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MODELING DAILY DYNAMICS OF SPEED AND FUEL
CONSUMPTION FOR URBAN DELIVERY MEANS

Lidiia Savchenko, Miroslava Semeriahina, Irina Shevchenko. “Modeling daily dynamics of speed
and fuel consumption for urban delivery means”. Road transport is one of the most important elements of
the functioning of a modern city. Maneuverability, mobility, speed of delivery of goods and other criteria have
provided him with a special and leading place in urban logistics. However, along with the benefits of a developed
transport network for society, its progress is accompanied by negative consequences for the environment and
the population of the city. High rates of growth in the number of cars, especially in large cities, cause an increase
in emissions of harmful products into the atmosphere, which, accordingly, negatively affects the health of the
population. Consequently, the problem of environmental pollution in large cities from harmful emissions from
vehicles requires an urgent solution.

The increase in emissions of harmful substances is affected by an increase in the consumption of fuel
materials due to a decrease in speed because of an increase in traffic density in the city. The frequency, duration,
prevalence of congestion is increasing along with the urbanization of the population and the increase in the
number of cars in cities. The dense development of the central historical districts of the city exacerbates the
problem of unhindered passage of individual, public and freight vehicles. In addition, a decrease in the speed of
city traffic affects the speed of delivery of goods, correspondence, etc., which negatively affects the speed of
business processes, and ultimately worsens the level of logistics services for customers.

The purpose of this study is to analyze the current situation in terms of the dynamics of the average speed
of the city's traffic flow by hours of the day and to obtain a mathematical model of the dependence of the speed
of movement on the consumption of fuel materials for various environmentally friendly means of urban delivery
(car, motorcycle, bicycle and pedestrian courier).
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The research was carried out in two stages. At the first, the study of the dependence of the average speed
of movement in the city on the time of day (for all means of city delivery) was carried out. At the second stage,
the study of the dependence of the average consumption of fuel materials in the city (which, accordingly, is a
function of the speed of movement) on the time of day for motorized urban delivery vehicles was done. In the
course of the study, at each stage, an equation of the trend lines was obtained with a sufficient approximation
accuracy.

In conclusion, the study proposes an algorithm for determining the average speed and average amount
of fuel consumption when delivering small consignments in an urban environment using four urban logistics
means - a car, a motorcycle, a bicycle, and a pedestrian courier (with the possibility of using public transport).
The proposed algorithm can be applied in any delivery conditions in the city.

Keywords: urban logistics, urban congestion, traffic speed, vehicle emissions, dynamics of traffic

speed in a city, average fuel consumption, trend line equation.

Jlidia CaeyeHko, Mupocnaea Cemepszina, Ipura lllegeuyeHko. «MoodenioeaHHa 0eHHOI OUHAMIKU
weudkocmi i eumpam nanuea 3acobie micbkoi docmasku». ABmomobinbHUl MpPAaHcnopm € 0OHUM 3
Haleaxnuegiwux enemeHmi8 yHKYIOHYBAHHA Cy4acHo20 8euko2o0 micma. MaHespeHicme, mMobinbHicme,
weuoKicme 0ocmasKku 8aHmMaxie ma iHwi kpumepii 3abeanequnu tomy ocobnuge ma nioupytode micye y
Micobkit nozicmuui. [lpome, pasom 3 nepesazamu, wjo 3abesnedye Cycninbcmay po3guHyma mpaHcnopmHa
mepexa, ii npozpeCc Cynpo8OOXYEMbCA He2amueHUMU HACTIOKAMU O/ HABKOIUWHLO20 NPUpPOOHO20
cepedosuwa ma HacesneHHs micma. Bucoki memnu pocmy kibkocmi asmomobinis, 0cobsiugo y senukux
Micmax, 3yMo8s1i010me 3p0CMAHHA 8UKUOI8 WKIOU8UX NpoOyKmie 8 ammocghepy, Wio 8i0no8ioOHO He2amugHoO
8nNIUBAE HA CMAH 300po8'a HaceneHHA. Omxe, npobsema 3ab6pyOHeHHA O0BKi/IIA 8e/UKUX Micm 8i0
WIKIOIUBUX BUKUOI8 ABMOMPAHCNopmy 8UMA2ae Hes8ioK/Ia0HO20 8UpPILUIEHHH.

Ha 36inbweHHa 8UKUOI8 WKIOIUBUX pe4yOB8UH 8NJIUBAE 30i/IbWEHHA sUMpPAmM NAJusHUX Mamepianis 3a
PAXYHOK 3HUXEHHA WeUOKOCMi Yepe3 3pOCmaHHA WinbHocmi pyxy 8 micmi. Yacmoma, mpuganicme,
pO3N0BCIOOXEHICMb 8YIUYHUX 3aMOpi8 3pocmarme pa3om 3 ypbaHizayiero HacesneHHa ma 36inbuweHHAM
Kinekocmi asmomobinie 'y micmax. LUineHa 3abydosa uyeHmpasbHUX iCMOPUYHUX patioHie Mmicma
3a2ocmprotome npobnemy 6e3nepellkoOH020 npoi3dy iHOUBIOYAsIbHOR2O, 2POMAOCbKO20 MA 8AHMAXHO20
asmompaHcnopmy. Kpim mozo, 3HUXeHHA WeUOKOCMI MiCbKo20 pyXy 8nJUBAE HA WBUOKiCMb docmasku
8aHMAXi8, KOPECNOHOEHYiI moujo, a ye He2amusHO NO3HAYAEMbCA HA WeUOKocmi b6i3Hec-npouyecis, a y
KiHUe80OMY paxyHKy nNOz2ipuye pigeHb 102icmu4H020 cepsicy 014 K/lieHmIs.

Memoto 0aHo20 0ocCniOxeHHA € aHani3 icHy4Yoi cumyauil Woodo OUHAMIKU cepeOHbOI weuoKocmi
MPAHCNoOpMHO20 NOMOKY Micma 3a 200UHamMu 006U Ma oMpUMAHHA MamemMamuyHoi Mooesi 3anexHocmi
weuoKoCcmi pyxy 8i0 8umpam nasausHux mamepiasnie 019 pi3HUX eKOJI02iYHO OpPYXHiXx 3acobie micbKoi
docmasku (nezkosuti aBmomobinb, MOMOYUKJ, 8esocuned i niuloxioHul Kyp'ep).

JocnioxeHHa nposodusoca y 08a emanu. Ha nepwiomy npo80o0ousioca 8usHeHHs 3a1eXXHOCMi cepeoHbol
weuokocmi pyxy micmom 8i0 4yacy o0obu (0na ecix 3acobis micbkoi docmasku). Ha opyzomy - susyeHHA
3an1eXXHOCMi cepedHbOoI BUMPAMu nNAanausHUX Mamepiasnis y micmi (AKi, 8i0nosioHo, € hyHKUjE0 weudkocmi
pyxy) 8i0 yacy 0obu 019 MOMOpPU308aHUX 3acobie Micbkoi docmasku. [1i0 4ac 00CiOKeHHA HA KOXHOMY emani
OMPUMAHO PiBHAHHA NiHIiG mpeHOy 3 00CMAMHbOI0 MOYHICMIO anpoKcuMauii.

Ha 3akntoyeHHs y 00CnioKeHHi 3anponoHOBAHO A120pUMM BU3HAYEHHS CepeOHbOi Weudkocmi ma
cepeOHbOI KiflbKOCMi sumpam nasaugHUX Mamepiasnie nio 4ac 0oCmasKku HesesUKUx napmit y micbKomy
cepedosuWi 3a 00NOMO20t0 HOMUPbLOX 3acobi8 MiCbKOI J102iICMUKU — /1e2K08020 ABMOMOOGINA, MOMOYUKA,
geslocuneda ma niwo2o Kyp'epa (3 MOXJ/IUBICMIO BUKOPUCMAHHA 2pOMAOCbKO20 mpaHcnopmy).
3anponoxogaHuti anzopumm mMoxe 6ymu 3acmocosHull y 6y0b-AKUX yM08ax 00CMAasKu MiCmom.

Knrwuoei cnoea: micbka noricTvka, MicbKi 3aTopu, WBUAKICTb PYyXy, BUKWAM aBTOMOOINbHOro
TPaHCNOPTY, AMHaMIKa LBUAKOCTI PyXy B MiCTi, CEpefHi BUTpaTU Nanunsa, PiBHAHHA NiHil TpeHAy.

Jluous CaevyeHko, Mupocnaea Cemepszuna, UpuHa LlleeyeHko. «Modenupoeanue OHeeHOU
OUHAMUKU CKopocmu u pacxoda monsiuea cpeocme 20poodckoli docmasku». AsmomMobusibHbIl
MpaHcnopm sAe8/78emcs 00HUM U3 BAXXHEUWUX 3/71eMeHmo8 (yHKUUOHUPOBAHUS COBPeMeHHO020 20po0d.
MaHespeHHOCMb, MOOUIBEHOCMB, BbICMPOMA 00CMABKU 2py308 U Opyaue Kpumepuu obecneyusiu emy ocoboe
u ludupyrowjee Mecmo 8 20poockoli ioeucmuke. OOHAKo, BMecme ¢ npeumyuwecmeamu, obecneyusaowumu
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obwecmasy pazsumas mpaHCNOPMHAs cemMs, ee NPozpecc CONPOBOXOAemcs He2amuegHbIMU NOC/Ie0CMBUAMU
0na  okpyxatouwjeli npupoOHoU cpedbl U HAceseHUA 20podd. Bvicokue memnsi pocma Kosnuyecmea
asmomobusiel, 0cobeHHO 8 KpynHbix 2opodax, obycnasnusarom pocm 86i6pocos 8pedHbiX NPOOYKMOos 8
ammocegepy, Ymo coomseemcmeeHHO oMpuUUAMeIbHO CKA3bledemca HA COCMOAHUU 300pP08bA HACE/IEHUS.
CnedosamesnibHO, NpobiemMa 3a2pA3HeHUA OKpyXatowel cpedsl KpynHbIx 20p0008 O0m 8pPeOHbLIX 8bI6POCO8
asmompaHcnopma mpebyem 6e3o0msiazamesibHO20 pelieHUsl.

Ha ysenuderue 8b16p0co8 8pedHbix 8eliecms 8/iusgem ygesudeHue pacxood moniugHuIx Mamepuanos
30 c4Yem CHUXeHUs CKOpocmu U3-3d pocma njaomdocmu OsuwxeHus 8 e2opode. Yacmoma,
NpOOO/IKUMENIbHOCMb, pACNPOCMPAHEHHOCMb Y/IUYHbIX NPObBOK 8o3pacmarm emecme ¢ ypbaHusayuel
HaceseHus u ygenudyeHueMm Kosuvyecmea asmomobusieli 8 20podax. [nomuaa 3acmpolika UeHmMpanbHbIx
ucmopuuyeckux patioHos 20poda obocmpsaem npobnemy becnpenamcmaeHH020 npoe30a UHOUBUOYASTbHO20,
obwjecmeeHHO020 U 2py308020 asmompaHcnopma. Kpome moeo, CHUXeHue CKopocmu 20p00CK020 08UXeHUS
e/iugem HaA CKopocms 00CMABKU 2py308, KOPPeCcnoHOeHYUU U m.n., Ymo He2amugHO CKa3wleaemcsa Ha
cKopocmu 6u3Hec-npoyeccos, a 8 KOHEYHOM cyeme yxyowlaem YyposeHb J102UCmuyYecKkoz2o cepsuca 01A
KiueHmos.

Llenbio 0aHHO20 uccne0o8aHuUsA A8/19eMCcA AHANU3 cywecmayrowel cumyayuu no OUHAaMuke cpedHel
CKOpOCMU MPAHCNOPMHO20 NOMOKA 20p00a NO YAcam CymoK U noJlyyeHUr0 Mamemamuyeckol moodesnu
3a8UCUMOCMU CKOPOCMU 08UXEHUA Om pacxo0d MONJIUBHbIX MAMepuanos O0/A PasHbiX 3KO/I02UYecKu
Opy)xecmeeHHbIX cpedcma 20po0cKoli 0oCcmasku (ne2kogol asmomobusib, MOMOUUKJ, 8esocuned U
newexooHsblIl Kypbep).

WccnedosaHue nposodusioce 8 08a smana. Ha nepgom nposoousioce usyyeHue 3asucumocmu cpedHet
CKOpocmu 08UXeHUS No 20p00y om s8pemMeHU Cymok (0715 8cex cpedcma 20podckoli docmasku). Ha amopom —
usyyeHue 3asUcCUMOCMU CpedHe20 pdcxo0d MOoNJIUBHbIX Mamepuanos 8 2opode (Ymo, COomaeemcmeaeeHHo,
Asnaemca yHkyueli ckopocmu 08UXKeHUS) om 8peMeHU CymoK 0718 MOMOpPU308AaHHbIX Cpedcme 20po0cKol
docmasku. B xo0e uccnedosaHus Ha Kaxx0oM 3mane nNoJy4YeHo ypasHeHue JUHUU mpeHOa ¢ 00cmamoy4HouU
MOYHOCMbIO ANNPOKCUMAYUU.

B 3aksioueHue 8 ucciie008aHUU NpedsioxeH anzopumm onpeodesieHus cpedHeli CKoOpocmu U cpeoHez0
KoJluyecmaa pacxo0a monJiugHbIX Mamepuasnos npu 0ocmaske HebobLWUX napmud 8 20podcKol cpede ¢
nomMouwjblo Yemoipex cpedcma 20p0OCKOU JI02UCMUKU — J1e2K08020 d8MOMOb6UJIA, MOMOYUK/IA, 8e/10cuneod u
newezo Kypbepd (C 803MOXHOCMbIO UCNOb308AHUSA 0bWecmeeHHo20 mpaHcnopma). lpednazaemoil
anzopumm moxem 66ime NPUMEHUM 8 J1H00bIX YC/108UAX OOCMABKU NO 20pO0Y.

Knrouesbie cnoea: ropopackas NOrMCTUKa, rOPOACKME MPOOKKU, CKOPOCTb ABMMKEHUA, BblOPOCHI
aBTOMOOWNIBHOIO TPAHCMOPTa, AVHAMMKA CKOPOCTU ABMXKEHUA B ropofe, CpegHune pacxofbl TOMUBA,
YPaBHEHVE IHWN TPEHAA.

Introduction. A decrease in speed due to
growth in traffic density in the city leads to an
increase in fuel consumption, and as a result,
to an increase in emissions of harmful
substances into the environment, which
negatively affects the health of residents,
green spaces, pollutes the facades of houses
and infrastructure facilities. From an
economic point of view, a decrease in the
speed of city traffic is reflected in the speed of
delivery of goods, correspondence, the speed
of movement of workers, often at the expense
of working time. A direct negative effect is
increased fuel consumption on the
commercial route. Road traffic emissions have
dramatic local and global effects. Pollutants
such as Nitrogen Oxides (NOx) and Particulate

Matter (PM) have known detrimental impacts
on human health, including respiratory and
cardiovascular diseases [1], while Carbon
Dioxide (CO2) emissions greatly contribute to
global warming. Accurate trafficrelated
emission estimations are thus crucial to assess
their evolutions over several years, and to
quantify the environmental impact of
sustainable transportation policies such as
lowemission zones and traffic regulation
strategies [2].

Congestion is a major issue for cities and
often a determining factor of connectivity
within urban areas and intra-city interactions.
It is a repercussion of the massive adoption of
cars as the main transport mode and an
externality related to the nature of cities as it
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represents the negative aspect of
agglomeration, the major driving force of
growth in cites [3].

According to the results of 2020, the
capital of Ukraine was in seventh place in
terms of congestion in the world [4].

Analysis of recent researches and
publications. The report [5] analyses the
factors influencing fuel consumption and CO2
emissions of passenger cars in real-world
operating conditions. An extensive literature
review has been performed, showing that the
most important in-use factors affecting the
difference  between real-world  and
certification performance are the use of air
conditioning devices, ambient temperature
and environmental conditions, roof add-ons,
driving style, tyre pressure and the increase of
vehicle weight. For each factor a simulation
scenario was designed to better investigate
its effect. The authors emphasis that traffic
conditions s (average speed, maximum
speed, presence of traffic lights, free flow, etc.)
affect the actual movement of the vehicle,
average and max speed, accelerations, start
and stop incidents, prolonged travel time,
etc., that can have a very negative impact on
fuel consumption.

The article [2] investigates the sensitivity
of COPERT to the mean speed definition, and
how COPERT emission functions can be
adapted to cope with vehicle dynamics
related to congestion. The research focuses
on the urban area, because urban road traffic
generates the highest emissions, caused by
rapid speed variations and congestions [6, 7].

COPERT is the EU standard vehicle
emissions calculator. It uses vehicle
population, mileage, speed and other data

31-43
v.9 (2021)
https://smart-scm.org

such as ambient temperature and calculates
emissions and energy consumption for a
specific country or region. COPERT is
internationally recognized — used by many
European countries for reporting official
emissions data. It calculates emissions at a
national, regional or local scale, and for
annual to daily estimates. COPERT's
methodology is published and peer-reviewed
by experts of the UNECE LRTAP Convention
and includes all main pollutants: greenhouse
gases, air pollutants and toxic species [8].

COPERT emissions are very sensitive to
mean speed definition. Using a degraded
speed definition leads to an underestimation
ranging from -13% to -25% for fuel
consumption during congested periods (from
-17% to -36% respectively for NOx emissions).
The mean speed definition has a considerable
impact on COPERT fuel consumption and NOx
emissions, even at the network scale [2].

Figure 1 shows the effect of vehicle speed
on the rate of fuel consumption. It is obvious
that as the velocity of the vehicle increases the
air velocity around the vehicle will increase
causing increases in the aerodynamic drag.
The increase of the vehicle speed will create
many separated flow regions on the curved
surfaces of the vehicle body that will increase
the overall drag, and consequently the rate of
fuel consumption will be increased. It is
noticed from Figure 1 that an increase in
vehicle speed by 4% has increased the rate of
fuel consumption by nearly 40%, which shows
that both parameters are proportional [9]. An
experimental work was conducted on four
different vehicles, corresponding to different
engine sizes (i.e. LADA 1.3cc, LADA 1.6cc, VW
1.3cc and Subaru 1.6cc).
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Figure 7. The effect of vehicle speed on the rate of fuel consumption [9]

The authors of [10] investigated that the
effect of time-of-day on congestion duration
depends on the day-of-the-week (Fig. 2).
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Figure 2. Average flow and variability by time-of-day [10]

The time-of-day measure was a
categorical variable distinguishing between
two time sectors: AM-rush (7 a.m.-2 p.m.) and
PM-rush (2 p.m.-7 p.m.). The vast majority,
more than 90%, of congestion events occur
between 7 a.m. and 7 p.m. Within these 12 h,
the AM-rush and PM-rush periods were
distinguished based on a visual comparison of
average flows throughout the day (Fig. 1).Ina

study [11] identified 3 p.m. as a natural break
between midday and afternoon peak periods.
In an analysis of recurring congestion, [12]
identified AM- and PM-peak periods 5 a.m. - 8
a.m.and 3 p.m.-7 p.m., respectively.

Authors [13] described the pattern of
traffic flow in dependence with time of day
(Fig. 3).
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Figure 3. Typical traffic flow versus time of day [13]

A similar pattern can be found in the work
[14], where typical dynamics of urban traffic
speed is shown, with a significant decrease in

speed in the morning and evening rush hours,
the highest values at night, and obstructed
movement during the day (Fig. 4).
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Figure 4. The coefficients of change in speed of movement depending on the time of day
(completed based on [14])

The impact of congestion was measured morning hours (Fig. 5). Working hours seem

with the help of the relevant TomTom
indicators that provide very detailed
information on the variation of speed during
the day at road link level. Surprisingly, Seville
has only one clear peak period, during the

to play a role, most activities (distribution,
work, school, shops) start between 6:00 am
and 10:00 am, but return trips seem to cover a
much wider period (from 2:00 pm to 11:00
pm) [15].
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Figure 5. Hourly variation of absolute accessibility and speed during a day in Seville [15]

The urgency of the problem for Kyiv is
caused by the fact that in Europe, Kyiv is the
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second most congested, behind Moscow and
Istanbul (Fig. 6).
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Figure 6. The world's most congested cities in 2020 [4]

During 2020 alone, the congestion of
Kyiv's roads increased by 2%. According to the
authors of the rating, Kyivans and guests of
the city lose about half an hour on the roads
every day.

Kyiv roads are currently congested 3-4
times, according to the Kyiv City
Administration. In 2020, 1.2 million cars were

registered in Kyiv, of which 20% were trucks.
At the same time, Kyiv is designed to use 300-
400 thousand cars daily. Last year, the number
of cars in the city increased by another 30%
[16].

Thus, understanding the relationship
"vehicle flow density - travel speed - fuel
consumption” will effectively manage:
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1) internal organizational logistics
processes (for example, introducing off-peak,
night-time delivery);

2) urban flows of vehicles and passengers,
in order to reduce peak loads on road
infrastructure (for example, by limiting the
entry of cars to the busiest parts of the city,
introducing high parking fees in certain areas,
increasing the interval of public transport,
etc.).

The purpose and objectives of the
study. The purpose of this study is to analyze
and obtain a mathematical model of the
relationship between the speed of movement
and fuel consumption for various means of
urban delivery at different times of the day. A
car, a motorcycle, a bicycle and a courier on
foot (with the ability to use public transport)
are considered as urban delivery means
(UDM).

Basic material and results. The article
discusses the dynamics of changes in speed
and fuel consumption for such urban small
cargo delivery vehicles:

— automobile;
motorbike;
bicycle;

a courier on foot (with the possibility of
using public transport).

The study will be divided into two parts -
1) to study the dependence of the average

45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0

Average speed, km/h
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speed of movement in the city on the time of
day (for all considered UDM); 2) to study the
dependence of the average fuel consumption
in the city on the time of day (for motorized
UDM).

1. Average speed

To understand the conditions of the
movements, data on the traffic flow by time of
day is needed, namely, the speed and density
of the vehicle movement [17].

Vehicle speed directly depends on the
time of day and traffic congestion. At the
same time, the speed of a motorcyclist
depends on road congestion by only 33%,
and of bicycles - by 20% [18]. Accordingly, the
decrease in speed will be greatest for a car,
and the least for a bicycle.

With regard to on-foot delivery, the
distance between customers will affect the
choice of courier movement. If the distance
between clients is more than 1 km, the courier
will use public transport, the speed of which is
taken as 50% of a car speed (taking into
account transfers, stops, waiting times, etc.).

In Kyiv, the movement of public transport
occurs in the range of 7-23 hours, thus, we can
observe the dynamics of speed during the day
(Fig. 7).
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Hour of day
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Figure 7. Dynamics of average speed at different urban delivery means
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Given the real working conditions of the Since all delivery means speed according
internet-store, the delivery of which is the to the methodology can be determined based
object of work, the following work shifts were on the speed of car deliver, the first step was
analyzed: to determine the function that most
— 1st shift - 9.00-15.30; accurately describes the dynamics of the car
— 2nd shift - 15.30-22.00. and motorbike speed in Kyiv (Fig. 8).
45
40 y =0,0111x*-0,5933x3 + 11,067x2 - 83,874x + 238,34
R?=10,7929
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Figure 8. Dynamics of the average speed of delivery by car

The polynomial was chosen as such a

function:
V(t) = 0,0111t* —0,5933t> +11,067t> — 83,874t + 238,34.
The accuracy is about 79%, which is an Further, the dynamics of the speeds of
acceptable result. other means were obtained (Fig. 9)..
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Figure 9. Dynamics of the average speed at different types of delivery
(delivery hours 9.00-22.00)
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Given the hourly change in traffic
congestion, the calculation should be carried
out in stages, in dynamics. However, to
simplify the methodology, we took the
average speeds for the shift, obtained as the
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arithmetic average of the speeds of each its
hour. The final values of the average speeds of
various means during shifts are shown in
Table. 1.

Table 1. Average speeds for different types of delivery during a shift, km/h

St Automobile | Motorbike | Bicycle | Foot delivery (public transport) FEOlGEINER (T e
number transport)
1 30,21 36,77 14,27 | 15,10 4,00
28,10 36,07 1411 | 14,05 4,00

2. Average fuel consumption

Fuel costs are included in economic and
environmental costs for only two of the four
UDM involved in the analysis - car and
motorcycle.

Fuel consumption for automobile
delivery in the city is directly dependent on
the speed of movement, which, in turn, is
related to the density of urban traffic.

The cost of fuel on the route can be
obtained based on the length of the route and
fuel consumption per 100 km (considering
the corresponding correction factor).

The fuel consumption on a route is
influenced by the speed on the route. To

calculate fuel consumption, it is proposed to
use approximate trend lines that allow to
describe the speed of movement depending
on the time of day for each type of delivery
vehicle V(t)i.

To obtain fuel consumption depending
on the time of day, its dependence on the
speed of movement for an average car and
motorcycle in the city was studied (Fig. 10).
We will restrict ourselves to the speed range
of 10-50 km / h as the most probable, taking
into account the limitations of the maximum
speed in urban conditions by the traffic
regulations.

10
£ 9
s 8 y =0,0051%2 - 0,4533x + 13,38
= 7 R2=10,9927
§ 6
2 5
4
s 3
5 2 y = 13,457x04
T 1 R2=0,9897

0

0 10 20 30 40 50 60
Speed, km/h

moto
CrenenHas (moto)

auto
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Figure 10. Dependence of fuel consumption on speed for an average car and a motorcycle
with an engine capacity of 150-250 cm? (based on [13])
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To simplify the calculations, the average each hour of the shift, having previously
values of fuel consumption per work shift can obtained these values using the trend line

be obtained (Table 2). To do this, we find the equations:
arithmetic average of fuel consumption in

-fora car:

f (V)=0,0051V2 —0,4533V +13,38,
- for a motorcycle:

f(V)=13,457V°%.

As we can see, MS Excel has selected a by a motorcycle. Both models give excellent
polynomial of the second order to describe quality of approximation - R2 0.9927 and
the relationship for fuel consumption by a car 0.9897, respectively.

and a power-law one - for fuel consumption

Table 2 - Average fuel consumption for different types of delivery [I / 100 km]

Working Shift Car Motorbike Bicycle On foot / transit
1(9amto 3.5 pm) 4,63 2.78 - -
2 (3.5 pmto 10 pm) 4,56 2.78 - -
Conclusions. Thus, it is possible to urban environment using four means of
propose an algorithm for determining the urban logistics - a car, a motorcycle, a bicycle
average speed and average fuel consumption and an on-foot courier (with the possibility of
when delivering small consignments in an using public transport) (Fig. 11).

Dynamics of speed of
movement during
the day for each
UDM, km/h

i-index of UDM,
Jj - index of shift

Trend line of speed of movement
during the day, Vi(t)

v

Average speed of movement
during the shift Vij, km/h

Dependence of fuel consumption
on speed of movement, fi(V)

v

Average fuel consumption
during the shift fij,
1/100 km

Hours of shifts, h:h
Duration of shift, ¢j

Figure 11. Algorithm for determining the average speed and average fuel consumption on
urban delivery means
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It should be noted that the numerical
values obtained in the article are based on
statistical data collected in a specific city (Kyiv)
and cannot be automatically extended to all
possible urban deliveries in the world.
However, the proposed algorithm s
applicable for any conditions of city delivery.
One of its advantages is the absence of the
need for special computer programs and the
corresponding skills of a logistics manager. As

31-43
v.9 (2021)
https://smart-scm.org

As restrictions, it should be noted that the
work does not take into account the number
of customers on the route and the time spent
at the moment of transfer of the shipment to
a customer and for related operations.
However, the authors believe that this
simplification is acceptable for estimating the
average speed of movement in the traffic
flow, without taking into account stops and
maneuvers at the place of delivery.

an additional tool that facilitates calculations,
a widespread program, usually present in any
office, is offered - MS Excel.
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