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01. Introduction

• Displacement of conventional generation by

renewable ones

• Implications for the operation and control of power 

systems

• Renewable generation is volatile and difficult to

predict

Background and justification

(Kundur and Balu 1994)
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01. Introduction

Objectives

1. To define a mathematical model that represents the dynamics of a photovoltaic system.

2. To analyze the operational principles of traditional Maximum Power Point Tracking 
(MPPT) algorithms and identify more sophisticated control algorithms, in such a way
that the PV system can mantain active power reserves.

3. To propose new and more advanced PV system control techniques, so that they can 
contribute to specific objectives of power system operation and control.

4. To validate experimentally the proposed techniques via Hardware in-the-loop (HIL).
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02. Evaluation of conventional
photovoltaic MPPT algorithms
• More than 70 review papers between 2015 and 2020.

• No systematic methodology for developing, testing and compare MPPT algorithms.

o Different PV system configuration.

o Different types of simulation: switched vs state-space models.

o Different irradiance dynamic test procedures. 
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02. Evaluation of conventional
photovoltaic MPPT algorithms
o Different PV system configuration.

The PV array with just the DC-DC conversion stage is
enough to test the performance of the MPPT algorithm.

o Different types of simulation: switched vs state-space
models.

State-space modeling runs faster and has applicability to
any software.

o Different irradiance dynamic test procedures. 

The use of three dynamic tests provides deeper
performance analysis of the algorithms.
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State-Space Model of the PV system

02. Evaluation of conventional photovoltaic MPPT algorithms
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State-Space Model of the PV system

02. Evaluation of conventional photovoltaic MPPT algorithms

Discretize

Make explicit
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02. Evaluation of conventional photovoltaic MPPT algorithms

Results of the stepped dynamic simulation – Zones 1 and 2
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02. Evaluation of conventional photovoltaic
MPPT algorithms

Results of the EN50530 simulation
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02. Evaluation of conventional photovoltaic MPPT algorithms
Results of the Day-by-day simulation
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Motivation

03. Curtailed operation of photovoltaic systems

• PV production is decoupled from grid frequency.

• Solar resource is, to a certain extent, difficult to 

predict.

• In order to provide ancillary services, different

approaches have been proposed in the literature: 

using Battery Energy Storage Systems (BESS) or by

power curtailment methods.
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03. Curtailed operation of photovoltaic systems
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Non-linear Least Squares Curve Fitting

03. Curtailed operation of photovoltaic systems

Objective function
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03. Curtailed operation of photovoltaic systems
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Photovoltaic voltage control

03. Curtailed operation of 
photovoltaic systems
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Case Study #1

03. Curtailed operation of photovoltaic systems

• Constant irradiance and 

temperature.

• Operation side is shifted at t = 1 s 

and t = 1.6 s.

• The power reserves level is

maintained at 50%.
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Photovoltaic PRRC via power regulation

04. Photovoltaic Power Ramp-Rate Control

• PV voltage control introduces 

undesired power peaks.

• When irradiance suffers major

drops, the PV system cannot

follow the power reference. 

• PV power regulation is more 

suitable for PRRC strategies.
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PV system under study - System identification

04. Photovoltaic Power Ramp-Rate Control



14th Mediterranean Conference on Power Generation, Transmission Distribution and Energy Conversion, Athens, Greece, 3 - 6 November 2024

PV system under study - System identification

04. Photovoltaic Power Ramp-Rate Control

PV system under study - System controller
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04. Photovoltaic Power Ramp-Rate Control

Proposed photovoltaic PRRC

           

 
 
 
 
  
  
 

   
 

   
 

 

 

 

 

  

 
(Li, Wen, Chen et al. 2020)
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04. Photovoltaic Power Ramp-Rate Control

Proposed photovoltaic PRRC
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Proposed photovoltaic PRRC – Simulation results – Case Study 2
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Methodology

05. Photovoltaic systems in-the-loop

• It consists in a cyber-physical testbed for

co-simulation real time dedicated to

analyze PV systems.

• The cybernetic layer is formed by control 

and communication elements, and the

software used to control the physical layer. 

• The physical layer involves the hardware 

used in the testbed.
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Experimental validation of the proposed

photovoltaic PRRC via power regulation

05. Photovoltaic systems in-the-loop
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Thanks!
Do you have any questions?

info@transitproject.eu

https://transitproject.eu/

mailto:info@transitproject.eu
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