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Abstract

Renewable energy is defined as energy that is collected from resources which are naturally replenished on a human timescale, such
as sunlight, wind, rain, tides, waves, and geothermal heat. one of the most important renewable energy resources is biomass which
is directly or indirectly derived from sunlight and waste of human being. It is derived from by-product of household waste,
agricultural waste and wood. Biofuels are produced from these by-products directly or indirectly by different methods. Biomass
energy production also helpful to reduce greenhouse effect. Therefore, much important is to improve the quality of gas produced
by biomass for engines. To improve this, a fuzzy controller is used for gas production and wood is used as input for downdraft
biomass gasifier. A fuzzy controller is static non-linear mapping between inputs and outputs by providing a formal methodology
for representing and implementing a human heuristic knowledge of controlling a system. Here, a fuzzy system is modelled with
three inputs and two output based on the experimental data. The three input variables are moisture content, air flow and grate and
the output variables are CO/CO2 ratio and temperature. Inputs are given to the fuzzy model in the operating region of the gasifier,
it gives the corresponding outputs, based on the membership functions and the rules written [5]. Finally, a better controlling action
takes place by fuzzy controller than a conventional controller.
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I. INTRODUCTION

Depleting coal, oil and gas reserves, combined with growing concerns of atmospheric pollution, have made search for energy from

renewable sources necessary. This problem can be solved using renewable sources of energy. The farm houses for cow and buffalos

can be found widely in India. These animal waste can cause methane production, during rainy days it pollute the local water

resources like river, ponds etc. This waste will emit greenhouse gases into atmosphere if untreated [8, 9]. Another waste material

used in biogas plant is agriculture waste like rice husk, cotton stalks, straw, and paddy waste. These wastes emit trace gases like

carbon dioxide (COy), methane (CH,), carbon monoxide (CO), nitrogen oxide (N20), sulphur oxide and particulate which affect

human health as well as environment which results decreasing soil fertility. Due to agricultural country, India has better option of

biogas for rural electrification [11]. Generated power may be distributed through grid or synchronized with state electricity board

at tail end to meet the local demands. The biomass gasification is incomplete combustion of biomass results production of CHa,

CO, H; called producer gas [2]. This gas can be directly used as engine fuel or used as burning fuel for heating purpose. This

gasification process consists of following process:

1) Drying: Normally, moisture content of biomass ranges from 5% to 35%. By this, moisture content is reduced up to 5% with
drying temperature 100°C to 200°C.

2) Pyrolysis: - It is a process in which heat is applied to biomass feedstock in presences of catalyst to convert it into biofuel
which is generally in nature.

3) Combustion: - In this, various burner/boiler technologies are used to direct burn the feedstock like coal & natural gas &
convert it into energy.

4) Gasification: - In this, biomass feedstock is partially oxidised & then decomposing in a reactor vessel to produce producer
gas.

This process is an efficient way of converting biomass waste i.e. lower value product into gas i.e. higher value product. This

mixture of gases is known as Producer gas [8]. This gas can be used:

— To run internal combustion.

— As substitute for furnace oil in direct heat application.

— To produce methane which is used as fuel for heat engines and as chemical for industries?

A. Designes of Gasifier:

Various reactor designs are available for small and large scale gasifier. It can be classifier by different ways:
1) According to reactor designs: fixed bed, fluidized bed.
2) According to heat gasification: auto thermal and allothermal gasifier.
3) According to gasification agent: air blow and steam gasifier.
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4) According to pressure gasifier: atmospheric pressurized gasifier.

But the gasifier which exists in industries are:

1) Downdraft and updraft gasifiers which are having fixed bed.

2) Fluidized bed gasifiers consist of bubbling fluidized bed biomass gasifiers(BFB).
3) Circulating fluidized biomass bed gasifiers(CFB).

&, Static Model of Gasifier:

Gasification process in biomass gasifier is highly non-linear and very slow process therefore development of precise model of
biomass gasifier is very difficult. A gasifier model must represent its non-linear dynamic characteristics. Based on availability of
data of biomass gasifier process, a steady state model is proposed. Four sub-systems are developed in MATLAB simulation
software. Plant data is shown in table 1. Controller tuning is one of the objectives of control system [5,9].

1) Biomass consumption (Fhb)

Total amount of biomass for gasification is considered for monitoring purpose in biomass gasification process. This depends upon
air flow (Fa), frequency of rotation of grate (Fg) and moisture content (Hp). For biomass consumption, a mathematical expression
is given as:

Fhb = [0.077Fa/Hp™1/3] + 1.5 + Fg;
SUBSYSTEM OF BIOMASS CONSUMPTION
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Fig. 1: Subsystem of Biomass consumption Fig. 1.a: Sub-subsystem of biomass consumption

1) Equivalence Ratio (ER)
It depends upon Fhb, Fa, Hp and mb (material factor) which represents the air amount for combustion of 1kg dry biomass. The
mathematical expression is given as:

ER = [Fa/254.7Fhb (Hp-1) mb]100;
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Fig. 2: Subsystem of Equivalence ratio Fig. 2: a: Sub-subsystem of equivalence ratio

. CO/CO: Ratio:

This depends upon equivalence ratio and moisture content. Whenever Hp is low, the ratio is increases with ER to reach maximum.

The expression is given as:
CO/CO; ratio = (0.3Hp + 0.5) ER — 0.2761;
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. Temperature (T):

The quality of produced gas is very closely related with temperature. It depends upon Hp, ER and Fg. Value of T first increases
with ER, then increases and finally, again decreases and expression is given as:
T=mcER+33/Hp+ma+220+100ER+100Fg;

SUBSYSTEM OF TEMPERATURE
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Fig. 4.a: Sub-subsystem of TEMPERATURE

In these equations, some values are used as constant to fit with experimental data like ma=473 and mb=0.03384. this steady
state model of biomass gasifier is developed using MATLAB Simulink models of four subsystems and are controlled by fuzzy
controller. [5,8]. Where ma & mc are material dependent parameter i.e. for wood, ma=473 & for rice husk, ma= 265, mc is for
wo0d=3.95 and for rice husk=8.73 and mb=amount of air for combustion of 1kg of dry biomass

Table -1
Biomass plant data calculation from gasifier equations [10]

Sno Fa Fg ~ Hp _ Fhp _ ER ToC CO/CO.
" | (air flow) | (freq. of grate) | (moisture content) | (biomass consumption) | (Eqg. ratio %) | (Temperature) Ratio
1. 5.7 .006 7.15 1.73 22.2 716 .309
2. 6.9 .050 7.15 1.77 25.25 719 .392
3. 12 .050 7.15 1.96 39.05 733 757
4. 18 .080 7.15 2.19 52.4 748 1.11
5. 22 .085 7.15 2.35 59.84 755 1.31

Table — 2
Error values for controller input
S.No. | Error Hp | Error T | Error CO/CO>
1. 1 -134 0.442
2. 1.1 -143.4 0.401
3. 1.1 -48 0.302
4. 1.1 -4 0.662
5. 1.02 25 0.454

E. Fuzzy Logic Controller:

Fuzzy logic is very much closer to thinking of human and language than any traditional logic system. This controller gives the
linguistic control conversion from knowledge in automatic control system. Here, a fuzzy system is modelled with three inputs and
two output based on the experimental data reported in table 1. The three input variables are Hp (moisture content), Fa (Air flow)
and Fg (Grate frequency) and the output variables are CO/CO; ratio and Temperature. Inputs are given to the fuzzy model in the
operating region of the gasifier, it gives the corresponding outputs, based on the membership functions and the rules written. Fuzzy
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logic uses the whole interval between ‘True’ and ‘False’ to describe human reasoning [10]. The basic configuration of FLC

represents in four steps which are as follow:

1) Fuzzification: It converts the inputs in information and conditions that the interface mechanism can easily use and apply rule

base.

2) Knowledge base: It contain two parts ‘data base” and ‘rule base’. In data base, all membership functions define the control
variable procedure. And Rule base contains fuzzy logic quantification of expert’s description form of set of rule of how to

achieve good control.

3) Interface Mechanism: It emulates the expert’s decision making in interpreting and applying knowledge about how a plant to
be control efficiently. Control rules are relevant at current time and decide what to input to the plant should be.
4) Defuzzification: It converts the conclusions into actual inputs to the system. This process converts decisions into action.
The gasification process is highly non-linear and very slow process and difficult to formulate modelling for it. Here, fuzzy
system is modelled with three inputs (Error Hp, Error T and Error CO/CO; and two outputs (airflow and frequency of grate). Rule
formulation are based on error temperature, error Hp and error CO/CO. which are converted into non-fuzzy values by
defuzzificaton process and these values have been fed to final control system for controlling action [10].

Rules for adjustin

Table -3

g frequency of grate [8]

s.no | IfHp | Anderror T | And error CO/CO2 | Then grate
1. Low | VeryLow Very Low 4
2. Low | VeryLow Low 3
3. Low | VeryLow Zero fl
4. Low | VeryLow High f3
5. Low | VeryLow Very High fl
6. Low Low Very Low 3
7. Low Low Low f2
8. Low Low Zero 2
9. Low Low High 2
10 | Low Low Very High fl

Table -4
Rule for adjusting air flow rate [8]

S.No. | IfHp | And error T | And error CO/CO; | Then Flow
1. Low | VeryLow Verylow EH
2. Low Very Low Low VH
3. Low | VeryLow Zero VL
4. Low | VeryLow High VH
5. Low | VeryLow Veryhigh VL
6. Low Low Verylow VH
7. Low Low Low VH
8. Low Low Zero B
9. Low Low High B
10. Low Low Veryhigh VL
11. Low Zero Verylow VH
12. Low Zero Low B
13. Low Zero Zero VL
14. Low Zero High VL
15. Low Zero Veryhigh EL
16. Low High Verylow B
17. Low High Low B
18. Low High Zero VL
19. Low High High VL
20. Low High Veryhigh EL
21. Low | VeryHigh Very low VH
22. Low | VeryHigh Low B
23. Low | VeryHigh Zero VL
24. Low | VeryHigh High VL
25. Low | VeryHigh Veryhigh VL
26. Low | VeryLow Verylow EH
217. Low Very Low Low EH
28. Low Very Low Zero EH
29. Low | VeryLow High EH
30. Low | VeryLow Veryhigh EH
31. Low Low Verylow EH
32. Low Low Low EH
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33. Low Low Zero EH
34. Low Low High VH
35. Low Low Veryhigh VL
36. Low Zero Verylow VH
37. Low Zero Low B

38. Low Zero Zero VL
39. Low Zero High VL
40. Low Zero veryhigh VL
41. Low | VeryHigh Verylow VL

In Error CO/CO; variable, five linguistic values are: very low, low, zero, high, very high and in Error T values are: very low

low, zero, high, very high are also defined. Membership function (MF) of output variables in airflow are EL, VL, B, VH, EH and
in frequency grate, membership functions are f1, f2, 3, f4, f5 are defined. Different Membership Functions (MF) are shown in

given as:
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Fig. 8: Membership function of frequency grate Fig. 9: Membership function of air flow

Static model of biomass gasifier is used for tuning the controller by using fuzzy logic controller of MIMO system of gasifier

F. Simulation Result and Conclusion:
To control the static model of biomass gasifier, a fuzzy logic controller is used by defining the membership function of its input
and output. In this, by adjusting the frequency of grate, CO/CO ratio has been effectively controlled. And by adjusting the air

flow, temperature of gasifier has been controlled. Simulink model of gasifier plant is shown in fig.10
—
il 2
% " e I - COCO2 RATIO 015
Group =
= 1 a
A A
Ero Hp | “u’ :xv\ \ =
FLC COCOZRATIO -
P s BIOMASS CONSUMPTION
orcup 1 ]
E r‘ Scops
,’.xﬁrln\ I
oy COROE rf 0 pato 01513 im: i BN Lit,
Groop- 1 mc
= =) [ sl
Fg
e
w EQUINALENCE RATIO - TEMPERATURE

Fig. 10: Simulink model of FLC Biomass Gasifier

All rights reserved by www.ijste.org 65




Intelligence Control of Downdraft Biomass Gasifier using Fuzzy Logic Controller
(1JSTE/ Volume 3/ Issue 02 / 008)

As the MIMO system of gasifier does not have proper model and performance of gasifier cannot be verified by simulation. As
a result, controlled values of CO/CO, ratio and temperature for five error values of moisture content (Hp), temperature (T) and
CO/COg, ratio at t=0,1,2,3,4,5 are shown in fig. 11.

Fig. 11: Controlled CO/CO2 RATIO and TEMPERATURE
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