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Abstract

In recent years, great efforts have been made dacee greenhouse gas emissions by
vehicles. Petroleum products produce green housemiéssions; therefore reducing the use
of these products can make a major contributioretlucing pollution. The Fleet Size and
Mix Vehicle Routing Problem is one of the most wWjdeised routing branches.In this
problem, there are vehicles with different capasitiand there is the possibility of
choosingvehicles of different types. In this papéleet Size and Mix Vehicle Routing
Problem is death(?)consideringthe reduction of eglsumption. Since this problem is NP-
hard, three novel heuristic methods entitled GROSROS-Il, GGTare presented for the
problem. In order to evaluate the proposed heosistinumber of small, medium and large
problems are solved. The results show that propakggadithms have good performances.

Keywords:Mix vehicle routing, Reduction of fuel consumptiddeuristics, Green vehicle
routing problem

1- Introduction

Vehicle Routing Problem (VRP) is a familiar cept in the field of operations research, andgreat
efforts and developments have been made in théHesst decades in this area. This problem was first
formulated and solved by Dantzig and Ramser basetiathematical techniques (Dantzig and Ramser,

1959). A classic vehicle routing problem can beirdef as a complete grapHs =(\/ ,A),

V :{0,1, 2, n} , as a set of nodes, and A as a collection of ls@bseen two nodes in which nodes are

the customers and edges show the path betweellightscln this case, node 0 represents the déyiot.
vehicles must begin their service from the depat after surveying the determined path return there
again. The main objective inclassical VRP is toimime travel costs. In the Fleet Size and Mix Véhic
Routing Problem, there are several types of vehiaia there is the possibility of choosing the elehi
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type. Transportation is one of the main sourcegreEnhouse gases emission such as carbon dioxide
(C0O2) and its value is directly dependent on thewm of fuel consumed by the vehicle (Kirby et.al.)
Transportation sector as responsible for trangmpmiillions of tons of cargo and many passengeas is
irreplaceable foundation for economic and induktiévelopment.

Given the importance of the issue, three hearidgorithmsare presented to solve the Green Bizet
and Mix Vehicle Routing Problem and their performesare examined.

The structure of the paper is as follows: atterintroduction in the second sectiona literatergew is
given. In the third part, mathematical model ofdtl8ize and Mix Vehicle Routing Problem is presénte
due to reducing fuel consumption. In the fourthtsatution approaches are discussed. The fifth
section,deals with the results and in the finatisacconclusions are presented.

2- Literature Review

Shao et al have developed fuel consumption ditation. They offered the rate of fuel consumption
a vehicle routing problem with limited capacity. tineir study, the load of the vehicle as well d® t
distance traveled was presented as factors tondigiethe cost of fuel.lt is assumed that the oatieiel
consumption is a function of vehicle load anchidnges linearly (Shao and Huang, 2014).

Besides the distance traveled and the load, kaglu added the vehicle speed to fuel consumption
model,and developed it for vehicle routing probldependent on time and used simulated annealing
algorithm to solve the model (Kucukoglu et al. 201Balmer integrated vehicle routing and carbon
dioxide emissions and calculatedthe amount of carhoxide produced, time and distance traveled. He
studied the effect of speed in reducing carbonid®min various traffic conditions and time limitari.

The results show that five per cent reduction irboa dioxide production is accessible (Palmer, 2007
Fagerholt et al offered a model for reducing fuehsumption and greenhouse gas emissions by
optimizing the speed. They assumed transport randgime windows as fixed and optimized speed in
every section of the course considering the savim§isel consumption (Fagerholt et al. 2010). Acliog

to Campbell's research vehicle type has a signifigempact on fuel consumption; if for products
distribution, large vehicles are replaced withrgda number of small vehicles fuel consumption tnc
CO2 emissions will significantly increase.On thhesthand,the type of vehicle also affects facsoich

as engine wear, engine speed, enginedisplacensntlymamics friction, total vehicle weight and aarg
transporting ability and so on and as a resultdeasumption.

Kara et al. modeled minimizing the energy of ighrouting problem like CVRP through a new
objective function, which contains the product feé tmultiplication of total load (including emptyaad
and vehicle) and arc length.He determined theioglslip between minimizing the energy consumed and
the factors related to the vehicle variable. Acoaydo the authors, this model minimizes the tetargy
requirements and consequently fuel consumptiontimitetails of the formulation of fuel consumption
were not provided (Kara et al.2007).

Yong Peng modeled vehicle routing problem widlgard to fuel consumption and associated fuel
consumption only to the cargo of the vehicle. Irithtarget function, they considered both goals of
minimizing the distance traveled and fuel of théigke. To have lower fuel consumption, he proposed
that the vehicles, at first serve the custometls higher demandand then the ones with lower deiman
(Yong Peng, 2009).

Ubeda et al. examined the VRP with carrying carg the return to minimize greenhouse gas (Ubeda e
al. 2011). Faulin et al studied CVRP issue withardgto environmental issues, regardless of trawitio
costs. They concentrated on environmental costsnsteg from noise and traffic congestion (Faulin et
al.2011). Figliozzi focused on the analysis of C&dissions for different levels of density and absol
demands of customer (Figliozzi,2011). Omidvar aadakkoli Moghadam introduced a model of vehicle
routing for vehicles with alternative fuel AFV (hyth, electric and fuel cell vehicles, etc.) in arde
minimize CO2 emissions and fuel consumption (Omiatal. 2012)

Saberi and Robass examined minimizing the emissigollutants in the concept of TDVRP (Saberi,
2012). Erdogan and Miller-Hooks formulated GreenVB® a mixed integer linear program and
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developed two construction heuristics, the Modifildrke and Wright Savings heuristic and the Dgnsit
Based Clustering Algorithm, and a customized imprognt technique (Ergan and Miller-Hooks,
2012). Kopfer studied reducing emission of polltéam VRP with regard to mix fleet(Kopfer and
Kopfer,2013). Kwonalso proposed the Mix Vehicle Rog Problem with the aim of minimizing CO2
emissions (Kwon et al.,2013). Kocet al. modeled Mehicle Routing Problem with regard to reducing
fuel consumption and for solving the model propoaesarch-based algorithm model (Kog et al.,2014).
Lin et al presented a review of green routing peaobin which past and future trends are discussed{Li
al., 2014).

3- Defining the problem model

There are many models for the calculation oégh®use gas emissions and fuel consumption, wiachar
different in modeling procedure, structure and datguirements. One of these models is microscopic
model that estimates greenhouse gas emissionsiahdonsumption moment by moment. These models
are known as force-based models.

One of the most widely used microscopic modglsdmprehensive modal emission model (CMEM)
which can be used to calculate greenhouse gasiensssnd fuel consumption. This model is discussed
in this paper according to research by Kocet alhis model, speed and vehicle load and road iattin
are examined (Kog et al.). In accordance with CMEM; fuel consumption rate of vehicle type h is
calculated from thebelow relationship (1).

h n, PP
FRh:gf(k NV " %% (1)

Where,¢ mass rates of fuel to the ak."is vehicle type h engine frictiorlN "is engine speed an "
is engine displacement vehicle type h.and K are constant values and the diesel engines

efficiencyparameter and thermal value of diesel, ﬁtmpectively.l:’h is momentary engine power output
vehicle type h (in kW) and is calculated in equat(2).

h
Ph: P trac/h + |:)aoc (2
M

Where,n ; is the vehicle drive train efﬁuencyPaDC is the power needed for vehicle accessories such as

air conditioning and etc., this parameter is asslaero. Fgm is the required tensile force in vehicle
wheels (in kW) and is calculated in equation (3).

pr = (M "a+ M "gsing + 0.5C pA'v*+ M "gC cosd)v (3)
tract 1000

Where, M is the weight of the vehicle type h (including theight of the empty vehicle and load) in
terms of kg. M is divided into two parts, w and f that are theighe of the empty vehicle and the
vehicle's load weight are the weight of the empmkigle and the vehicle's load weight. a is accttera

of the vehicle (m/ s2) . \9,and g are the vehicle speed (m/ s) , road slopéhendravitational constant.

th andCr are coefficient of aerodynamic drag and coefficieitolling resistance, respectivelp. and
A" are air density (kg/ i) and frontal surface area of the vehicle typanh X . For arc (i, j) with d
length, v is speed of vehicle that crosses this la@ll the variables in the equation (1), excégtthe

speed during arc are assumed constant, the fusupggtion (in liters) in the arc is calculated using
equations (4) and (5).
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F“:k“N\/“i%+PhW% (4)

Where, in equation (44 andy " are calculated using (5) and (6) equations;

_<
i_%w (9

h— 1
Y ﬂooomm (6)

Where,y is fuel conversion factor of g/s to litlsandfare coefficients calculated using equations (7)
and (8).
a=a+gdand+gC co) (7)
h— h h
B"=05C" pA (8)

Index of (i, j) arc placed on speed, distance, alehibad and [ ]of the same arc. Equation (4) can be
written as equation (9) (Kog et al.)

F“=i(k“N’V“%+M3z“ad ALE) (9
Vehicle common parameters and vehicle specificpatars are shown in Tablel & Table2.

Table 1.vehicle common parameters (Kog et al.)

Notatior Descriptiot Typical value

E fuel-to-air mass ration 1

g Gravitational constant(n)s 9.81
P Air density(kg/nf) 1.204:

Cr Coefficient of rolling resistance 0.01
n Efficiency parqmeter for dies 0.4t

engines
fC Fuel cost per liter 1
K Heating value of a typical dies 44
fuel

4 Conversion factor (g/s to L/s) 737
a acceleration 0
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Table 2.Vehicle specific parameters

Notation Description (Lr']?qt)d“ty Medium duty (h=2) Heavy duty (h=3)
w " Curb weight (kg) 4672 6328 13154
Q" Capacity vehicle 2600 5000 17000
fh Fixed cost vehicle 41.68 59.9 93.92
N enginefriction factor
k (kJireviL) 0.25 0.2 0.15
N " engine speed (rev/s) 39 33 30.2
" engine displacement 2.77 5 6.66
h coefﬁmen.t of 06 06 07
d aerodynamic drag
frontal surface are
h
A (m) 9 9 9.8
n, h vehlclg erve trair 04 0.45 05
efficiency

Model parameters are listed in Table 3. The notétew in front of some of the parameters are patam
index (indices) in the model.
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Table 3. Model parameters

Notatior Descriptiot
NG.ip) Set of customers and depot(nodes)
N(i.) Set of customers
H (h) Set of vehicls type
cap. i-th Customer capacity
Q h Vehicle capicity
dij Distancebetween the customer i and j
fh Vehicle fixed coste
G i-th customer demand
f d Driver Wage
\Y Optimal speed for the vehicle of type h

M Big number

3-1- The proposed model
The variablex i? and f ijh are used in this modeling where i, j are custonmeies and h is an index

for the type of vehicleX i;‘ of binary variable is equal to 1 if the vehicletge h travels route i-j, and is
equal to zero otherwise, and
variablef ijh shows the flow of vehicle type h in the route j.th this section, the proposed model and its

description are presented. The proposed mathematmdel for the Fleet Size and Mix Green Vehicle
Routing Problem is as follows.

minZ => > S Af k"N'V "d; x "

iON jON hOH

+3 > YA ady (w41 )

iON jON hOH

+Y > YA (V) X (10)

iON jON hOH

+2, 21,

hOH jON

DIDIDIF IR

iON jON hOH
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Subject to:
h —
2 2 x =1 0iON ' (11)

hOH jON ,j #i

h h
D Xp= D> Xy OpON‘;hOH (12)
iON i #p jON,j#p

h h —
DIDA D IDNIEL] Oi ON'’ (13)
hOH jON hOH jON
q *xi?gf”.“ Oi,jON";hOH (14)
f<(Q,-a )*x/ Oi,j ON';hOH (15)
x; D{o,]} ,fijhzc Oi,jON";hOH (16)

In the proposed model, target function is coredasf the five parts.Parts one to threeare relatdde
cost of fuel consumption and emissions of polligapart 4 considers fixed vehicle costs and part 5
calculates driver wage. Constraint (11) ensures éhah customer vertex has exactly one successor: a
customer or depot vertex, restriction (12) guaresitey which the number of arrivals at a vertex must
equal the number of departures for all.Constraifl) determines the differences between the inplg si
and the output side to each customer that aredbdsgdelivered to the customer(?). Constraints §ihd)
(15) ensure that the input flow to a customer nigsigreater than customer demand and less than the
capacity of theallocated vehicle. Constraint (1&fjrtes the range of variables.

4-The proposed heuristic algorithms
In the section proposed heuristic algorithms asexdeed.
4-1- Saving algorithm

As mentioned in the literature review, in 1964ark and Wright proposed an algorithm for solving
homogeneous vehicle routing problems. This algoerite based on the concept of saving (Clarke and
Wright, 1964). The algorithm first calculates theviegs from connecting two customers, then the two
customers are allocated to a route by further gayim algorithm process all non —allocated custsme
are placed only at start end(?) and cost funcBatelculated, the customer with the lowest copuisin
right place, this is repeated until the capacityhaf vehicle allows and then customers not allatatd
be allocated by other vehicles. The algorithm waentextended for fleet size and mix problems.
Difference between fleet size and mix problem sgviand homogeneous problem solving is the
determining of saving. In every iteration of savadgorithm for fleet size and mix problem, savisge-
calculated (Golden et al.). Golden developed savarnigeria of the algorithm in 1984 and four algjoms
with different saving criteria were proposed. Orfigh@se algorithms is realistic opportunity algonits
that is developed in this paper for Green probl&wolden et al.,1984)

4-1-1-GROS | algorithm

In this section the steps of the proposed GR@fdrithm are explained. In order to correct ROS
algorithm in the problem of green vehicle routinglgem, the saving is corrected; the proposed gasgin
presented as relation (17).
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s; =f () +f ())-f(,i)+oWw)F Pz +2,)-2 -2))

w =P(z, +zj)—:’(max{zi Z;}) )
1 if w>0

J(W):{o it w=0

In relation (17):

* f (i ) includes the cost of fuel, driver wage and fixedtsf the vehicle, and it is a tour where node

i is the first or the last node of that tour. (Tetrfunction)
* f (j) includes the cost of fuel, driver wage and fixedts of the vehicle, and it is a tour where

node j is the first or the last node of that tour.
* f (i,j) includes the cost of fuel, driver wage and fixedts of the vehicle, and it is a tour obtained

from the integration of two tours by connectingu® nodes i and j.
* P(z,)is the capacity of the smallest vehicle that caxesthe demand of a tourwhere i is its first or
last node.

. F@) represents the fixed cost of the largest vehitizlwhas the capacity less or
equal to z.

. ow) gets one when the integration of twotours leadsstoa vehicle with more capacity.
The steps of realistic saving of opportunityalduoritare given below.
Step 1: A vehicle is allocated for each of the mo@eistomers).
Step 2: Steps 3 to 6 are repeated.
Step 3: Saving obtained from connecting each phainaaes that have the two following conditions
simultaneously;calculate according to the relafibr).
1. Two nodes should be the starting and finishioigts in the tours
2. Total demand of the two tours that these tweesate its starting and finishing points must xoeed
the capacity of the largest vehicle available.
Step 4: If there are nopositive savings among nagteso step 7.
Step 5: Two nodes that have the highest amourawifigs should be selected
Step 6: Two tours where the two selected nodesharstarting and finishing points of them should be
integrated.
Step 7: The end and displaying the answer.

4-1-2- GROS11 algorithm

Studying saving algorithms shows that theseitlyos are greedy; meaning that in each step alweys
best pairregarding the savings is chosen. Thereforemany cases suitable solutions are not
investigated.Thus, in this paper, the selectiorcgdare to cover the proposed disadvantage is that a
every step nodes are not selected based on thenmmaxisavings. For this purpose, tournament and
roulette wheel selections are used in the seleatfopair of the nodes. In this case, initially aadam
number between “a” and ” b” (“a” and “b” are thergaeters of the algorithm and are the lowest and
highest limit of the number of nodes that have lilghest savings, respectively.) is produced.Thespai
with the highest selective savings (t) are storedriother list. Now from this new list, consideriting
saving and using roulette wheel an edge is chasémtdgrate. This method was implemented on ROS
algorithm and is given as GROS-II in the calculagioln addition to the idea expressed in GROS-II
algorithm, local 2-opt search is also used.
The proposed algorithm steps’ are as follows:
Step 1: A vehicle is allocated for each of the nodes (@u&trs).
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Step 2: Steps 3 to 11 should be repeated until creatiaddtirs related to all customers.

Step 3: Saving results from connecting all pairs of nodastave the following two conditions should be
calculated from Relation (17) and stored in List 1.

1. Two nodes should be the starting or ending pfittte tours

2. Total demand for the two tours that these twdesaare the starting or ending point of them most n
exceed the capacity of the largest vehicle availabl

Step 4: If there were no positive savings among the nogie$o step 12.

Step 5: List 1 must be ordered in a descending order

Step 6: From the interval@, b] ,a(t) number must be selected randomly (in thispap= 2 and b = 6);

Step 7: From the beginning of the List 1, t pairs of nodasst be selected and stored in List 2.

Step 8: In List 2, according to the amount of savings,letie wheel must be used and a pair of nodes
randomly chosen.

Step 9: Two tours where the pairs of nodes selected fioenprevious step are the starting and ending
parts of them, must be integrated.

Step 10: Modified tours must be optimized using local shaeopt.

Step 11: The end and displaying the answer.

It should be noted that the proposed algorithnej®ated several times (in this paper, 10 timeditieme
has been considered) and the results are reported.

4-2- Giant tour algorithm

Giant tour algorithms are examples of “routestfiluster heuristics. GT algorithm is a two-way
algorithm. In the first stage, a tour that williviall customers is produced, traveling salesmatlem is
solved for generating this tour; and in the secstagie the giant tour is divided into sub-tours bfoh
the start and end points are originated. In thst fitage, solving the TSP guarantees that adjacent
customers will be reasonably close as far as rgutrst is concerned.Customerdemands and the fixed
vehicle costs in the second stage will be consildrethis section, an algorithm based on the diaunt
isproposed for green problem.
4-2-1- Green Giant Tour Algorithm (GGT)

Suppose TSP output is the sequence of custamdrd. (1) -L (2) - ... -L (n) -0. COST (k, m) exsises
the cost of placing customers L (k) to L (m-1) isub-tour that is defined as equation (18):

m-2 m-1
COST (k ’ I’Tl) :Cé,s(k) + ZC;(r )s(r+1) +C; (m-l),0+ F (st(f ))
r=k r=k (18)
cj =AfK"N'V "o MM HAE Yac (wy, +E ) +AE B (v'“)2+fd c V"
m-1
In equation (18)d. is demand of node IF,(Z d ) is the cost of the smallest vehicle that can carry
r=k

m-1
demandZdL(r). Co. IS the cost of travelbetween depotandnodec is the cost of travel
r=k

5(1 »L(i)

between nodes i and j. Ifthedemand of a sub-tograater than thecapacityof the largest vehick the
sub-tour is infeasible. For allpossible states,atiqn (18) is calculated. L (1) is the firstcustoine
thesequenceobtainedfrom TSP. For better expreafgonithm of figure(1) is presented.
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Fig 1.An example of Giant Tour algorithm
In Figure (1) the cost of the selected path (setbutith dotted line) is as follows.

2 3
COST (1,4)+COST (4,0)=Cpy i+ D € ¢y ¢+ +CL ot F O A1 () (19)
r=1 r=1

+CoLay tCL ot F dilsy )

5- Computational results

In this section, modified heuristic algorithnre atudied and their performance is evaluatede&ifinix
vehicle routing problem with modified green reatisbpportunity saving algorithm (GROS-II), green
realistic opportunity saving algorithm (GROS-I),é8n Giant Touring algorithm (GGT) are solved fa th
model of this paper. This section proposed hearatjorithm are addressed in small, medium ancelarg
scales. To generate these problems, Augerat prablances was used. For the production of smdll an
medium-scale problems, for the intendednumber deapfrom the beginning of nodes n = 16 has been
removed.In large problem instances, from probletm 4 for the number of nodes intended n=32 from the
beginning of the nodes of the problem Augerat hesnbremoved. For other large problem instances,
from the beginning of the nodes of the problem n&86h Augerat problems, the nodes are selected. The
algorithm was implemented using MATLAB 2012 Softwasn a PC CPU Core i5 and 4GB RAM
computer.In the output display of the program,rthde and the type of vehicle and the objectivefiom
value are determined. Parameters related to furducoption reduction are given in Tables 1 and 2cé&i
the parameters related to fuel consumption reduetie real, in these problems, 3 types of smaltliome
and heavy vehicles are assumed whose parametecsrasiglered according toTable (2). The speeds of
vehicles are eql to their optimal speed accordingable (4).

Table 4.0ptimal speed of different types of vehicles (ifds) et al., 2014)

Type of vehicle Optimal speed
Light duty 13.83
medium duty 15.27
Heavy duty 18.5
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The results of calculations are given in Talleand 6. Table 5 is related to small and mediuraesiz
problems in comparison with the exact solution, daflle 6 is related to large sized problems.Inghes
tables, the percentage of error is calculated frammula 20. It is notable that in the first columinthe
tables (the problem specifications), the first nemis the problem number, and the second number

indicates the number of customers. For example,ntkaning of 1.3 is the first problem with three
customers.

objective —BS 100 (20)

In relation (20), objective is the solution, and B$he solution found by the algorithms studied.

5-1- Theresultsin small and mediumsized problems
In this section, the results of proposed algorghare compared with exact methods. Six problem are
produced according to the descriptions given. ®Eselts of the small-scale problems are given indrab
5. The exact solution is given by using GAMZ softevéSalver: CPLEX).
Table 5.Results ofheuristic algorithms in small and mediizaproblems

Problem Exact solution GROS| algorithm GGT algorithm GROSH | algorithm
S e G SR B e e e Qe s o
1/3 375.7 0.01 3814 0.008 15 375.7 0.001 0 3844 0.1 2.3
2/4 529.4 2.1 532.6 0.009 0.6 529.4 0.001 0 5294 0.2 0
3/5 541.9 4.3 549.4 0.014 1.4 541.9 0.001 0 545.2 0.2 0.6
417 717.7 79.6 740.4 0.02 3.2 742.9 0.001 3.5 717.7 0.3 0
5/8 868.1 1411.2 921.2 0.02 6.1 9134 0.001 5.2 874.8 0.3 0.7
6/10 1047.2 3456 1086.2 0.03 3.7 1094.6 0.002 4.5 1059.3 0.4 1.1
Average 680 825.54 701.87 0.02 2.75 699.65 0.00 2.20 685.13 0.3 0.78

According to the obtained result in small scaletfalée algorithms have low error percentage. Ireggn
the algorithm (GROS-Il) has better mean of errod #arget function compared to GROS-I and GT
algorithms.Although GROS-II algorithm, has increhsmlution time, it brings about obtaining better
target function. The mean of error of the proposlgrithm GROS-II in small-scale problems is0.78%,
which is low compared to the other two algorithimatthave error of 2.75% and 2.2%, respectively.

5-2- Theresultsin large scale

In order to evaluate the performance of largdesbeuristic algorithms, 9 problems were produced
according to the process described and the resalts evaluated. The results are given in Table (6).
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Table 6.Results ofheuristic algorithms at large size protde

GROS| algorithm GGT algorithm GROS-II algorithm
Problem ~QOpjective Solving  Error Objective . Error Objective . Error
function time(s) percent function time(s) percent functior time(s) percent
7/15 1399 004 2 13719 0002 0 13942 05 16
8/20 16723 006 17 16867 0002 25 16443 08 0
9/25 2212 009 8.9 21809 001 73 20312 13 0
10/30 23544 014 46 24472 001 88 22489 28 0
11/40 28243 054 18 28086 003 12 27735 6.1 0
12/50 34729 098 31 35784 005 63 33657 121 0
13/60 43562 18 42 42766 007 23 41773 223 0
14/70 45159 31 18 44881 009 12 44352 374 0
15/80 49172 49 4.3 48528 016 29 47141 571 0
Average 308.5 13 3.6 3076.8 0.0 3.6 2976.0 16.1 0.2

As shown in Table 6, GROSalgorithmhas 1.6% error only in one caaed in the rest of the samy
problems, it could act bettéman the other two algorithn
Two other algorithms have theear error of 3.6% while algorithm GROI$has a mean error of 0.2%
error, andwith respect to the results, it can be that GROSH algorithm hasa better performance
compared to the other two algorithms. Figure 2 shtive performance of the proposed algorit in
terms of error rate.

GROS-| GGT GROS-I] 8 73

7
10 6

. 46
8

4 3.1 29
6 3 23

1.7

2 12 1.2
4 1
5 0

-1 I 2 3 4 5 6 7 8 9
0 )

2 16

1 2 3 4 5 6 7 8 9 3

B:Theerror rate of the proposed algorithms A: Therate of solutionsimproved by algorithm GROS-I|

Fig 2.The performance of the proposed algorithms in tesfresrorpercentag

As Figure (2) shows, in 8 oof 9 problems GROS-II algorithm has beaile to improve thsolutions of
two other algorithms. The average improvemensolutions by this algorithm i2.5%. Figure 3 shows
the algorithm error in differeqgroblem.

6- Conclusion

Increasing consumption of oil producas created significant problesuch as air pollution. Since t
transportation sectordsnsidered aone of the largest consumers of fuel gndducinggreenhouse gas
emissions, tsidies focusing on the reductionfuel consumption and greenhouse gas emissionsaa
positive effects on the environme In this research three heuristic algorigwere developefor Mix
Green Vehicle Routing Proble. Smallscale computational results show that all threeordhyms
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havelow percentage of error and GROS-II algorithhas bettermean of error andtarget function
compared to GGT and GROS-I algorithms. The medheérrors of GROS-I, GGT and proposed GROS-
Il for large size problemsare 3.6%, 3.6% and 0.2%pectively. According to the obtained results, the
proposed algorithmsare efficient
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