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Abstract.  Due to the presence of algebraic constraints 
as well as existing of different modes of operation, a 
standalone solar power system consisting of photovolta-
ic arrays, battery bank, electrical load, and a converter is 
becoming a complex system that can no longer be mod-
eled using the conventional block diagram approach. 
While the block diagram approach is based on causal 
interactions between a chain of the ordinary differential 
equations (ODE), a more appropriate acausal approach 
solves a flat model of the system consisting of hybrid 
differential algebraic equations (HDAE). In effect, this 
paper proposes a nonlinear HDAE-based model of a 
standalone solar power system. The proposed model is 
presented using the Modelica language that allows ob-
ject-oriented and acausal modeling of the multi-mode 
systems. Next, a general purpose solver is employed to 
simulate the system. The results of the simulation shows 
proper match with the information available in the com-
ponents datasheet. It is shown that the simulation pro-
vides a sufficiently accurate prediction of all the system 
behaviors, which is vital for any model-based controller, 
including mode transitions. 

Introduction

Figure 1: HRES topology in this study. 
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1 Solar Power System 
Mathematical Model 

1.1 PV Module and PV Array 
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Figure 2: The single-diode equivalent electrical circuit of a  
PV module. 
 

Figure 3: The  curve of the PV module for the STC. 

1.2 Boost-type DC-DC converter 
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1.3 Lead-acid battery  

Figure 5: The electrical circuit of the boost-type DC-DC 
converter with an ideal switch.  

 

Figure 6: Different working zones of the lead-acid  
batteries. 

2 Simulation 
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Figure 8: A summary of the lead-acid battery Modelica 
class. 

 

Figure 7: The first Plane of the Modelica Codes Modelling 
 the Solar Power System. 



 A Dizqah  et al.       Acausal Modeling and Simulation of a Solar Power Systems  

 176 SNE 23(3-4) – 12/2013 

TN

3 Results, Validation and 
Discussion 

Figure 9: The simulated current-voltage curve of the 
KC200GT PV module at the STC. 

 

Figure 10: The simulated (a) battery voltage, (b) battery 
current, and (c) the SOC of the battery. 
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Figure 11: The simulated battery, load, and PV powers. 

Figure 12: The simulated SOC and the voltage of battery 
bank. 

Figure 13:  

4 Conclusion 
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