International Journal of Advances in Engineering Research http://www.ijaer.com

(NAER) 2016, Vol. No. 12, Issue No. Il, August e-1SSN: 2231-5152, p-1SSN: 2454-1796

CONTROL SYSTEM MODEL FOR BLACK SMOKE
ELIMINATION AT PALM OIL MILL

Noor Atikah Abdullah!, Ramizi Mohamed?
Wan Mohd Faizal Wan Mahmood ®, Mohd Amrin Abdullah*
Zulkarnain Atan*, Ahmad Jaril Asis*, Nordin Mad Hashim*

'Department of Electric, Electronic & System Engineering, Faculty of Engineering & Build Environment, Universiti
Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysi

Department of Electric, Electronic & System, Faculty of Engineering & Buj v , Universiti Kebangsaan

Malaysia
43600 Bangi, Selangor, Mal
®Department of Mechanical & Materials Engineering, Faculty of Engin®

Kebangsaan Malaysia, 43600 Bag@i, Selangor,

“Sime Darby Research Sdn.Bhd. , KM10, Jalan Banting- K Q. Box 207, 2

A N

ABSTRACT

In this paper, black smoke released during biomass com by a proposed PID control
i ith improper pretreatment. To

rs globally are accustomed to fossil fuels such as oil, coal and
natural gas. i xpected that fossil fuels will be dwindling soon, these fuels are
still prominent urce of energy in the whole world. Recently, many endeavours
have been done to [ renewable fuels to cut down the dependence on the fossil fuels. The
most assuring renewabl@’energy source turns out to be biomass due to its diverse resource and it’s
environmentally sourfd distinctive. While the fossil fuel is burned, a net addition of CO, was
produced in the atmosphere. By combusting enormous portions of fossil fuels, immense quantities
of CO, will be emitted into the air within a very short time equivalent to about 200 years of CO,
[1-2]. Malaysia holds a national policy of encouraging the adoption of renewable energy. This
policy was declared as a part of the 8th Malaysia Plan in 2001. The aim is to boost the power
production using renewable energy sources. This project is in line with the government’s policy of
fuel diversification and will shift fossil fuel consumption with renewable energy sources such as
biomass.
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Since Malaysia is an agricultural based tropical country. Many crops such as paddy rice,
palm oil and sugar cane are cultivated in this region. Malaysian palm oil industry produce huge
amounts of palm solid residue (PSR) biomass such as empty fruit bunches (EFB), shell, palm
fibre, trunks and fronds as by products. These biomasses are capable to be taken into account in
the energy mix of the country [3]. Biomass can be converted to solid, liquid and gaseous as for
example like charcoal, ethanol and methane. When it is burned, it reacts with oxygen in the air to
form carbon dioxide and to be released into the atmosphere. The amount of carbon dioxide
emitted is equivalent to amount of carbon dioxide taken from the atmosphere during growing
stage if it is fully combusted. Biomass also known as carbon sinks as there is no net increase of
COs,. This is also known as zero carbon emissions or the carbon

Biomass Co-firing

ustion efficiency is
the stack and cause an

ly low content of ash, C, S, N and trace elements, great
tion of hazardous emissions (CH4, CO2, NOx, SOx and trace
restoration of degraded lands and can be co-fired with

money. Direct-fired gower generation technology has a very high efficiency and more reasonable
unit investment when it is in scale operation. It is described as the simultaneous mixing and
combustion of biomass with other fuels such as coal and/or natural gas in a boiler in order to
generate electricity [17-21]. There are other constraints of producing power purely from biomass.
Such as biomass low heating values and the fuel's low bulk densities, which create the need to
transport large units of biomass [17]. Power generation thru biomass co-firing provides an
effective way to overcome these challenges [21]. The biomass power generation technology can
be characterized into three types. These are biomass co-combustion power generation, direct-fired
and biomass gasification. Biomass co-combustion power generation is a technology which the
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combustion is done between fossil fuel and pre-treated biomass mixed, which produces the steam
to driven the steam turbine. This technology comprises of three types: direct co-combustion,
indirect co-combustion and parallel connection co-combustion [19].

a. Mixed fuel combustion

In this project a direct co-combustion is used. Palm oil biomass such as palm kernel shell (PKS)
and palm fibre is burned with biogas to generate electricity for a palm oil plant usage. The biogas
is obtained through anaerobic digestion of palm oil mill effluent (POME) from the same palm oil
plant. This method of burning is to help achieve complete comh ate. This technology is

the boiler pressure back to normal. Black smoke is
biomass fuel is not properly mixed [22].The

material [23]. Black smoke can be reduced
burning a cleaner fuel such as biogas to ach
combustion.

PROPORTIONAL - IN

g process, PID controllers are the best controllers.

calculation must be tuned according to the nature of the

e the design is generic, the parameters depend on the specific

utation (algorithm) involves three types of parameters. This

controller also so es cglled three-term control. These constants are Ky, K; and Kg; whose
subscripts p, i and e proportionality, integrative and derivative control, respectively The
proportional value def@fmines the reaction to the current error, the integral value determines the
reaction based on the sum of recent errors, and the derivative value determines the reaction based
on the rate at which the error has been changing. Heuristically, these values can be interpreted in
terms of time: P depends on the present error, I on the accumulation of past errors, and D is a
prediction of future errors, based on current rate of change. By tuning the three constants in the
PID controller algorithm, the controller can provide control action designed for specific process
requirements. The response of the controller can be described in terms of the responsiveness of the
controller to an error, the degree to which the controller overshoots the set point and the degree of
system oscillation. Some applications may require using only one or two modes to provide the
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appropriate system control. This is achieved by setting the gain of undesired control outputs to
zero [24-25]. Below is the control algorithm for the PID controller:

t de
u(t) = kpe(t) + k:J e(T)dT + k; —
0 dt 1)

There are four types of controllers that can be obtained from using proportional, integrative and
derivative controller. Those controllers are P controller, Pl controller, PD controller and last but
not least PID controller. In this project, automatic tuning algorithm from Control System Toolbox
Simulink MATLAB is used to find the controller parameters.

THE PROPOSED MODEL

a. Dynamic Characteristics of the Boiler Drum Pr

model below [26]. This model does not €cq

not describe the distribution of steam and i . Bhhe “equation gives good
the boiler. Because this

model did not capture the drurg

are focusing on the drum press

/ Boiler

FEEDWATER ———>

Block diagram of a boiler
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MODEL SIMULATION
a. Simulation of the boiler without controller control.

Fig. 2 represent the Simulink representation of the boilg
above. The calorific value (CV) of the biomass is used as tht

Biomass » heat drum pressure 4| drum pressure

mathematical model
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sure was low, the black smoke will be

sed as low pressure hence producing high

Inating black smoke emission was to increase

in order to eliminate black smoke emission was around
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Figure 3 Drum pressure responses when using only biomass as combustion fuel
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b. Simulation of the boiler with Controller Control.

Fig. 4 represents the Simulink representation of the boiler model with control. The variation of
PID controllers is used. Biogas will be supplied to aid the combustion in the boiler. The biogas
admission will be controlled by the controllers. Direct co-firing technique is used.

Biomass

(kd/kg)

PID(s) In1 out1 +* JI>- In pressur .‘-I —

desired pressure PID Controller biogas (kl/kg) BoilerPlant1 pressure

output  pressure

pressure sensar

Figure 4 Block diagram mixed fueld®mbustiog control by ntrollers
Table 1 shows the simulation tuning result ob

Table 1 Parameters o

Controller Valu Response Time i ime (s) Overshoot (%)

Proportional (P) P =516.94 ] 8.77

Proportional & =278.290

Integral (PI) | =92.9308 16:5

7.32

Derivative (PI

Fig. 5 shows the step response of each controller in time domain after tuning. The figure shows
that the responses improve much better after the controllers were tuned.
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) (d)

Figure 5 Step responses (a) P controller, (b ID controller.
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Figure 6 The boiler pressure responds (a) P controller, (b) PI controller, (c) PD controller and (d)
PID controller
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Based on the observation, the boiler pressure rising to 1800kPa faster using P controller than Pl
controller. Both PID and PD controllers took longer time to rise to 1800kPa. All four of the
controllers be able to reach the target pressure. It’s just the matter of time. Based on the result
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obtained user can determined which controller they prefer based on the requirement of the plant.
Whether the delay in responses will be destructive on the plant or can be tolerated.

CONCLUSION

In this paper a co-firing combustion in a water tube boiler has been implemented using
Simulink. A Simulink model of water tube boiler is developed and PID controller is implemented.
There are four types of controllers under consideration which are P controller, PI controller, PD
controller and PID controller. PD controller give the fastest settling time while PI controller the
longest. PI controller also gives the highest overshoot among trollers. PD and PID
controllers result in the fastest response time compare to othersg¥ s. All the controllers
can be used to control the biogas i i iler. TheM@rget pressure can be

0 be chosen go be
implemented at the site.

In the future, implementation of fuzz
performance of the control will be considered,
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