s, x, y)L(ds, dy)



Research project

The goal of the project is to simulate the probability distribution of power generation from a PV 
installation, given sun hours, technological properties and the cloud absorption (or shadowing). 
This requires a simulation of the random field Y(t,x) in time and space, combined with the power 
generation function and sun hour physics for a given location. As we have a spatial model, we aim 
for a system of PV-plants scattered over a bigger geographical area (like a country, say). 


The simulation of an ambit field Y(t,x) can be performed using Fourier or convolution techniques 
together with Monte Carlo simulation. These approaches are described in [BNBV]. The covariance 
function g must be carefully selected honouring meteorological properties as well as stationarity 
of the field Y(t,x). Further, the Levy basis L is defined to give certain distributional properties of the 
resulting X(t,x), the absorption field, as well as being limited to be non-negative. We remark in 
passing that to estimate this model to data is of course desirable, but this is a challenging 
problem which is beyond the scope of this internship. 


Given our stochastic simulation for absorption (or cloud shadow), we combine this sun hours and 
power generation functions for PV plants. Models for these can be found in the lecture notes 
monograph by Jaeger et al. [J]. The output will be production of power over time from a PV-plant. 
If we consider many plants scattered over a geographical area, we will get the total output. A 
discussion and analysis of the stochasticity of the temporal production is called for. For example, 
how is the temporal production over a year, say, depending on the geography and number of 
plants (with a fixed total capacity)? Do we see a smoothing effect by spreading the plants 
geographically? Is the overall production more intermittent by collecting the PV capacity in one 
location?  We aim for an understanding on how randomness in clouds transfer into production 
uncertainty. 


Results of the analysis will be further integrated into on-going research on cloud modelling and 
PV-generation at the department of Mathematics, in collaboration with department of Technology 
Systems. The internship can be extended into a master thesis work.


Coordinates

This project is for one student at master level, with a strong background in mathematics, 
probability theory and computational science. It is desirable that the project is executed over 6 
weeks in the period June-September 2020. The supervisor is professor Fred Espen Benth, 
Department of Mathematics, University of Oslo. 


Deliverables from the project is a written report describing the model, methodology and results. 
Developed software must be made accessible for future use in related projects and described 
accordingly. A suitable software package/language like R, Matlab, Python, Julia etc can be used. 
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