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Abstract— Biomass fuels allocation for energy generation plag (BFAP) is a difficult problem because of aiety
of data and complexity, which many energy convargichnologies, many type of resources. It requdeEsnutations
of work for optimal solution which takes considdeabomputing time when the size of problem is lakdereover, the
results will not be effective in all aspects. Tilgisearch applied a genetic algorithm (GA) for sofyand optimizing the
BFAP problem. A case study was conducted on a loase simulation to demonstrate the feasibility BFRFAP
offers simple steps and provides more allocatioangl to satisfy decision-makers’ requirements fonimim
investment cost, maximum gas emission reductiahpreaximum investment returns.

The first step of GA is to generate an initial plgpion randomly, including the result obtained bsing fitness
function, such as the energy efficiency of the ggnepnversion technology and the bestselling vafuglectricity in a
day. Then, the population will go through the pxef reproduction, modify crossover and mutatmiereate a new
population for the next generation until some stoggriteria were reached.

The testing result indicates that the efficiencyhef processing complex and varied factors as wigh accuracy.
These results suggest that BFAP can solve a vaaiedyvariability of the data. It can maximize reuerfrom sales of
electricity. In this case, BFAP helped decision-erakoptimize the electric power generation planni@ausing
resource use to be worthwhile and increase statiititthe production of electricity to the grid..

Keywords— Biomass fuels, allocation, power generation, geti@ algorithm.

1. INTRODUCTION

Thailand relies heavily on imported energy. In 2011
crude oil was imported as high as 85%, and thd totay, j/.,2 /day; and
imported value was about 1,125 billion Baht. This |
impact of climate change and

situation plus the
environment resulting from greenhouse gas emission
the critical issue that everywhere in the worldluding

the by-products

purposes such as biomass, biogas, biodiesel, dttzamb
from processed food industry.
Geographically situated in the equator, Thailarsw dlas
great potential in solar with average radiation18f2

in some areas with wind speed
potential. Thus, these can make Thailand the best
potential on alternative energy development andtere
opportunity to strengthen energy security in thiure.

The Government of Thailand has currently assighed t

Thailand, pays great attention and set measures foMinistry of Energy to set up the 10 Years Alternati

solving it out. Among effective mechanism to tacki¢h
this issue, alternative energy seems to be the \isegs
out for us to develop and promote towards a fimal ef

Energy Development Plan (AEDP) aiming to create the
framework and direction for increasing alternative
energy consumption by 25% in 2021 [1].

green house gas reduction and paving the ways for The Biomass target set under AEDP is 3,630 MW

Thailand to become a low carbon society and thddwor
renowned showcase as the country of alternativeggne
consumer and developer [1-2].

In terms of alternative energy sources, Thailandcis
in agricultural products that can be yielded foergy
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while the existing generating capacity is 1,751N8@/.

The development includes the following strategies:
Promoting the installation of Distributed-Green-
Generation (DGG) to be owned, managed by energy
enterprise groups and communities. Support findncia
incentives such as ADDER adjustment to be FIT (Feed
In Tariff) and special Renewable Energy Incentif@s
community based DGG projects. This also includes
financial support for the biomass power plant wréase

its efficiency by changing low pressure boiler igher

one. Facilitating biomass development by assigning
Provincial Electricity Authority (PEA) and Electiig
Generating Authority of Thailand (EGAT) to exparm t
transmission system and distribution to go hantand

with biomass power plant development, especially in
high potential areas like in the South of the count
Creating participation in the targeted areas where
biomass production system can be installed and mgaki
knowledge campaign to educate the youth on biomass
management as well as biomass networking. Research
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and development on biomass pallet in terms ofand usually considered as the maximization of an
production, consumption and standards, in ordeetoe objective function representing the energy or the
the future hub of biomass fuels. Besides, Gasifgas minimization of an objective function representitige
Engine technology, and downstream industries fer th greenhouse gas, investment cost, operation cost and
purpose of domestic production capability and Biesna generation cog4]-[9], or optimal sizing [10]-[13]. The
to-Liquid technology are also included in the reska  genetic algorithm (GA) is a metaheuristic inspitgdthe
list. process of natural selection that belongs to thgefa

The AEDP target for biomass is 8,200 ktoe while the class of evolutionary algorithms. GA is commonleds
existing combined generating capacity is 3,286 ktoe to generate high-quality solutions to optimizatiand
This will be promoted through biomass pellet praguc ~ search problems by relying on bio-inspired opegator
and the comprehensive use of heat co-generatiorsuch as mutation, crossover and selection.

(Electricity and heat) or biomass co-generation. This paper enables the GA to the problem of optimal
multi fuels allocation for power generation [14B]1
s [ mported Value | This research was conducted in a simulation witkeh
© Domesiic @ Import — different input factors; four types of raw matesiafour
Flectricity [ % | 2] types of energy conversion technology, and daily
o S O electricity prices
Natural Gas | 74 T | 136 |
pl I ) i Table 1. The capacity target in the 2021
Crude Oil [T S [ 921] The installed The storage
0% 20% 0% 0%  80%  100% Type capacity target| installed capacity
::), - in 2021(GW-hr)|  in 2021(MW)
Billion Baht] —
1. Wind 1,283 1,200
Fig.1. Thailand Energy Consumption in 2011[1]. ' ’
2. Solar 2,484 2,000

In the year 2014, biomass is a renewable energy th
has highest share of the heat production (89% the3. Hydro 5,604 1,608
thermal energy produced from all renewable energy). .

Biogas accounted for 9% and the rest is thermailggne 4. Biomass 14,008 3,630
from waste and solar. The production of energy from|5. Biogas 1,050 600
waste and solar energy is also the need the gowesnm

promotion for encouraging more utilization in sees 6. MSW o518 160

and household sector [2]. 7. New Energy| 10 3
The use of biomass for energy does not increase th

net amount of carbon dioxide in the atmospherdt.itf | Total 24,956 9,201

made of renewable biomass used, the new biomaks wil

be equal to the amount of carbon dioxide emitteinfr 2, METHODOLOGY

the biomass combustion. In addition, the biomass

conversion technology is applied into energy suchas, Framework of BFAP

liquid fuels and energy efficiency. Has been your This research was conducted simulation of threferifit

attention and turned a widely used. raw materials for energy conversion and the tradihg
The government wants to use alternative energyelectricity per day during the week. The detaile as

including energy from biomass has increased to 25 Y%follows:

under the planned development of renewable energy. Raw materials are imported data, with the size and

Therefore, it is necessary to make efficient usduet  performance of the individual that is set to beated

from biomass in a variety of biomass power plant orwith the four raw materials were different. Eacheyof

factory in Thailand. To obtain information for uge raw materials has different properties, such agggne

planning and policy formulation, production, stogag efficiency, cost, and size.

and distribution of energy pass through the unmedag The energy conversion technologies are processed

energy efficiency. To take into account variations  with the implied value of energy efficiency and

many aspects, both the planting season environofent |imitations of each technology available in the teys

value-added raw material and fuel costs, ratesrigaor The energy conversion technologies are the four

the cost of storage. The management plan from aflot categories were different, which are combustion and

variation and complexity. The need for tools and gasification technology.

methods that is highly effective. It must be desiirto Daily electricity prices are traded electricityeatvary

reflect a variety of factors existent in Thailanbhis by date. In this simulator is assumed to changly,dhat

research has selected the evolutionary computdtion this system must plan to produce more on higherepri

help allocate and planning to be effective and ntieet  days.

problems of today and the policy of the state [1]. From all three of the above information, this reska
The optimal energy generation planning has beenhas a different set of data to be diverse and aeflee

frequently solved using classical optimization noeth  realities of raw materials such as some of the more
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energy efficient but there is less volume in thergp 3.1 Selection of two parent chromosomes
conversion process. Proportion to the volume of raw according to the calculated fitness.
materials that are not very high with some energy 3.2 Crossover the parents at a chosen point with
conversion technology [4-7], [15-18]. a crossover probabilityp. and create two
offspring.
Manager 3.3 Mutation of the offspring at every position

Plantation
Grading, Fertilizer,
Harvesting, Collect

with mutation probabilityp,, and addition of
the mutated chromosomes to the new
population.

4. Exchange the current population against the

A 4

Energy
Conversion

Gasification
Liquefaction

3 newly generated population.
Residue

5. Start back at Step 2.

Fig.2. Energy Conversion Diagram. ) ) ) )
A single iteration of the described steps represente

Development of BFAP generation. The most critical parameter in a GAhis

fitness function which evaluates all possible dolutto

As a quite promising stochastic globaloptimization the optimization problem. If fitness function perfeance
method, genetic algorithms (GA), originally presghby  is poor, optimization results will also be poornding
Holland [3], are widely applied to a variety of the appropriate fitness function for a complex
complicated cases. GA is directed random searchyptimization problem is often the most difficultska
techniques, based on the mechanics of naturalt&elec Fyrthermore, algorithm performance is sensitivethe
and genetics. This research has made preliminartnoice of generation and population size, crossawer

structural design of the system based on the GAhEa muytation functions and chromosome encoding: hence
answer is a characteristic in the form of chromoss@s these parameters must also be Carefu”y chosen for

shown in Fig. 3, This encoding scheme is desigied t gptimum results [6].
represent the candidate solution. Starting from an
arbitrary number of raw materials in the stock, Ga 3. IMPLEMENTATION OF THE PROPOSED
process evolves the value in the chromosomes te hav ALGORITHM
good candidate solution.

GA is described using biological terminology which This paper using structural design of the systeset@n
differentiates them from other evolutionary compiora  the GA. This will determine the answer to the pewblof

methods. The most important terms are as followg][6 the answer. Each answer candidate is a charaiterist
[19-24]: which is in the form of chromosomes as shown in Jig

. ~ The encoding is the first step and an importan [2e9],
Chromosome: A representation of a possible[21-2g]. It is designed to represent the chromosoofe
solution to an optimization problem where the answer. Starting from an arbitrary number of ra
parameter values are encoded using either binarymaterials in the inventory, the data is processed
real-valued or tree encoding. substrate. This research describes the structure of
Genes: Groups of bits or real values which encodechromosomes. By simulating the following informatio
one particular element of a possible solution
(Chromosome)
Crossover: An operation in which genetic 1. Machine or energy conversion technology into the
material is exchanged between two different System. In the four technologies have differentedasn
chromosomes to generate new chromosomes. ~ €nergy conversion technology with a current physica

Mutation: An operation which randomly changes 2. Gene or raw materials are introduced into the
parts of a gene in a chromosome at randomly€ne€rgy Conversion process.

chosen places. 3. Capacity factor or restrictions on imports ofvra
Population: The set of chromosomes used toMmaterials each type of energy conversion technotogy
explore the optimization space. This can either betransform the energy of technology.

Framework of the Genetic Algorithm

fixed or vary as optimization progresses. 4. Energy factor or energy from raw materials

- Generation: One optimization cycle of a GA. limitations of each technology, as opposed to iitlial

energy conversion technology [14], [18].
A basic genetic algorithm works as follows [6]: 5. Real-time pricing or daily electricity price.

1. Generate a random initial popu|ati0n of n Each the chromosome of this case has 7 dayS with 11
chromosomes. genes, there are 4 machines or type of energy csiove

2. Calculate the fitnesc) of each chromosomein technologies per day, 4 type of raw materials pashe .
the population, energy conversion technology. _Each day the daily

_ _ electricity price is differer{f,). In this research there are
3. The following steps are repeated to obtain a new.

population withn offspring: the capacity factorsCf) of raw materials each type of
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energy conversion technologies and the energy rfactofollowing equations:

raw materials

(Eg)

is the energy efficiency from

limitations of each technology, as opposed to iiddial
energy conversion technology.
1 Day
1
[ Machine 4
—— ——
[048 ] 078 198 112 [ 035 [ 067 [ 155 [ 142 [ 017 [ 058 [ 188 [ 170 [ 025 [ 034 [ 107 [ 112 ]
Capacity Factor (C)
[06]07]07]o08]07 o708 o8 07 o8 os8[os8 07 o8] 08 0s]
L J L J L J L )
Y Y Y Y
400 450 400 500

(Max Capacity of Machine)
Energy Factor (E,)

[16[15]1818]28[28]29]29[22[22[24[24[15]21]22]22]

Real-time pricing (P,)

(o0 T x00x [ o0 T 300¢ [ xo0x [ 00¢ T xo0x | 00 T 300¢ [ 00 T o0k T xoox [ oo T xoox [ xoox [ xoex |

Fig.3. Conceptual illustration and components of th BFAP.
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Fuels

- Pricing per day

I
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}
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!
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— :
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- Crossover function
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conversion each day

!
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!
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¥
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v
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b
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|
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I

Fig.4. Flow chart of this study.

Factors to consider are the cost-efficiency of gper

conversion technologies from the appropriate; ¢osts

production processes, volatility of daily electtycprice,
respectively. In terms of the allocation of biom#sde
more efficient, it is necessary to consider theinopin
raw materials selection for with the existing teclogy
and daily electricity price. The processing cormufi and
limitations on the amount of fuel efficient techogy

and each different, the system can be written &s th

following [7]:

PV = P,.E,. [—Kg'(ll__lggu)] &
where
PV gained from the sold electric energy.
P,  the selling price of electric energy.
E, the sold and produced electric energy.
K, the rate of sold energy price.
1,  the useful lifetime.
Objective function

The objective is to maximize the electric power rgge
output and minimize the fuels co#t this study case, the
fitness function of this implementation shown in.(2

maxCy = Y1_,(PV) — [INV; + L, + M| 2
where
maxC, :the maximum of selling.
INV; :the investment cost in the production cycle.
L, :the electricity used in manufacturing.

M. :the maintenance technology.
f; (x) = maxCy 3)
where
maxC, :the maximum of selling.
f1(x) : the Objective Optimization.
: _ fy + Cmaxr f(x) > Cpax
Fit(f(x) = { T @)

Encoding of Chromosomes for the Problem

From the variety of variables has used geneticrilgos

to solve the BFAP problem. The design chromosome to
find the best result of Fig. 5, with the first ptomn in
every four is the number of each type of materiadach

of the four species.

r
Machine 1 Machine4

f—lﬁ !—‘—\

Dayd,—>{ 048 [ 078 [ 198 [ 112 [ 035 [ 067 [ 155 [ 142 [ 017 [ 058 [ 188 [ 170 [ 025 [034 [ 107 [ 112 |

Day d,—xoxx [ xoox [xoox [ xoox [ xoox [ xoex [ o [ xxx l.xxx 100 T oo [ xoox [ xoox [ xoox [ xoxx [ xxx |

T © Ty iy By ity ifs Tyt Fy by By

Day d; ] xo0¢ [ x00x [ 00¢ [ xo0¢ [ oox [ o0¢ [ xo0x [xoox [ xoox [ xoox [xoex [ xoox oo [xoox [xoox [ xxx |

[ e s e o

Raw Materialr; tor,

Fig.5. An example of a chromosome.

The mathematics in the BFAP can be described by the
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Situated in the same machine (Energy conversionis random mutations by 32 is negative or reduce the

technology) and another four next positions will foe
each of four types of raw materials, as well afitise set
but in a different type of energy conversion tedhgg.
There are four types of technology. That means ttat
first 16 to be composed of four types of raw maisrin
each of the four types of energy conversion teamgl
all of the above. To represent the work in one déych
will be evaluated in this research, planning isdoi@ng
in one week or seven days. As a result, the tataiber
of chromosomes is equal 112 positions (112 genes).

4. MODIFICATIONS TO GENETIC
OPERATIONS FOR THE PROBLEM

4.1 Modified Crossover

After parent selection, a crossover operation
performed. The idea of crossover is that usefuireads
of parents should be combined to yield a child,clwhi
will lead to better energy conversion technologisT
research used a classical one-point crossover tigera
by randomly generating a crossover and then swgppin

is

segments of the two parents to produce a child. Our

crossover operation generates the crossover pgint b
cutting the row of array.

After performing crossover to two chromosomes, the
offspring will be adjusted if they are infeasibldigions.
After the adjustment, the total capacity of machimell

not be larger than the maximum capacity of machines

[18-26].

amount of raw materials into a machine. The syst@n
performs a random mutation another position. Thpe ty
and amount of raw materials match the first positio
(position 10). This is the opposite to the firsspion. If

a change is reduced, the mutation of this secosdipo
will add more value equal to the lower of the fiostit
can be said that the bringing the mutations thatewe
introduced in the first mutation in a second positio
comply with the existing system.

-32

v

+32

([ EEEFEEEFEE )

Fig.8. An example of a modified mutation.

Machinem;

‘_L_]

[048 078 [ 098 [ 112

Machinem,

I_L_\

880 [ 072 [ 041 [ 025 ]

065 | 035 [ 067 [ 055 [ 081 [ 042 [ 017 [ 580

Randomvalue Randomvalue Randomvalue Randomvalue

Fig.9. The multi-point mutation (Mutation V1).

Machinem; Machinem,
[048 T078 [ 098 [ 112 065 [ 035 [ 067 [ 055 | 081 [ 042 [ 017 [ 580 § 880 [ 072 [ 041 [ 025}

Exchange value

Fig.10. Mutation between machines (Mutation V2).

Fig. 6 shows the crossover of each gene or raw

material and Fig. 7 shows the crossover of machines

MachineMy,  Gasssisssssssinsissssissnssssisssasisnssiss

Machinem,
A

Machinem;

I_‘_\

[ 048 [ 078 [ 098 [ 112

Machinem,

I_l_\

880 [ 072 [ 041 025 |

065 | 035 [ 067 [ 055 [ 081 [ 042 [ 017 [ 580

P1 —[048 [078 [098 [112 [065 |035 [067 055 [081 [042 [017 [ 580 [880 072 [041

r 1
025 [034 [107 [112 [090 |
I )
—

12 v
P2 — {036 [065 [077 [098 [073 043 [069 [ 087 [085 [070 | 052 [ 044 [086 | 085 | 081 |

‘_V_H_Jﬁ_LY_Lﬁ

Raw Material ry torg

042 [057 [068 [093 [051

Fig.6. Crossover of each gene or raw materiglCrossover
V1).

Machine m, Machine mg

035 [067 [055 [081 [042 [017 [580 [880 [072 [041 {025 [034 [107 [112[090 |

| —————

.

043 [069 [087 [ 085 070

P2 — {036 [ 065 [077 098 073

e e e e e

Raw Material r; torg

042 [057 [068 [ 093 [051 052 [044 [086 [ 085 [ 081 |

Fig.7. Crossover of machines (Crossover V2).

4.2 Modified Mutation

In the mutation operation, each gene has a prataofl
a mutation rate to be mutated. If a gene is to btated,
the new value of the gene will be a random valuhiwi

the range of the sum of the gene value and the rest

number of capacity of machine. At one point muti®
a mutation equals another point of time to prevent
exceeding the capacity of the machine or missingaof
materials available in the inventory [26-28].

Fig. 8 is a random mutation at position 6, the nemb

Exchangevalue

Fig.11. Mutation between each raw material (Mutatio V3)

The multi-point of mutation, mutation between
machines, and mutation between each raw matesal, a
shown in Fig. 9, 10 and 11. The mutation technigfie
each version is an evolved characteristic andrangty
influenced by the genetics of each version. Thigaech
uses a variety of mutations to find the best result

Table 2. Simulation Parameters in GA

GA Parameter Type Value
Chromosome length Real Value 112
Population size Rank 200-500
Number of generations Round 1000
Crossover rate Multi 0.7-0.9
Mutation rate Multi 0.05-0.1
Selection strategy Tournament -

In Table 2 shows the parameters used in the GA for
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this implementation. A tournament based selectign [
[19], [24], [29] is used to form a new populatiarh the -
existing ones, and the algorithm is terminated when =
generation criteria are met. =

> B
| 3 |
[ |
 m
L3 |
e
(|
(3 |

g 8
o
>

g

5. RESULTS AND DISCUSSION

The results in Fig. 12 shows the proposed methaod ca
find the best result using less processing timeuat5
seconds. In Fig. 13, shows that use of GA out perfo 2 8- Crossover V1
clearly averaging about 25% and compared with greed oo
methOd [30]. 10 2 » “ LY L] . ) 20 100

Iteration

Performance
B
3

Ly |

g 8 8
»a

o

10000 - Fig.14. Comparison of each crossover technique.

rzf—'ﬂ

3000 Time1 - 00:00:14.2196030

— Time0 - 00:00:16.6141225
900

800
— Time2 - 00:00:11.2966318

___ Time3- 00:00:14.4265386 e

6000 600

ssaully

500

4000 400

Performance

300

——Mutation V1

2000+ 200

100

—&— Mutation V2

Mutation V3

0 200 400 600 800 1000

Generation

It:eratii):n B
Fig.15. Comparison of each mutation technique.
Fig.12. Improvement in the best fitness of fitnesfunction

for GA. The results in Fig. 15, shows each mutation teakeiq
000 can descript that 200 population size and the fitiha
/ ratio of mutation 5%. From this experiment, the atioh
wo L V1 and is the best performance.

6. CONCLUSIONS

This paper was conducted using genetic algorithm to
allocate biomass for energy generation plannings Th

600

- Traditional

Performance

400 e PUrpose . . A .
research can improve allocation of biomass effityeto
o analyze a wide variety of biomass to energy conerrs
technologies to maximize the produce electricitpgalt
can also adjust the parameters to modify the [@aong-
0 0000000000000 Q0QQ Qo lteraton term (Real'“me PI’ICII’]g) or Calculate the FIT
SARRRARSCRIRASEREBERAS : : :
_ = The results of this research are consistent with an
Fig.13. Comparison of performance efficient industrial sector. In response the gowesnt

power development plan of the country. It can add

The results of the above simulation is the 7 dajsgl  stability to the electric grid. To reduce the coktuel or
a variety of variables such as, volatility of daily fuel supply in the country as well. The BFAP carphe
electricity price. The results from Fig. 13 can $®en  optimize energy conversion, allocation plan, power
that in early test results of greedy method hasebet system and help to satisfy decision-makers’ requénmats
performance, but after passing through the peribe,  for mini-mum investment cost and maximum investment
GA has to adapt and develop themselves. Theretfloge, returns.
answer of GA better than the greedy method, and the
results of GA can go to the best resiit.this case, a ACKNOWLEDGMENT
higher rate of mutation can lead to a quicker $miut
because its population try a new value more often.

The results in Fig. 14, shows the crossover V1
compared with V2. From this experiment, the crossov
V1 is better.
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