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Abstract 

This paper presents an analysis concerning to the slow and 

fast dynamics for DC/DC Boost converters in photovoltaic 

applications. Two converters with classical Proportional 

Integrative (PI) control and Maximum Power Point Tracker 

(MPPT) with the same parameters and operation conditions 

are implemented by means of simulation. Simulations were 

done in OpenModelica using specialized libraries with solar 

modules, power electronics components and controls blocks. 

Results show that simulations with irradiance data and MPPT 

considering fast dynamics are only viable for short time 

periods due to it is necessary high computer resources. In 

contrast, results taking into account slow dynamics allow 

more large simulations with minor computational cost due to 

there are only considered average values of fast dynamics. 

Therefore, slow dynamics could be considered to simulate 

systems as micro-grids in OpenModelica. 

Keywords: Renewable energy, solar panel, Boost converter, 

MPPT, fast and slow dynamics, power electronics. 

 

I. INTRODUCTION  

Renewable sources constitute an appealing alternative for 

generating clean electrical energy with low emissions. 

Nevertheless, the fluctuating nature of renewable sources 

brings along challenges concerning stability, protection and 

connection issues with the electrical grid. Therefore, electrical 

energy generation with renewable sources needs a 

management system for ensuring optimal behavior, security 

and coordination of all energy sources including main grid. 

These systems can be configured into micro-grids which main 

objective is to provide electricity and integrate wind and solar 

energy [1]–[3].  

Solar energy has grown 12% in 2019 according to data of 

REN21, representing a 2.8% of world electricity generation 

[4]. This generation source provides electrical energy without 

polluting emissions, low maintenance requirements and its 

installation can be done close to load. Photovoltaic systems 

are composed of solar panels and need power electronics 

devices such as DC/DC converters for regulating panel 

voltage. There are several DC/DC converter topologies for 

regulating DC voltage, some of them are boost, cuk and sepic 

converters that allow controlling the energy taken from the 

solar panel [5]. The most common topology in photovoltaic 

applications is boost converter due to its low control 

requirements and low power losses [6]. 

The main function of a DC/DC converter in a photovoltaic 

system is the Maximum Point Power Tracker (MPPT). The 

solar panel actuates as a current source while its control 

scheme based on MPPT modifies the panel voltage. Control 

with MPPT is important since the irradiance is variable and it 

depends on weather, time of day, as well as elements that can 

cause shadows; these situations require control actions to set 

the solar panel at its maximum power point. The most 

common MPPT algorithm is Perturbation and Observation 

(P&O) that continuously modifies the voltage panel in order 

to obtain maximum power in an operation point [7]–[9]. 

A photovoltaic system can be analyzed by means of 

simulation in OpenModelica (OM). OM is an open source 

simulation program with specialized libraries (PVSystems, 

PhotoVoltaics and Photovoltaics_TGM) that focus on solar 

generation modeling. These libraries contain solar cells and 

modules, power electronics devices, control blocks, and 

MPPT algorithms. Additionally, every model allows 

modifying its source code. For these reasons, this paper 

presents an analysis of fast and slow dynamics of DC/DC 

converters focus on solar energy. A classical PI control with 

MPPT is implemented showing the dynamical behavior for 

both cases [10]. 

This paper is organized as follows: Section 1 presents a brief 

introduction regarding the importance of solar energy in 

micro-grids as well as the need of a control scheme with 

DC/DC converters and MPPT for ensuring a correct behavior 

of the solar panel. Section 2 presents the mathematical 

modeling of the boost converter in photovoltaic applications. 

In Section 3, simulations in OpenModelica are presented and 

analyzed. The main results are discussed in Section 4. Finally, 

the most relevant conclusions are presented in Section 5.  
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Fig. 1. Boost converter topology for photovoltaic applications. 

 

II. MATHEMATICAL MODELING OF THE BOOST 

CONVERTER 

Photovoltaic modules present low voltage levels, therefore, 

they require DC/DC converters to increase their output 

voltage. The most common topology is the boost converter, 

which is illustrated in Fig. 1 where the feeding source is a 

photovoltaic panel. The panel model has a current source (𝑖) a 

diode (𝐷) and two resistances (𝑅𝑠, 𝑅𝑠ℎ). Capacitor 𝐶1 actuates 

as filter between the solar panel and the boost converter. The 

boost converter has an inductor (𝐿), a diode (𝐷), a capacitor 

(𝐶2), a load (𝑅) and a switch (𝑄) for performing control 

actions [11]. 

The differential equations that describe the dynamical 

behavior of input current 𝑖𝐿, solar panel voltage 𝑣𝑝ℎ and 

output voltage 𝑣𝑜 are presented in Equations (1), (2) and (3) 

respectively. Variable 𝑢 corresponds to control action of 𝑄, 

𝑢 = 0 when 𝑄 is open and 𝑢 = 1 when 𝑄 is closed [12]. 

 

𝐶
𝑑𝑖𝐿

𝑑𝑡
= 𝑣𝑝ℎ − (1 − 𝑢)𝑣0 (1) 

𝐶1

𝑑𝑣𝑝ℎ

𝑑𝑡
= 𝑖𝑝ℎ − 𝑖𝐿 (2) 

𝐶2

𝑑𝑣0

𝑑𝑡
= (1 − 𝑢)𝑖𝐿 −

𝑣0

𝑅
 (3) 

 

III. SIMULATIONS IN OPENMODELICA 

This section presents the simulations results in OpenModelica 

using the specialized library PVsystems that provides 

elements as solar modules, electrical elements and control 

blocks including MPPT based on P&O algorithm.  

 

III.I SIMULATIONS IN OPEN LOOP  

Two boost converters with the same elements were evaluated 

considering the same simulation conditions (see Fig 2); the 

boost converter elements are 𝐶1 = 𝐶𝑖𝑛_1 = 𝐶𝑖𝑛_2 = 3.3 µ𝐹, 

𝐶2 = 𝐶𝑜𝑢𝑡_1 = 𝐶𝑜𝑢𝑡_2 = 3.3 µ𝐹, 𝐿 = 𝐿1 = 𝐿2 = 6 𝑚𝐻 and 

𝑅 = 𝐿𝑜𝑎𝑑1 = 𝐿𝑜𝑎𝑑2 = 330 Ω. The first converter has a 

switch for fast dynamics (𝑠𝑤) (Fig 2a), and the second one 

(Fig 2b) uses a switch for slow dynamics (𝑐𝑐𝑚_𝑑𝑐𝑚1). The 

solar panel was feed with constant irradiance and temperature  

a)

b)

Fig. 2. Boost converter schematic: a) fast dynamics and b) 

slow dynamics. 

Fig 3 shows the output voltage response for both converters. 

The first converter (red curve) corresponds to the fast dynamic 

which presents a ripple typical of DC/DC converters due to 

commutation; the fast dynamic allows seeing the detail of the 

output voltage curve (in this case) produced by the Pulse 

Width Modulation (PWM). On the other hand, the blue curve 

corresponds to the second converter of slow dynamics. This 

converter presents a continuous curve without ripple only 

showing the average value. 
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a) b)  

Fig 3. Output voltage response: a) from start-up up to steady state and b) zoom in steady state. 

 

III.II SIMULATIONS WITH MPPT  

The MPPT block algorithm is presented in Fig 4, where Fig 

4a shows the code provided by OpenModelica and Fig 4b 

presents a flowchart to summarize the algorithm used to 

remain the panel power (𝑝𝑝ℎ = 𝑣𝑝ℎ𝑖𝑝ℎ) in its maximum 

value. This code corresponds to the P&O algorithm that 

increases or decreases voltage (±∆𝑣𝑝ℎ) from solar panel for a 

next state if the power relation [𝑝𝑝ℎ(𝑡) − 𝑝𝑝ℎ(𝑡 − 1)] is 

greater or less than zero [13]. 

 

𝑣𝑝ℎ_𝑟𝑒𝑓 = 𝑣(𝑡) 

𝑝𝑝ℎ (𝑡) = 𝑣𝑝ℎ (𝑡) ∙ 𝑖𝑝ℎ (𝑡) 

 

𝑝𝑝ℎ (𝑡) − 𝑝𝑝ℎ (𝑡 − 1) = 0 
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b)a)
 

Fig. 4. MPPT from OpenModelica: a) source code and b) flowchart. 
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a) b)
 

 
Fig. 5. Solar panel configuration: a) panel data and b) irradiance curve. 

 

Fig 5a presents solar panel data corresponding to a 

commercial panel with rated power 𝑝𝑝ℎ = 400𝑤 and Fig 5b 

shows the irradiance curve for the tests [14], [15]. 

Fig 6 presents the schematics to simulate with MPPT in close 

loop; Fig 6a shows the boost converter used for fast dynamics, 

Fig 6b shows the converter with switch for slow dynamics. 

The control parameters 𝑃 = 2.5 and 𝐼 = 0.9 were tuned with 

Laplace root locus procedure using equations (1), (2) and (3). 

 

 

a)

b)
 

Fig. 6. Boost converter with control and MPPT: a) fast dynamics and b) slow dynamics. 
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Figs 7, 8 and 9 present the simulation results for output power, 

solar panel voltage and converter output voltage for both 

converters, respectively. The first converter presents the fast 

dynamics (Figs 7a, 8a and 9a) where it can be noted the ripple 

caused by MPPT block in order to find maximum power from 

panel according to the irradiance curve. The second converter 

presents the slow dynamic (Figs 7b, 8b and 9b) showing the 

average value for each variable; so, such a variation caused by 

control and MPPT only has relevance during the transitory 

due to the start-up. 

 

a) b)  
Fig. 7. Output power: a) fast dynamics and b) slow dynamics. 

 

a) b)  
Fig. 8. Solar panel voltage: a) fast dynamics and b) slow dynamics. 

 

a) b)  
Fig. 9. Boost converter output voltage: a) fast dynamics and b) slow dynamics. 
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a) b)
 

Fig. 10. Total time simulation vs CPU time processing: a) open loop and b) MPPT control. 

 

IV. DISCUSSION OF RESULTS 

The results show that the slow dynamics can be used to 

simulate the behavior and obtain the average value of the fast 

dynamics. Also, the simulation with slow dynamics requires 

low points to compute in comparison with fast dynamics. Fig 

10 depicts the computing time for the two simulations 

performed in this paper. Fig 10a presents the simulation time 

in open loop (Figs 2 and 3) that compares the total simulation 

time of both converters versus CPU time processing; this 

result shows that the simulation considering the slow 

dynamics only needs approximately a 6% of CPU time 

compared to the time used in the fast dynamic simulation. Fig 

10b presents time simulations for converter with control and 

MPPT. In this case, CPU time for slow dynamic is 

approximately 60% of the time corresponding to fast dynamic. 

 

V. CONCLUSIONS 

In this paper, a comparison of fast and slow dynamics of 

DC/DC converters with applications in photovoltaic energy 

was presented. A boost converter topology was used due to its 

common implementation in solar systems. Two tests were 

performed with the converters in open loop and converters 

with control and MPPT. The implementation was done in 

OpenModelica simulation program in order to compare the 

behavior of both dynamics. Simulation results in open loop 

and with control considering only slow dynamics presented a 

better behavior (lower CPU time processing) than the 

simulation considering fast dynamics; the simulation only 

computes the average value of results when simulating the 

slow dynamic. Large systems such as micro-grids require high 

computational resources and do not need a detail simulation of 

each component. Therefore, modeling and simulation with 

slow dynamics is a better option for optimizing computational 

resources. 
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