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Abstract: Last mile supply system takes great importan¢berdesigned supply chain management, especialeihig
urban areas, where various goods delivery locagbosild be tackled. Transportation routes and \ehijglay a critical
share in the optimization of the energy spent ia gystem because it is considered a complicateel dae to its high
solutions possibilities. Also, part of these treorsprocesses is considered reverse logistics, evier goods take the
way back, starting from the customer. Using a nmedaktic optimization is usually a good way to egse operations
efficiency and save time and energy, next to rgismstainability. Within this paper, the last nslgply system within
urban areas focusing on the goods' delivery areatain tasks is presented. The model design ixithes, mathematical
optimization modelling is detailed, and a casestodnvestigate the impact of using diesel andteifetrucks on energy
efficiency is solved. After an introduction and ehetical background that includes a brief literatreview, the designed
system and used methodology are described. Thendessystem incorporates cloud computing, reaksoot vehicles,
analysis of collected data, energy consumptiomapétion, and time windows. Also, a mathematicatigiés developed
with the aim of optimizing the total energy constimp. Real thirty locations in Budapest in the Wistrict are described
and used as a case study for finding the solutibtise optimized taken routes and energy consumfitjothe genetic
algorithm for both diesel and electric trucks.he £nd, the results are analyzed and comparedsagaiandom solution
to clarify the presented optimization's effectivesne

1 Introduction and theoretical background supply chain, and it involves a particular sharethuf
The city logistics area is a rich topic to tackieda Overall delivery cost and energy. Industry 4.0 ayafiilons
research regarding its diverse implementationgaafyy ~allowed the possibility of reducing the time of theder
during recent years because of the numerous variggecution within the real-time handling of operkeeisi the
innovations in both transportation and Industry @@as. Package delivery service providers' network. Thenef
The renewable energy evolutions in transport vekitike the last mile logistics optimization shows sigrafnt
e-cars create a wide scope to adopt them in théogjistics ~ potential for researchers, and it creates a ctgaléor them
applications considering the relatively shortetatises in [3]. Depending on the energy efficiency’s significa of
the city logistics area compared to the outsidéesit last mile services that are represented by pacttelyeery
Moreover, Industry 4.0 applications, which dependie Service prowders,llt_ is expressed that this retearea is
Internet of Things (I0T) and artificial intelligeacsupport SO Vvaluable. The rising value of resources, cost,pwer
innovating smart solutions to shorten the requiireé and in supply chain applications and the purpose oéatetg
road distance while collecting and analyzing infation at design and operation strategies enforced in rew-tire
the same time, giving the capacity to examine ti@mthe ~Strong motivations for researching this area [4alRime
other hand, sustainability is a critical topic that intelligent scheduling in the last mile dellve_ry svalso
represented in the Sustainable Development GoRIG¢s Presented [5] as a developed methodological approac
such as the $1goal, "sustainable cities and communitiesPased on the Industry 4.0 applications. Dependimg o
[1], which gives it a priority to be tackled in eesch. The Systemic literature review [4] that was based orl 23
investigation of reducing the spent power, emissiamd articles, more attention and research were requirehe
contamination aspects was advised to be reseafehigsl last mile supply area, especially with considerihg
positive influence on the climate and environmenihetaheuristic algorithms for energy efficiency asp&he
Studying these new solutions has significantlyemis genetic algorithm (GA) was presented as an effectiv
many aspects for showing the importance of applfiegn Metaheuristic algorithm in many fields [6], such as
in reality [2]. Last mile logistics is the latesage of the Operation management, scheduling, and inventortraion
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An important aspect of the last mile transportai®n
reverse logistics (RL) that is one of its definitsois [7]
“the process of planning, application, control d¢fet
operation, cost and flow of raw materials, the itoey
process, finished products, the information relafesm
the point of consumption to the point of origin,rezover

or create value or proper disposal”. RL has distinc

characteristics, for example, critical uncertaistié time,
quality, and quantity supplying next to the opemasi

Using metaheuristic optimization is considered an
effective method to optimize the last mile
transportation processes. The GA showed strong
optimization results in many areas including the
logistics area. Also using the direct lines (nalye
distances between the location is a common way to
be used in previous research.

Electric vehicles showed promising leverage for
raising energy efficiency. However, further resbarc

complexities. A framework founded on the reversessh
of distribution starting from the producer untiéthser and
backward to the producer was proposed [8]. It @efithe

motivation types mainly as the economic amount System description and methodology
governance legislation, and ecological image, while The |ast mile transportation system expresses the
disposal kinds were defined as reuse, repair, legyand  gperations that take place under the city logistiggect.
re-manufacturing. Another framework for RL defirfe®  \yhjle the goods storage station represents thedstion
directions: (1) return causes; (2) reception bO@) of where the goods are to be delivered to the §pdci
product types and their characteristics; (4) renpve|gcations, RL also happens to be collected frontiéipe
operations and settmgs,_and (5) involved actotsthair  |5.ations to be moved to the goods storage stafibis
roles_ [9]. In order. to clarlfy.the RL problems amelvelop system is represented as a scheme in Figure leRant
solutions, modelling techniques were used [10], het  nsumed time are calculated depending on OpeneRout
prime problem is the need for a high number ofal#léls  geryice, which gives real distances and time. Saisice
considered. In a study [11], five strategic opemateere ;¢ developed by HeiGIT gGmbH [15].

considered S|gn|f|cant for the RL that are envw_etmlnl The locations express both types of goods' deliaady
concems, quality, costs, —customer service, angection. It shows how RL operations were intégga
polltlcqlll_egal considerations. Also, RL was _resdmaeld into the supply system. Cyber management exprabges
[12] within the cor_nposed frameyvork of environmental|,ud system where the data are stored, analyzeti, a
operators (regulation and environment respect) aRdicylated. Therefore, information flow is consitbr
business operators (customer satisfaction anctl3].  petween the cyber management and 10T tools within t
However, a need for further research on the asmfctssystem parts, such as the trucks and goods stetatjen

strategic and organizational frameworks of RL waga is ysed in this system to calculate the optimhizeergy
confirmed [14], which includes integrating the Rithe efficiency  solutions for doing the goods'

designed supply system, for instance. ConsideringoR g|ivery/collection. However, in this study, an e
sustainable aspect was confirmed [9] as one ofta® gt is used regarding the iteration number. Idsta
factors in the city logistics area, particularorfi an  raising the iteration number to reach better restitree
Industry 4.0 technologies point of view. _runs are done, and the best value will be seleatethe
The following points sum up the presented theaatic o yiimized result. The optimization is representeBigure
background in the chapter: _ _ 2 next to the used locations’ order coding for twecks
* Last mile transportation operations are a rich &ea case that is applied in the case study of thislartifter
research considering its various application aotbto e separation of the two trucks' location ordere
to be adopted especially considering the innovatigcations will be reordered separately, considetina
Industry 4.0 technologies and applications. location 0 is the start and end location for baticks.
*  While RL takes a primary share of the transportatioTherefore, the last location is transferred intoaféer
applications in city logistics, it still requiresar®  separating the two locations' orders. This procisss
research to investigate its results and effects. illustrated in Figure 2, which is more detailed in
mathematical modelling.

on this adoption and its effects is required td fout
deeper outcomes.
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Figure 2 GA optimization methodology

This chapter presented the designed system a@thapter four presents a validation for the mathemlat
methodology. Chapter three details the mathematicalodeling for 30 locations in VII District in Budagteby
modeling of this system to optimize energy efficign using diesel and electric trucks. A random soluisoto be
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used to compare the optimization efficiency. Chafite  from and returns to a specific same location [T8f used
discusses the results and expresses the possitherfu model of this study is detailed in this chaptereven is
research directions. Finally, a summary that sum¢his the visited locations' number amd is the used trucks'
study. This scientific contribution that defineg thim of number by homogeneous trucks that are definel as
this paper is summarized in the following points: {1,2,..,m}, the mentioned trucks are stationed at the

1. Designing last mile goods transportation systegjoods storage station at the beginning. The indéx s
with integrated RL operations. This system considef0,1,2,...,n} refers to the locations wheigj € I. i = 0
incorporated Industry 4.0 technologies such as d0@l refers to the goods storage station location. Famhe
cloud data analysis. location, there isq; goods' quantity that should be

2. Presenting an elaborated description for thgelivered/collected. The positive value refers tw t
mathematical model depending on the efficiencyhef t delivery task, while the negative value refers he t
spent energy and designed system. It is important gollection task.D;; refers to the real road distance from
mention that part of the mathematical model is &bp |ocation; to locationj, wherei # j, and it should have a
from previous research [16] while the parts areetiped non-negative value.

within this study. The model of this study considers the capacityath b
3. Employing the actual routes method betweefpe trucks and the goods, where:

Iocation_s in c_ity Iogistics applications. ipstead e . . refers to the maximum goods' amount that is
conventional direct lines to achieve realistic HsstAlso, possible for the trucks to transport.

a case study of 30 locations in VII District in Buymbst is oy Tefers to the maximum goods' amount in each

discussed and analyzed. location that is possible to be tackled.

4. Finding the optimized energy consumption by . diionallyv. th del ts a time limit adl
using the actual real routes by GA algorithm fahbdiesel Whelrleqna y, the model presents a time fimit asiwe

3\/?,{?] G;eccéggiggﬁﬁs ‘?gtrhaargsggéog)?izfﬁnﬁg:je?\zgn Tmax refers to the maximum specified time for the
9 : whole process.

optimized solution was updated with an explanatibtine £, refers to the time that is taken by truck k tsfin

used coding system. its route and go back to the start location.

The total energy consumptioiTK) is the defined
objective function where it aims to be minimizetkefers
to the spent kWh by the used trucks during the good
delivery/collection system, which is found depemdon
the distance length, and specific fuel consumptida [2].
% he following mathematical modeling is based orvianes
research [16] that tackled a waste managementnsyste
Within this study, the previous model was adoptad a
Weveloped to tackle the described system in chapter
This modeling has two decision variabl&g;, that is 1 if
vehiclek proceeds from locatianto locationy; otherwise,
itis 0.Y;, thatis 1 if location is part of the vehicl& route;
otherwise, it is 0.

The objective function is described as:

3 Mathematical modelling

In the vehicle routing problem (VRP), it is worked
finding the shortest travel distance roads withtisig in
and returning to the same place for serving a grafup
customers [17]. The VRP has been applied in vario
applications, including but not bounded to cityitbigs
goods' delivery and collection.

However, there is a second way where a fe
researchers considered the goods' delivery/callecti
problem to be an arc routing problem (ARP) instegithe
VRP which is called a node routing problem. Thengri
variance between ARP and VRP is that the concémtrat
goes on the routes instead of nodes in the ARRusedae
vehicles carry out their provided services whilavéersing
the routes. Therefore, the goods' delivery problem
considers the clients are located over the roaals, &n arc
point of view not at the nodes. Overall, becauseettis a ) ] N .
specific set of locations that should be servicedhis whereD;; is the real distance from locatioto location
study; hence, the VRP model was selected. Furthesrito  J, Xijx is the decision variabléd, is the number of trucks,
particular situations, the tackled locations' dgnever a and c/;; refers to the specific fuel consumption that is
specific street is very big that the better apphofar defined as
solving the routing problem is the ARP insteadhef YRP
[18]. _Such situations do not appear in this stLag/,the ik = Chmin + (Chmax = Chmin)/ Chomax)Qijic/
locations are somehow scattered around the citjecen (Giin/<E ) + € — i) @)
Also, the CVRP is considered as an adoption ofR® kel “kmax bk
while applying capacity constraints. The CVRP imr ouwherec,fmin andcl, _refer to the lower and upper bounds

mentioned system is identified as goods deliverd an . " fer X .
collection from and to a group of locations usin within the specific fuel consumption depending dwe t

homogeneous trucks that have a specified capaditigh Wweight of the goods, ang;,, represents the weight of the
is not possible to be violated; each one of thesks starts

TE = Xitq Xl X7y Xijie- Dij. ¢l » min - (1)
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goods picked up by trudk when moving from location

to locationy.

Subject to the following constraints:

Equation (3) ensures that only one vehicle visrerg
location. Equation (4) states the condition of gurity.
Equation (5) states that the truck does delivegcblthe
goods at the visited location. Equation (6) stalied the

toXker Xijxk =1 VjEI (3) carried goods within the tour should not overrue th
"Xk =X Xy = Yy VieL k€K (4) capacity of the vehicle. After the last Iocati_oni'sited, th_e
moST i — Yol g =¢ ViEL  (5) truck returns to the_ goods storage station accgrmr']
S cXy SC V€L kEK ©) equation (7). Equation (8) ensures that the totaldg
noym oy g ) weight for the allocated locations is less thandierall
=1 &ke=1 Ci0k capacity of used trucks. Equation (9) states thattaken
i=1qi < Xie=y Cie ®)  time by each truck does not exceed the allocated for
max(ty, ty, - tm) < Tax (9)  the process. Used notations are illustrated inerbl
Table 1 Used notations
Notatior Descriptior
n Visited locations overall numb
m Trucks overall numbe
K The indices group represents tru
1 The indices group represents visited locat
i,j el Two arbitrary indices denote a visited locat
keEK An arbitrary index of a truc
q; A value representing the goods weight of locai.
A non-negative amount represents the goods' weightickk while moving from
ijk locationi to locationj.
C The truck's maximum capacity of goods.
Toax The specified maximum time to finish the entireqess.
ty The time that is taken by truk to finish its route and go back to the start lama
Qmax The maximum goods' capacity in each location lsetdacklec
X A decision variable that is 1 if vehickeproceeds from locatiohto locationj
ik otherwise, it is (
Y; A decision variable that is 1 if locatid is part of vehiclek route, otherwise, it is |
TE Total optimized energy consumpti
clik The specific fuel consumption for trugkwhen moving from location
L Specific fuel consumption's lower bound.
Ch g Specific fuel consumption's upper bound.

4 A casestudy in Budapest /. ; (

For validating the presented mathematical model, &oper bounds of specific fuel consumption are atersd
case study that consists of thirty locations in Wié
District in Budapest is described and analyzed. adiaal
real routes are used to find the total optimizedrgy
consumption of the used trucks in kWh by using @#e

metaheuristic algorithm. The solutions are to hagared
against a random solution for each case to outliee

optimization efficiency. Within this case, the lawand

the same as in a previous study [2] while assuraimg
average speed of 25 km/h in the city center. The ti
window is an essential consideration since there is
interaction with customers, moreover, electric kaibave
limited operational time usually depending on thxittery
capacity. Used truck specifications are presented i
Table 2.

Table 2 Used truck specifications

T T
Ckmin Ckmax

qmax C Tmax

Diese 20 kWh/knr | 41 kWh/knr | 100 k¢ | 600 ke | 3 hour

Electrica | 11 kWh/knr | 18 kWh/knr | 100 kc¢ | 500 k¢ | 2 hour:

For obtaining the locations' data, a generatinchowt between those two selected locations. Additionallsircle
was used [16]. Two geographical locations wereeh@s was shaped depending on the calculation of thericent
geographical boundaries to find the locations' datie

VIl District in Budapest. The Haversine formula wased

location over the segment amidst the two boundariesn,
the locations were generated in the circle boundary

to calculate the diameter depending on the distancandom way using a uniform distribution. After thete
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generated locations were ensured that they repgresgn20 | 47.50912 | 19.08183 -17
convenient locations on the map, and a few of thare 21 | 47.50890 | 19.08300 81
manually adjusted. The goods' weight in every locat 22 | 47.50836 | 19.08363 52
was generated following a uniform distribution irmadom 23 47.5060' | 19.08460 76
way as well. Table 3 shows the goods' weight aedt th| 24 | 47.50493 | 19.08559 14
locations. 25 47.50321 | 19.0845! 43
Table 3 The goods' weight and their locations 26 | 47.5024 | 19.0853 S
ID Latitude | Longitude | Goods' weight (k¢ gg j;gggg? iggg;ig 3?;
0 |47.50137 | 19.09315 - 29| 4750155 | 19.06560 40
1 | 47.49759 | 19.05589 33 30 | 47.5056. | 19.06968 40
2 47.49813 | 19.05751 -9
3 47.49760 | 19.05847 74 For implementing the GA, the following parameters
4 47.49639 | 19.05936 88 were considered: population size is 100, the crasso
S 47.49768 | 19.06082 -68 probability is 40%, mutation probability is 20%,eth
6 |47.49842 | 19.06121 67 number of iterations is 100, and the selection oetis
7| 47.50000 | 19.05998 71 tournament selection. The utilized machine has 7n i
8 | 47.49927 | 19.06474 -17 7500U 2.70 GHz processor, and 8 GB of RAM.
9 47.49743 | 19.06760 1
1C | 47.4969. | 19.06834 20 4.1 Thefirst case of diesdl trucks
11 | 47.49860 | 19.06973 52 In this case, two trucks were needed. Total condume
12 | 47.49835 | 19.07372 -4C energy, total distance, needed time for the procarsd
13 | 47.49947 | 19.07427 29 initial weights for each truck, in this case, avensarized
14 | 47.50038 | 19.07340 -18 in Table 4. Execution of the whole code is 14.62lso,
15 | 47.50421 | 19.07497 19 the total energy and distance for a random solugien
16 47.50262 | 19.08045 8 mentioned.
17 | 47.50298 | 19.08140 -40 Figures 3 and 4 show the actual routes for theroptid
18 | 47.50548 | 19.08211 61 solution and random solution of this case. Red lzlnd
19 | 47.50770 | 19.08125 37 colors are used to distinguish each truck's route.
Table 4 Results of dieselicks case
Total energy Total distance Time Initial weight | Initial weight
(kWh) (km) (min) (Truck 1 (Truck 2
Solution ! 606.1769 29.2470:. 50.0¢ 10t 197
Solution : 534.2343 25.94166 39.331 152 150
Solution3 548.8817 26.3379. 43.331. 157 14t
Optimized solutio 534.2343 25.94166 39.331 152 150
Random solutio 1429.4062 66.165! - - -

Figure 3 Optimized solution for the first case i

&

L}

Figure 4 Rando

i ).‘. :l i, R 0 T
m solution for the first case (digsel
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4.2 Thesecond case of €ectric trucks total energy and distance for a random solution are
In this case, two trucks were needed as well. Totalentioned.

consumed energy, total distance, needed time fer th Figures5and 6 show the actual routes for theropeid

process, and initial weights for each truck ares@nged in  solution and random solution of this case. Red lalod

Table 5. Execution of the whole code is 13.95 soAthe colors are used to distinguish each truck’s route.

Table 5 Results of electric trucks case

. . 1 Initial weight | Initial weight
Total energy (kWh)| Total distance (km)  Time (min) (Truck 1 (Truck 2
Solution ! 289.8513 24.7695 45.7 217 85
Solution : 326.8291 28.4222! 42.2 187 11F
Solution3 298.9156 25.3157! 39.¢ 20¢ 94
Optimized 289.8513 24,7695 45.7 217 85
solutior
Random solutio 707.68439 59.8301. - - -

o

distance where OS refers to the optimized solwimhRS
refers to the random solution.

1600
1400
; 1200
] 1000
800
600
' , 400
* 7 G, e g ol =Ll 200
Figure 5 Optimized solution for the second casectei) Diesel 05 FlectricOS  Diesel RS Electric RS
=@==Total energy (kWh)
Figure 7 Calculated total energy
70
60
50
40
30
: e B g el 20
Caviadathy Lt p P b b R R Diesel OS  ElectricOS  Diesel RS  Electric RS
Figure 6 Random solution for the second case (&bct
. . =@ Total distance (km)
5 Discussion and further research . .
The results showed a big difference between the Figure 8 Calculated total distance
optimized and random solutions. The random solstion
Figures 4 and 6 showed numerous overlaps in tieetsel The results express two aspects to be compared. The

routes, which explains why there is a raise inrthesults ~ first is the optimization efficiency of GA with thendom
compared with the optimized solutions. Figures @ &n Solution comparison. The results expressed minigittie

express the differences for calculated total eneaggt total energy as 37.3% and 40.95 % compared tatigom
solution for diesel and electric cases respectivilso, the

results expressed minimizing the total distanc8%2%
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and 41.4 % compared to the random solution foretieasd  finding the solutions of the optimized taken routesl
electric cases respectively. Second, comparinglidsgel energy consumption by the genetic algorithm forhbot
and electric cases efficiency. The results exptessdiesel and electric trucks. In the end, the reswise
minimizing the total energy as 54.26% in the eleatase analyzed and compared against a random solutidariéy
compared to the diesel one. However, in the tatéhdce, the presented optimization's effectiveness.
the results were very similar. The results expressed two aspects. First, regathing
GA algorithm showed high efficient results in theoptimization efficiency of GA with the random sobn,
optimization of this case, especially considerirge t results expressed minimizing the total energy a3%and
applied upgrade where 3 solutions were done at tH€.95 % compared to the random solution for diesel
beginning to have a higher chance to exclude asgiple electric cases respectively. Also, the results esged
local minimum points. The execution time is relaliv minimizing the total distance as 39.2% and 41.4 %
acceptable since it will be done before the begigioif the compared to the random solution for diesel andtedec
process. However, even with conceding real-timeatgs] cases respectively. Second, regarding the diesdl an
new runs to calculate updated routes are possitaéectric trucks' efficiency, the results expressgaimizing
considering that it takes about around 15 secamdsach the total energy as 54.26% in the electric casepened to
the results for 30 location cases. The electrickisilshowed the diesel one. However, in the total distance,rédselts
a very positive impact on energy reduction, whigpports  were very similar.
adopting them widely in reality. However, possible Depending on the achieved results, the authors
challenges to this adoption may happen, thereforescommend the adoption of electric trucks in tiy @énter
analyzing real-life cases of electric truck us@nisresting for their positive impact on the environment by ingv
to find out the accrued trouble. The designed systespent energy. Also, optimization is widely used in
tackled the last mile supply system, RL operationsity  transportation and logistics, however, raisinggfiigiency
logistics, analysis of collected data, vehiclesuakreal of the used optimization method next to widen #ukled
routes, energy optimization, and time window. Byngs data like including reverse logistics in the tadkystem
actual real routes, further realistic and practiegults is highly recommended. This study's limitationslucie
were ensured. the following: first, using a single objective fuion while
Possible further research on this topic is reconteén there is a possibility to use multi objectives optation
in three directions. The first direction, calculgtiaccrued that would make the model more complicated but with
emissions since the emissions reflect directly ba t further details and consideration for reality. SeboGA
sustainability aspect with considering the expectddas many parameters to be specified while thera is
footprint difference between the electric and di¢sek. possibility for more efficient parameters includirige
The second direction, since the optimization preakses iteration number. Third, assumptions with average
not have a limit to stop at, refinements in thesprded numbers were used to analyze the trucks' tasks It
mathematical model and the used GA algorithm strect possible to use other types of trucks with moreitést
are possible to be researched. Also, using hybrapecifications. Fourth, while the case study is thaper
algorithms is possible to be investigated as thieyved counted on real locations in Budapest, many assangpt
promising outcomes in different cases [20]. Thedthi and considerations were used as well. Finding laceese
direction, analyzing real-life case studies thatelectrical where electric trucks are used would be interesting
trucks takes special importance as it is posstbkntlyze collect and analyze real data regarding the trumkd
and find out unexpected problems. goods.
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