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Abstract- Modeling, measurement and control are the most 
important aspects, for making any renewable source to be in 
synchronism at the earliest with the utility grid during any load 
demand power change. This is to put minimum stress at the 
grid during load change as per the latest grid-code. Therefore, 
in this paper an efficient and rugged active power controller 
based on ANFIS has been implemented for improving the load 
tracking of grid connected static renewable source i.e. SOFC. 
Additionally, this controller is subjected to the constraint that 
the fuel utilization factor of the SOFC should stay within safe 
limits. The comparison of this proposed controller shows 
superior performance in contrast to conventional integral 
controller. The results have been verified in real time 
environment provided by OPAL-RT’s simulator through 
hardware-in-loop.  

Index Terms- ANFIS; grid synchronisation; HIL; load-tracking; 
OPAL-RT; real-time; SIL; SOFC; 

I. INTRODUCTION 

With growing industrialization, form of power generation 
has changed from the past few decades [1]. Earlier the 
common forms were heat, nuclear or thermal and now the 
trend has shifted towards cleaner forms of energies like solar, 
wind, chemical, hydro, etc. These newer forms of power 
generation are renewable, non-polluting and efficient with 
abundant availability [2], [3]. Among these forms of 
energies, renewable chemical energy has recently gained 
popularity, for instance solid oxide fuel cell (SOFC) which 
converts chemical to electrical energy [4]–[6]. This power 
source alone is not sustainable until connected to the AC 
utility grid. But, this grid connected source which is static, 
slow and DC power generator creates serious problems like 
synchronization and poor load power sharing with grid 
during any load demand power change in contrast to 
conventional grid connected AC generator [7]. The 
researcher in [8] has attempted to synchronize DC source 
using inverter with its associated control circuitry and phase 
locked loop (PLL), but still there is a scope for further 
improvement. In [9] and [10] researchers have tried to 
investigate the load tracking with conventional controllers 
like PI and optimal PI. Other approaches like fuzzy and 
adaptive fuzzy logic based controllers in [11], [12] 
respectively have also been used to fast the load tracking 
under rugged conditions, still these controllers are quite 
slow. One of the most popular and adaptive controller is 
ANFIS (adaptive neural fuzzy inference system) which has 
self learning ability with unified rules [13]–[16]. It is 
efficient and has been applied in number of applications of 
power system [17]–[19].    

While tracking the load demand power change, fuel cell 
follows inverter or visa-versa at a slower pace because 
inverter is a fast acting device and operates within fractions 
of seconds. On the other hand, SOFC is a slow acting device 
and takes few seconds to reach the steady state. This creates 
a lag between active power demand and supply [20], [21]. 
Another important aspect is that if more power is fetched 
from SOFC to cover-up this demand and supply lag then, 
there is a possibility that SOFC’s life is greatly affected. 
Since the net loss in the system is generally kept minimal in 
order to improve the load tracking capability, but especially 
in case of SOFC the load tracking is a critical factor because 
the power generation depend on its chemical reaction that 
takes time to occur to generate requisite amount of power. 
Thus apart from reduction in overall losses in the power 
circuit of the system, it is important to fasten the rate at 
which the fuel is utilized, known as process of fuel 
utilization in the system in order to reduce the time taken by 
SOFC in response to any change in active power demand 
[22], [23]. This is maintained by keeping the utilization 
factor within limits i.e. 0.7 to 0.9 in order to ensure the safe 
operation of grid connected SOFC system while improving 
the load tracking capability [24].  

With the above mentioned issues, the need for adoption 
of an advanced controller to address the problem of gap 
between power demand and supply in a grid connected 
SOFC system while maintaining the grid synchronization 
and life of SOFC is necessitated. In [25] effort has been 
made to fill this gap for a stand-alone SOFC system using a 
fuzzy predictive control approach. However, the validation is 
completed using simulation study under certain constraints 
but still it lacks in providing the robust design of a controller 
to be directly implanted on an actual system. Since real time 
implementation is the need of modernization because the 
controllers designed with real time conditions are easily 
implemented onto the actual power system [26], [27]. Thus, 
many real time simulators like OPAL-RT, RTDS, dSPACE 
etc are available that provide features for the analysis of the 
power system in real time [28]–[31]. Among these OPAL-
RT’s ARTEMIS-SSN real time simulator has been utilised in 
this research work as it provides a plateform through a 
software, real time laborartory (RT-LAB) where the test 
system model is prepared. This simulator provides two ways 
for model execution in real time, (1) software-in-loop (SIL) 
and (2) hardware-in-loop (HIL). In SIL the model is prepared 
and executed for safety and then finally implemented in HIL. 
In this way, the validation of the work as per real conditions 
is done in a secure manner. It also ensures the robust and 
accurate solutions of the work within prescribed time frame 
[32], [33].  
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