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Health effects of Traffic-related air pollution (TRAP)

364,200
YEARLY PREMATURE DEATHS IN 

EUROPE

Particulate matter 
(PM)

307,000

Nitrogen dioxide 
(NO2)

40,400

Ground-level ozone 
(O3)

16,800

Source: EEA, 2022

Urban air pollution: a rising concern

98.4%

Source: Lauriks et al., 2022
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The importance of freight transport

Source: Lebeau, P., & Macharis, C. (2014).

Freight traffic-related emissions in the Brussels-Capital Region compared to total 
road traffic (2014).

33%

Illustration: T&E, 2022

Construction logistics?

Sources: Lundesjö (2015), Brussels Mobility (2016), Transport for London (2019), Brusselaers et al. (2020). Illustration: Jacqueline Forzelius.

> 80% of activities in construction

20-35% of urban freight traffic

8-15% of total construction budget

5

6



Off-site construction logistics is inevitable

18/01/2019

Illustrations: own pictures & Jacqueline Forzelius

Problem statement

Brusselaers, N., Mommens, K., & Macharis, C. (2021). Building Bridges: A Participatory Stakeholder Framework for 

Sustainable Urban Construction Logistics.ௗSustainability, 13(5), 2678. https://doi.org/10.3390/su13052678

Other
27%

Restaurants & food industry
20%

Construction
20%

Services
33%

… 20% ?

Quid : ?
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Access to a holistic transport dataset

Illustration: own work visualized using ArcGIS; Viapass, 2022.

→ GPS points every 30 seconds

→ Every truck (HGV >3.5t) in or through Belgium

→ Entire road network

→ Calculation-variables: vehicle type, EURO norm, time 
stamps & velocity 

Construction logistics?

Transport data: OBU (GPS)
Construction vehicles

identification algorithm (R)
Routing and vehicle-
kilometre data (GIS)

Environmental impact 
assessment (external costs)

Brusselaers, N., Huang, H., Macharis, C., Mommens, K. (2023). A GPS-based approach to measure the environmental impact of 
construction-related HGV traffic on city level. Environmental Impact Assessment Review, 98. https://doi.org/10.1016/j.eiar.2022.106955
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Impact assessment framework

City level 
Chapter 4

National level 
Chapter 5

Site-specific level 
Chapter 3

The impact on city level
External costs of air pollution/EURO-norm

→ 26.40% of all HGV traffic

→ 968,041.96 monthly driven vkm

→ 34-50t truck-trailers (>31% of fleet)

→ 45,631.85 EUR of daily external costs in the BCR

Brusselaers, N., Huang, H., Macharis, C., Mommens, K. (2023). A GPS-based approach to measure the environmental impact of 
construction-related HGV traffic on city level. Environmental Impact Assessment Review, 98. https://doi.org/10.1016/j.eiar.2022.106955
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The impact on city level

Brusselaers, N., Huang, H., Macharis, C., Mommens, K. (2023). A GPS-based approach to measure the environmental impact of 
construction-related HGV traffic on city level. Environmental Impact Assessment Review, 98. https://doi.org/10.1016/j.eiar.2022.106955

Brussels Construction consolidation Centre (BCCC)
Locations of the BCCC and the construction sites

Brusselaers. N. & Mommens, K. (2022b). The effects of a water-bound Construction Consolidation Centre on off-site transport performance: 

the case of the Brussels-Capital Region. Case Studies on Transport Policy, 10(4), 2092-2101. https://doi.org/10.1016/j.cstp.2022.09.003
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BCCC: modal shift, bundling & consolidation
External costs of the BCCC using inland waterway transport (IWT) compared to BAU

Brusselaers. N. & Mommens, K. (2022b). The effects of a water-bound Construction Consolidation Centre on off-site transport performance: 

the case of the Brussels-Capital Region. Case Studies on Transport Policy, 10(4), 2092-2101. https://doi.org/10.1016/j.cstp.2022.09.003 

But also: 
 73 % timely deliveries
 93.32 % delivery compliance
 Optimized consolidation and loading rates

The dynamic impact of air quality: where, when & who

Mommens, K., Brusselaers, N., Lier, T. Van, & Macharis, C. (2019). A dynamic approach to measure the impact of freight transport on air 
quality in cities. Journal of Cleaner Production, 240(118192). https://doi.org/10.1016/j.jclepro.2019.118192

Background illustration: Ircel

STATIC

DYNAMIC

DYNAMIC
GEOTEMPORAL 

LINK

Brusselaers, N. (2018).

15

16



Methodological pathway

Source: Brusselaers (2018), 
based on data from Brussels MobilitySource: Mommens et al. (2018)

Source: data from UZ Brussels, Devos et al. 
(2015), MCCOG (2019), WHO (2014) 

Source: Lefebvre et al. (2013), 
Venkatram and Horst (2006). 

Point Source Gaussian Plume 
Model

(1) TRansport Agent-BAsed Model 
(TRABAM)

(2) DISPERSION (3) DYNAMIC RECEPTOR DENSITIES (4) DOSE-RESPONSE FUNCTIONS

Mommens, K., Brusselaers, N., Lier, T. Van, & Macharis, C. (2019). A dynamic approach to measure the impact of freight transport on air 
quality in cities. Journal of Cleaner Production, 240(118192). https://doi.org/10.1016/j.jclepro.2019.118192

Rerouting construction logistics around air pollution hotspots

Dynamic population: mobile service provider data (Ch. 7)
(Brusselaers, 2018; Mommens et al., 2019)

Health impact mitigation 
potential of construction 

transport?

Construction logistics HGV traffic: OBU data routed in GIS 
environment (Ch. 3-5) (Brusselaers et al., 2022; 2022a; 2023)

Vulnerable population TRAP hotspots (Ch. 8)
(Brusselaers et al., 2023a)

Point-level CL emission dispersion (NOx, PM) w/ 
differentiated vehicle fleet (HBEFA) (Ch. 9)

(Brusselaers et al., 2023b)

CL routes with and without
hotspot avoidance barriers

Brusselaers, N., Macharis, C. & Mommens, K. (2023). Rerouting urban construction transport flows to avoid air pollution 

hotspots. Transportation Research Part D: Transport & Environment, 119, 103747. https://doi.org/10.1016/j.trd.2023.103747.
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5.56% NOx and PM

25.53% health costs

Ratio of incurred costs per cell
(Brusselaers et al., 2023b)

Brusselaers, N., Macharis, C. & Mommens, K. (2023). Rerouting urban construction transport flows to avoid air pollution 

hotspots. Transportation Research Part D: Transport & Environment, 119, 103747. https://doi.org/10.1016/j.trd.2023.103747.

Rerouting construction logistics around air pollution hotspots

Conclusions: focus on health impact

Decouple policies and absolute transport emissions

Brusselaers, N. (2023). The impact of off-site construction transport on air quality. ASP VUBPress. ISBN: 978-9-4611-7492-5. 
https://researchportal.vub.be/en/publications/the-impact-of-off-site-construction-transport-on-air-quality.

Illustration left: Clarcq, 2020
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What about tomorrow?

Vans ”and” cargobikes

Brusselaers, N., Lebeau, P. & Saoud, S. (2023). The potential of cargo bikes in urban construction transport. 
In VREF Conference on Urban Freight, Chalmers University, Göteborg, Sweden.

Both cases transport similar material volumes and weights
• LCV: 30-650kg (heavy/bulky materials, tools and waste).
• CB: (1)-25-100kg (lighter/smaller materials and tools).

The importance of vehicle complementarity
• Cargobike used on 60-80% of workdays, 1.5-42km per day, replacing

LCV roughly 90-100km per week.
• As not all products types can be transported using cargo bikes due to

its limitations, entirely shifting transports to cargo bikes is not always
possible.

• Both the van and cargo bike therefore co-exist for their own purpose,
mainly defined by material volume and weight.

Different days/weeks, different needs and different modes
• Cases suggest that the use of cargo bike has a potential to complement

urban construction transport for self-employed firms, using less bulky
and heavy materials.

1

2

3
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Circular construction logistics

Observation: 
not sorted 

enough

 How do we keep apart?

Consolidation 
of fractions

Transport 
loading

 How do volumes move / get handled on site?  How to make all steps to a reasonable 
cost, time, emission and space?

 Effect on sorting?

Stimulate integrated planning

Construction 
logistics

CONSTRUCTION 
LOGISTICS 
PLANNING

Public
City planning

Traffic 
planning
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Traffic modelling

Brusselaers, N., Fredriksson, A., Gundlegård, D. & Zernis, R. (forthcoming). Decision support for improved 
construction traffic management and planning. 

Traffic modelling
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Brusselaers, N., Fredriksson, A., Gundlegård, D. & Zernis, R. (forthcoming). Decision support for improved 
construction traffic management and planning. 
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Data spectrum
Hyper-detailed, 

real-world
Assumptions

Average values or 
derived from patterns

… almost always 
available but adequate? 

Precise information, 
touching upon big data

… but not always available 
or processable

?

Bill of quantities, GFA, cost, type of 
project …  

How performant are indicators to predict the construction site 
transport demand, given a combination of data sources?

Brusselaers, N., Hjorth, S., Fredriksson, A., & Gundlegård, D. (2023). Capturing multi-disturbances of construction transport flows: a data framework towards
predictive modelling. In NECTAR Cluster 3 (Logistics & Freight): Delivering Just Sustainabilities: Green and Equitable Transitions in Last-Mile Logistics, Universidad

Politécnica de Madrid, Madrid, Spain.
Brusselaers, N. Hjorth, S, Fredriksson, A & Gundlegård, D. (forthcoming). A data framework to forecast construction site transport demand.

Variables influencing transport demand

Brusselaers, N., Hjorth, S., Fredriksson, A., & Gundlegård, D. (2023). Capturing multi-disturbances of construction transport flows: a data framework towards 
prospective modelling. In NECTAR Cluster 3 (Logistics & Freight): Delivering Just Sustainabilities: Green and Equitable Transitions in Last-Mile Logistics, Universidad 

Politécnica de Madrid, Madrid, Spain.
Brusselaers, N. Hjorth, S, Fredriksson, A & Gundlegård, D. (forthcoming). A data framework to forecast construction site transport demand. 

Relation between GFA and Number of transports fitted using a LinReg model
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Variables influencing transport demand

Brusselaers, N., Hjorth, S., Fredriksson, A., & Gundlegård, D. (2023). Capturing multi-disturbances of construction transport flows: a data framework towards 
prospective modelling. In NECTAR Cluster 3 (Logistics & Freight): Delivering Just Sustainabilities: Green and Equitable Transitions in Last-Mile Logistics, Universidad 

Politécnica de Madrid, Madrid, Spain.
Brusselaers, N. Hjorth, S, Fredriksson, A & Gundlegård, D. (forthcoming). A data framework to forecast construction site transport demand. 

GFA

Transports

Importance measurent using machine learning algorithm 
(LinReg, Decision Tree, Gradient Boosting Tree & Random Forest)

GFA, cost & duration

Building certification 
scheme

Want to help us further?
We’re looking for a list of your past construction projects in Brussels, incl.: 

What’s in it for you?

 Your company’s results from our machine learning model at no cost
 Data processed anonymously – we don’t need any project name, location etc.

1 2

4

Project gross floor area 
(total m2 built)

Project duration 
(#months)

Project (sub)type
(New, Renovation, Demolition – 
housing, office, hospital... mixed)

3 Project certification 
(none, silver, gold…)

Project’s total #transports incoming 
(total sum/project, no further info)5
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Contact

Nicolas Brusselaers, Ph.D
Post-doctoral researcher Construction logistics
+46 70-209 66 08 (SE) / +32 497 32 73 22 (BE)
nicolas.brusselaers@liu.se

Digitial Construction Supply Chains
Advanced Master 2 course (6 ECTS)
Oct-Dec 2023

Extra
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A supply chain unlike any other

Converging

Make-to-order

Temporary
1 3

2

Illustration: TfL, 2021

Construction logistics?

Brusselaers, N.; Fufa, S.M.; Mommens, K. (2022). A Sustainability Assessment Framework for On-Site and Off-Site 
Construction Logistics. Sustainability, 14, 8573. https://doi.org/10.3390/su14148573

Illustration: Jacqueline Forzelius

Scenario 
evaluation
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The impact on national level

Brusselaers, N., & Mommens, K. M. (2022a). The influence of the construction holidays on HGV traffic in Belgium. 

In Bijdragen Vervoerslogistieke Werkdagen 2022 (pp. 20-33). Vervoerslogistieke Werkdagen 2022.

→ 17.58% vkm in total HGV traffic

→ 54.38% >32t

→ EURO 5&6 = 54.89% of vkm

→ 169k EUR/day air pollution costs

Daily average measured distance (million vkm).

Dynamic health impact from freight in Brussels

Micro-level analyses

Discrepancy between the static and dynamic approach
Up to 45x

Daily external costs emitted by freight vehicles

€2022 61,604

External costs of air pollution

Mommens, K., Brusselaers, N., Lier, T. Van, & Macharis, C. (2019). A dynamic approach to measure the impact of freight transport on air 
quality in cities. Journal of Cleaner Production, 240(118192). https://doi.org/10.1016/j.jclepro.2019.118192
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The health impact on vulnerable population segments

Brusselaers, N., Macharis, C. & Mommens, K. (2023). The health impact of air pollution from freight on vulnerable population segments. 

Environmental Pollution, 329, 121555. https://doi.org/10.1016/j.envpol.2023.121555. 
Background illustration: Bruzz

Young children and the elderly seem 
particularly sensitive to pollutants.

Source: World Health Orgnization

Daily incurred air pollution costs per 50x50m cell in the BCR

→ 37,135.79 EUR/day of freight transport-
related air pollution health costs

→ 25.34% of the total BCR population, 
58.84% of the engendered costs

→ Peak freight traffic movements

→ 465 air pollution hotspots

The health impact on vulnerable population segments

Brusselaers, N., Macharis, C. & Mommens, K. (2023). The health impact of air pollution from freight on vulnerable population segments. Environmental Pollution, 

329, 121555. https://doi.org/10.1016/j.envpol.2023.121555.

Presented at NECTAR Conference 2022: Mobilizing Justice: Moving Toward Action for an Equitable Transportation Future, University of Toronto, Toronto, ON, Canada.
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Stimulate integrated planning

Janné, M., Fredriksson, A., Billger, M., Brusselaers, N., Fufa, S. M., Al Fahel, R., & Mommens, K. M.ௗ(2021).ௗSmart construction 
logistics governance – A systems view of construction logistics in urban development. InௗProceedings of the 57th ISOCARP 

World Planning Congress࣯(December 2021 ed., pp. 1165-1174). Doha, Qatar: ISOCARP.

Conclusions: transport network

The planning gap

PLANERINGSGAPET
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A machine learning approach

Empirical and 
conceptual analysis

Network visualization of
disturbances, data 

primitives and 
methodologies

Initial data analysis
(IDA)

Preprocessing and 
visualization of data 

samples

Exploratory data 
analysis (EDA)

Preliminary statistical 
analyses using a machine 

learning algorithm

1 2 3

Brusselaers, N., Hjorth, S., Fredriksson, A., & Gundlegård, D. (2023). Capturing multi-disturbances of construction transport flows: a data framework towards
predictive modelling. In NECTAR Cluster 3 (Logistics & Freight): Delivering Just Sustainabilities: Green and Equitable Transitions in Last-Mile Logistics, Universidad

Politécnica de Madrid, Madrid, Spain.
Brusselaers, N. Hjorth, S, Fredriksson, A & Gundlegård, D. (forthcoming). A data framework to forecast construction site transport demand.
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