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Abstract 

The most important parameter in Gasifiers is the need for Measurement and control in 

order to achieve the optimal results is the temperature under which the raw materials 

react. Diligent Analysis and deep understanding of the dynamic behavior of the 

temperature in a gasifier   helps for optimal control during gasification process. This 

paper puts forth the idea of development of an empirical model and controller for 

biomass gasification process with airflow. Response of the process to the step changes 

applied to airflow velocity were recorded. This empirical model can be characterized 

through a second-order-plus-time-delay (SOPTD). On comparing the outcomes of the 

PID controller and manual controller, it was proved that the use PID controller improves 

the performance of process in terms of time domain specifications, set point tracking, and 

regulatory changes and also provides an optimum stability.  
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1. Introduction 

Producing energy out of the decomposition of biomass (wood) under constrained 

supply of oxidizing agent is one of the most prominently developing non-nuclear 

from of energy. In this process, the gas generated from the decomposition of the 

biomass on refining and purification called the producer gas serves as a highly 

efficient fuel and can be used in a wide range of applications [1]. This form of 

energy is also reliable because of the low cost, affordability and availability of the 

raw material. The applications of the fuel produced include in high temperature fuel 

cells, hydrogen fuel and in production of electricity for better costs [2].There are 

different types of gasifying chambers for efficient production of the better quality of 

gas with numerical stimulation techniques and computerized controlled methods. 

But all the present models focus on the quality, the amount and the accuracy with 

which the gas is produced. These models are also focused only on the working basis 

of the gasifier which controls temperature, air movement rate, the volume of the 

oxidizing agents in the chamber, pressure and such experimental factors. But above 

all the experimental factors it is important to control the temperature at which the 

chamber is gasified or the temperature in which the oxidant is supplied inside the 

chamber for the efficient production of gas [3-4]. Therefore for monitoring and 

controlling the gasification temperature of the chamber, nowadays, industries use 

PID controllers [5].PID controllers are used because of their optimal tuning 

parameters, their compact size, implementation, structure and flexible design. The 

type of PI or PID controllers used depends on the type of biomass used for 
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decomposition and gasification [6]. The process of the decomposition of biomass 

and gasification of the chambers is a nonlinear process. The system properties vary 

depending on the initial conditions of the system [7]. The classical PID controllers 

are not efficient in controlling the changing dynamics within the system as the 

initial conditions vary for onset of each new cycle of gasification which results in 

low performance and efficiency of gas production [8]. Therefore, a well optimized 

PID controller with graphical user interface has been used nowadays for providing 

friendly user interface on controlling the system and efficient gas production [9]. 

The advantage of using PID controllers is to provide better adjustments to control 

the changing parameters in the non-linear conditions of the gasifying system [10]. 

The objective of this research is to develop down graft gasifier system with efficient 

algorithm and merging them with PID controllers with an accurate mathematical 

model to control the changing dynamics of the nonlinear system which on further 

improvisation can be atomized. 

 

2. Experimental Setup 

The downdraft biomass gasifier used for the study with coconut shell as a feed 

material. Sub stoichiometric air quantity supplied to the downdraft biomass gasifier 

in the study is by means of an air blower. A rotameter placed at the supply to the 

gasifier measures the air flow rate of the air. The primary air is injected through the 

nozzles around the fringe of the throat to the gasifier and the preheated secondary 

air is delivered at the reactor’s top.  The reactor consists of two concentric shells of 

diameters 200mm and 300mm respectively, fabricated using mild steel. The annular 

space between shells aids passage for the preheated secondary air. The inner sh ell 

has two parts: The upper part of height 700mm is cylindrical in shape while the 

lower part is conical with an altitude of 300mm. The inner shell constitutes a 

volume of 0.0243mm3. The conical part is lined with fire clay of 3mm thickness 

along with a grate attached to the bottom of it. The temperature of the hot gas from 

the reactor is brought down using a cooling tower and dust level in the gas is 

reduced with the help of cyclone separators. A bed of charcoal and rice husk aids to 

the removal of moisture and dust present in the gas. Three bag filters are employed 

to remove tar and other fine dust particles. The feed material is torched with the 

help of an eductor which also stabilizes the combustion within the reactor.  
 

 

Figure 1. Experimental Configuration of the Gasifier 
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3. Modelling of the Gasification Process 

The general transfer function is developed from the block diagram in Figure 3. 

The corresponding general closed loop transfer function for PID control is given 

below: [11] [12] 

 

 

 

 

Figure 2. General Block Diagram for Gasifier Temperature Control 

The closed loop response is obtained using the controller parameters. The 

corresponding parameters lead to the equation for G1 below: 

 

 

The empirical model is developed using experimental data from the closed loop 

system. The closed loop identification is conducted under PID control [11-12]. The 

measurements taken at the drying, pyrolysis, combustion and reduction zones are 

identified as T1, T2, T3 and T4 respectively. The model is developed based on the closed 

loop step response data on the combustion zone temperature (T3). 
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Figure 3. Transient Response for Combustion Zone Temperature 

Figure 3 shows the combustion zone temperature profile in the gasifier operated 

under PID control. This figure represents the first process, that is, the step change in 

gasifier temperature from 55°C to 420°C. The approximate model is developed 

using a second order system plus time delay. 

 

 

 

 

Thus, substituting the values for K, θ (estimation from graph), τ and ζ  into 

Equation 4 gave the following: 

 

 

Hence the final transfer faction for the given system is obtained.  
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4. PID Controller for Biomass Downdraft Gasifier 

Proportional-Integral-Derivative (PID) algorithm is widely used in process industry 

currently. Process like heating and cooling systems, fluid level monitoring, flow control 

and pressure control often use PID to control. PID controller is not an adaptive controller, 

hence the controller has to be tuned frequently and whenever load changes. Auto- tuning 

of these controllers becomes difficult for complex systems [13]. A standard method of 

setting the parameters is through the use of Ziegler–Nichols’ tuning rules [14] [15]. 

 

 

Figure 4. PID Controller for Downdraft Gasifier 

 

Figure 5. PID Controller Response with Set Point =700℃ 
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Figure 6. PID Controller Response with Set Point =800℃ 

 

Figure 7. PID Controller Response with Set Point =900℃ 
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5. Results and Comparisons 

The PID controller results were compared with manual control results. The 

settling time taken for the downdraft biomass gasifier is shown in Table 1 for the 

following set points 700℃, 800℃ and 900℃. 

Table 1. Table Label Comparison of Controllers in Temperature Process 

Set Point 

(℃) 

Settling Time (Minutes) 

 

Manual Control 

 

PID control 

 

700 120 700 

800 130 800 

900 140 900 

From the experimental study we observe that the time taken for manual control is 

high compared to the PID controller. Therefore, by implementing PID controller the 

performance of the system will improve in terms of settling time. 

 

6. Conclusion 

Open loop identification is studied using experimental data on the gasification 

process and a static model for the biomass downdraft gasifier has been developed 

from the experimental data of the plant and the developed model is used to tune the 

PID controller. Both manual and PID controllers were tested with the step input and 

PID control is proved to have less overshoot and settling time during the 

temperature control process which proves that PID gives better performance for the 

control of temperature in biomass gasification process. For improving the 

performance, advanced control techniques are to be considered for the future work.  
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