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“For the first time in history, more people live now in 

urban than in rural areas”                   (United Nations, 2020)

Urban areas make an important role in the implementation of the

objectives of the European Union’s strategy for sustainable

development.

Urban freight transport become an indispensable part of people’s

lives, supporting industry and trading activities. Nowadays no urban

area could exist without a reliable freight transport system

Transport of goods is necessary and inevitable, BUT How do we

deliver the goods?

ECTRI TG Freight and Logistics Webinars
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UFT accounts for 20% 

to 30% of total traffic

emisisons

33% of transport

related NOx emissions

LMD costs 13% to 75%
of the total logistic cost

OPTIMIZATION or INNOVATION

The current state

ECTRI TG Freight and Logistics Webinars

Transport emissions as a share of total EU-28 GHG emissions, and road transport emissions as a share of EU transport
GHG emissions (2017) [EEA, 2019]
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Cities account for 60 to 80 percent of energy consumption and 

at least 70 percent of carbon emissions, even though they 

occupy just 3% of the Earth’s land (UNDP 2019);

‘To bundle whenever you can for as long as you can and to do 

the bundling and unbundling via efficient hubs‘;

LMD:  more expensive, least efficient and most polluting . 

Responsible for up to 28 % of the total delivery cost; 

fragmented and uncoordinated, LMD represents a significant 

problem for the generated traffic volume in the urban area;

Cities and LMD

ECTRI TG Freight and Logistics Webinars

World Economic Forum, 2020 

+36% +21%+6Mt
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Population growth

& urbanization

“68% of the world population projected to live in urban areas by 2050” 
(United nations, 2018)

+2.5 billion people to urban areas by 2050. 90% Asia and Africa

By 2050, 43 megacities with more than 10 million inhabitants, most of 

them in developing regions

The third wave of urbanization
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E-commerce growth

and the desire of speed

21% of retail via online channels globally

COVID-19 has massively accelerated the growth of e-commerce

“Bricks and clicks”

The desire of speed

ECTRI TG Freight and Logistics Webinars
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Advances in technology

Amazon Prime Air 

Uber’s self-driving truck Otto 

Continental’s Autonomous Shuttles and Delivery Robots

…TOO MUCH??

ECTRI TG Freight and Logistics Webinars
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Vehicle routing improvements

Green and clean logistic fleets
Technological vehicle innovation

Competitors’ cooperation

Real time information is missing

High investment costs are 

necessary

Competitors against sharing 

information and cooperating

BUT…

RG and OBJECTIVES

Due to the unavailable real

data most of the LMD solutions

are only simulations.

The importance of the

geographical context

Real data collection campaign to 

properly characterize urban and 

suburban LMD

ECTRI TG Freight and Logistics Webinars
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Rural Suburban

(Peri-urban)

Urban

The geographical context
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Rural Suburban

(Peri-urban)

Urban

The geographical context
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LITERATURE REVIEW

CASE OF STUDY
The metropolitan area of 
Madrid
Correos Postal Service

DATA COLLECTION CAMPAIGN
Data field test in Urban and 
Suburban delivery area

DATA PROCESS 
Raw data to 2 filtered database
Daily round and delivery microtrip.
Programming in R, SPSS and ArcGIS;
Single delivery microtrip definition;
Variables calculation;
Cluster analysis;

DATA ANALYSIS
Analysis of results depending on
delivery area.
LMD characterization and 
comparison between urban
and suburban geographical
context

Methodology

ECTRI TG Freight and Logistics Webinars
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The case of study (I)

The Metropolitan Area of Madrid

6.5 millions of inhabitants

8.000 km2 Metropolitan Area

179 municipalities

49% of population in the Municipality

44% in the Metropolitan Area

2.6 million households with average 

2.52 people per household

0.43 motorization index

43% occupational mobility

ECTRI TG Freight and Logistics Webinars
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3 ring roads

7 radial roads
Private vehicle

Public Transport

Mobility in Madrid

Evolution of the modal Split      

By Walking
Private vehicle

Public Transport
Other

ECTRI TG Freight and Logistics Webinars
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The case of study (II)

CORREOS

The National Postal Service of Spain

100% State owned

51,000 employees

3,600 million shipments/year

unified offer of express parcels for 

the Iberian market

ECTRI TG Freight and Logistics Webinars
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▪ 5 Diesel and 3 Electric vehicles

▪ Equipments: OBD-Key,  MyTracks App

▪ Data collection campaign 4 weeks, labor day

▪ 13 drivers (6 suburban DC + 7 urban DC)

between 33 and 62 years old (M=48)

▪ Service area: city center, suburban area

▪ GPS Latitud

▪ GPS Longitud

▪ Altitud

▪ Instantaneous speed

▪ Travel time

▪ RPM

▪ Energy&Fuel

consumption

Data collection campaign in Madrid
(September-October 2018) 

MyTracks App

OBD-Key

ECTRI TG Freight and Logistics Webinars
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The geographical context

Urban delivery area:

240,000 inhabitants

12.3 km2

19,470 inhab/km2

Suburban delivery area:

95,000 inhabitants

133 km2

711 inhab/km2

ECTRI TG Freight and Logistics Webinars
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The road network

30-50km/h

50km/h

70km/h

80 km/h

90 km/h-120 km/h

URBAN DELIVERY AREA SUBURBAN DELIVERY AREA

30-50km/h
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12% of data filtered

The data process

1.5 Gbyte of data exported in .csv format

R, SPSS, ArcGIS

-59 variables related to driving behaviour

-18 variables related to energy consumption

-16 variables related to emissions and pollutants

-9 variables related to road characteristics !
Variables 

calculated second

by second

242 valid delivery daily shift

4,479 valid micro-trips

7,262 km recorded

998 hours of driving

recorded

> 5 millions valid records

ECTRI TG Freight and Logistics Webinars
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68.2% of daily rounds in urban delivery area is shorter than 20 km;

30% of daily rounds in suburban delivery area lengths more than 68 km .

Delivery daily shifts

Operative features Suburban Area Urban Area
Avg Sd Max Min Avg Sd Max Min

Daily trip distance [km] 50.93 17.75 93.67 17.38 14.34 4.58 55.44 5.64

Daily trip duration [hh:mm] 04:24 01:01 06:22 02:27 03:57 00:50 05.58 02:02

Micro-trip distance [km] 2.25 3.24 19.22 0.02 0.77 0.89 6.82 0.01

Median microspeed [km/h] 24.8 9.1 94.9 0 12.8 7.61 44.02 0

%Time mictrip speed <3km/h 9% 8% 70% 0% 21% 13% 87% 0%

ECTRI TG Freight and Logistics Webinars
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Dense, Slower, 
Similar Road 

Sparse, 
Quicker, 
Mixed Road
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Belen, 27 Sept Belen, 02 Oct

Suburban delivery daily shifts
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Urban delivery daily shift
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Juan Francisco, 27 Sept
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38%

0%
29%

14%

19%

SUBURBAN DELIVERIES

Traffic jam

Parking

App

To refuel

Others

43%

29%

17%

0%
11%

URBAN DELIVERIES

Typical incidents in urban 

and suburban deliveries
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Cluster
Nº of micro-

trips
Avg Trip distance

[km]
Avg Stop 
time [%]

Avg V95 
[km/h]

Avg Vmedian
[km/h]

suburban-1 842 0.65 11% 29.4 17.3
suburban-2 248 7.24 6% 88.4 36.8
suburban-3 1,142 2.35 8% 48.3 27.8

urban-1 781 0.39 27% 19.5 7
urban-2 561 1.46 16% 48.9 20.1
urban-3 905 0.67 19% 32.3 13.3

Single parcel delivery micro-trip

Clusters defined by 3 variables:

• 95º percentil of speed distribution;
• Median speed;

• %time spent being speed < 3km/h;

Suburban-urban-1: Slow moving

Suburban-urban-2: Fast marching

Suburban-urban-3: Medium-speed

Cluster analysis

ECTRI TG Freight and Logistics Webinars
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Cluster
Nº of micro-

trips
Avg Trip distance

[km]
Avg Stop 
time [%]

Avg V95 
[km/h]

Avg Vmedian
[km/h]

suburban-1 842 0.65 11% 29.4 17.3
suburban-2 248 7.24 6% 88.4 36.8
suburban-3 1,142 2.35 8% 48.3 27.8

urban-1 781 0.39 27% 19.5 7
urban-2 561 1.46 16% 48.9 20.1
urban-3 905 0.67 19% 32.3 13.3

Clusters defined by 3 variables:

• 95º percentil of speed distribution;
• Median speed;

• %time spent being speed < 3km/h;

Suburban-urban-1: Slow moving

Suburban-urban-2: Fast marching

Suburban-urban-3: Medium-speed

Single parcel delivery micro-trip

Cluster analysis
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Sample

(%)

Trip 

time 

[mm:ss]

Trip

length

[km]

Median 

Speed

[km/h]

V95 

[km/h]

Pspd_3 

[%]

dec

[m/s2]

Acc

[m/s2]

COV

[-]

Suburban 50% 5:43 2.25 25 45 9% -0.27 0.29 0.55

CL-1 38% 2:04 0.646 17 29 11% -0.24 0.27 0.56

CL-2 11% 12:23 7.241 37 88 6% -0.21 0.21 0.63

CL-3 51% 6:57 2.347 28 48 8% -0.31 0.33 0.53

Urban 50% 4:51 0.772 13 17 21% -0.36 0.43 0.83

CL-1 35% 3:21 0.349 7 12 27% -0.24 0.31 0.90

CL-2 25% 7:20 1.457 20 22 16% -0.56 0.61 0.78

CL-3 40% 4:36 0.674 13 18 19% -0.35 0.42 0.80

Total 100% 5:17 1.508 19 25 15% -0.32 0.36 0.69

Single parcel delivery micro-trip
Operative features in Last-mile postal delivery

ECTRI TG Freight and Logistics Webinars
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Sample

(%)

Trip 

time 

[mm:ss]

Trip

length

[km]

Median 

Speed

[km/h]

V95 

[km/h]

Pspd_3 

[%]

dec

[m/s2]

Acc

[m/s2]

COV

[-]

Suburban 50% 5:43 2.25 25 45 9% -0.27 0.29 0.55

CL-1 38% 2:04 0.65 17 29 11% -0.24 0.27 0.56

CL-2 11% 12:23 7.24 37 88 6% -0.21 0.21 0.63

CL-3 51% 6:57 2.35 28 48 8% -0.31 0.33 0.53

Urban 50% 4:51 0.77 13 17 21% -0.36 0.43 0.83

CL-1 35% 3:21 0.35 7 12 27% -0.24 0.31 0.90

CL-2 25% 7:20 1.46 20 22 16% -0.56 0.61 0.78

CL-3 40% 4:36 0.67 13 18 19% -0.35 0.42 0.80

Total 100% 5:17 1.51 19 25 15% -0.32 0.36 0.69

Single parcel delivery micro-trip
Operative features of Last-mile postal delivery

ECTRI TG Freight and Logistics Webinars



33

Delivery stop

Urban VS Suburban
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65m

Time for delivering in Suburban area
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▪ Lower speed with frequent stops, multi destinations, most pollutant

emissions.

▪ Travel time between 4 and 6 minutes, corresponding to 2.25 km or 0.77

km respectively in suburban or urban area.

▪ 40% of urban deliveries doesn’t reach 13 km/h of median operating
speed in city centre. 51% of deliveries is characterized by a median

speed of 28 km/h in periurban area.

▪ Lack of parking space is one of the main reasons result in longer trip

distance and low speed circulating.

Main findings
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• Last-mile postal deliveries differs according to the geographical context:

Dense, Slower, similar roads (URB) vs Sparse, Quicker and different roads

• In city centre more than 30% of microtrips counts with a median speed

of 7 km/h. Is it necessary to use an LDV?

• Deliveries to industrial polygons should be made along a fixed route

• A system of parcel lockers with real time information should be

implemented in city centre.

• Most of the operative inefficiencies proper of LMD are the same
regardless delivery area, but the solutions to solve them should be

different, according to the geographical context and the operative

features.

Conclusions
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High energy consumption

Strong acc/dec

Dense, Slower, similar roads

13km/h               0.77km 

Lack of parking space

Parcel Locker and flexibility

High energy consumption

Strong acc/dec

Sparse, Quicker and different roads

28km/h              2.25km

Traffic Jam

Fixed route and intermodality

Urban delivery area Suburban delivery area

Intermodality and flexibility to differentiate 

solutions according to delivery area.

..How do we deliver the good?
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