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Abstract: Urban areas pay increasing attention to new construction and infrastructure works, mainly
due to the rapid global rise in urbanisation. In the long run, these works have a positive correlation
with the economic and social attractiveness of cities. Construction strongly relies on logistics activities,
which cannot be neglected in the environmental equation. An important aspect in tackling the
negative effects of construction logistics (CL) lies in understanding the source and mitigation potential
of the impacts incurred. However, currently, limited robust impact assessments are available for this
sector. Given the lack of these rigorous assessments, it is difficult to evaluate the environmental criteria
concerned, especially when comparing innovative CL solutions. In this paper, we present a holistic
sustainability assessment framework designed for CL activities based on life cycle approaches, which
covers four main iterative steps: (1) goal and scope definition, (2) data identification and availability,
(3) scenario and setup evaluation and (4) environmental impact assessment. To measure both the
off-site and on-site CL impact, two distinct and complementary methodologies are used: External
Cost Calculations and Life Cycle Assessment. The framework was implemented on a pilot case in the
Brussels-Capital Region (Belgium). It provides a holistic view of CL impacts for policy evaluations
and implementations on the project, portfolio or city level. The results show that off-site zero-emission
construction vehicles are the way forward if cities want to achieve environmental goals by 2035.
However, market readiness for high-capacity vehicles must be considered. Otherwise, the positive
effects on air pollution, climate change and noise are offset by a saturation of the road transport
network and its associated congestion and infrastructure damage costs.

Keywords: construction logistic; sustainability assessment; external cost; life cycle assessment

1. Introduction

Macro-economically, the construction sector produces 9.7% of Europe’s GDP, em-
ploying over 12 million people [1]. Consequently, it forms one of the largest economical
industries. These figures also translate to the construction logistics (CL) sector, as the
construction sector is intrinsically strongly reliant on logistics activities [2]. Indeed, 60–
80% of the building materials and services which are necessary for the gross work are
procured by suppliers and subcontractors [3]. The vast transport requirements are further
emphasised by the immobile and ephemeral multi-organisation of a construction site [4,5].
The costs of material deliveries and reverse waste flows are financially significant, repre-
senting 8–15% of the total construction budget, excluding additional failure costs which
can further increase the total budget by 10% [6]. Optimising the planning, consolidation
and cooperation can render more efficient and sustainable CL [7], which also influence
financial gains, potentially cutting total project construction costs by up to 20% [8]. Better
planning and coordination of off-site and on-site logistics activities are also important, as
the contribution from on-site logistics activities is estimated to be up to 60% of the total
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logistics cost [9]. An efficient construction site layout, which covers the geometry of the site,
size and location of temporary facilities, is an important aspect that needs to be considered
in the early planning phase, as it can significantly affect on-site transportation, CL and con-
struction workers’ safety [10]. Recent research also shows that the reverse logistics supply
chain can and should be managed more efficiently throughout the construction phases [11],
while considering macro-level waste quality assurances [12]. Moreover, collaboration and
coordination of actors in the supply chain and the use of off-site construction solutions
(such as just-in-time and kitting) are some measures that need to be considered for the
effective management of resource and material flows [13].

Gross estimates show that construction is responsible for up to 20–35% of total urban
freight traffic in Europe [14]. Consequently, beside the financial costs, these transport
movements also translate into a significant share of generated environmental costs. In
the case of transport, the major externalities are air pollution, climate change, congestion,
accidents, infrastructure, noise, loss of habitat and well-to-tank costs [15]. These nuisances
go beyond the area of the construction site itself, as transports to and from the site also
impact the area around the site and its surrounding city [16,17]. The global construction
sector accounts for up to 23% of the total CO2 emissions, where on-site construction site
activities account for up to 5.5% of the emissions [18]. There are several activities towards
reducing emissions from on-site construction activities. Norway is the leader in using public
procurement procedures to develop and implement emission-free on-site construction site
solutions to fulfil international, national and regional environmental goals [19,20]. Emission
reduction from off-site construction activities should also be considered to reduce the impact
and avoid problem shifting from on-site to off-site activities.

However, little attention has been paid to the environmental costs of CL so far, most
often because the construction sector is suffering from a data availability issue when
it comes to accurate construction transport flows [14]. So far, current studies do not
evaluate this burden using adequate performance indicators, such as vehicle- or tonne-
kilometres, which are necessary in the calculation of transport externalities. For this reason,
environmental impact reports are often lacking. Consequently, cities are encountering
difficulties in developing and tailoring CL policies, as there is no baseline serving as a
foundation in this process [21]. While policies targeting zero emission cities push regional
and local authorities to attach more and more importance to logistics [22,23], there is a
challenge in calculating the impacts generated by CL, as well as computing a robust, sector-
wide environmental impact assessment. The MIMIC research project (Minimizing Impact
of Construction Material Flows in Cities: Innovative Co-Creation, grant number 438.15.403
under the JPI Urban Europe research programme) was born to demonstrate how smart
governance concepts can be used to facilitate construction and city planning processes [24].
By supporting logistics to, from and on urban construction sites, external costs generated
by transport could be alleviated. Concluded in November 2021, the project delivered a
smart governance concept supporting urban development decision processes [25]. This
concept highlighted the need for the testing the framework developed within the project
to enable the monitoring and quantification of both the off-site and on-site impact of CL
scenarios, and to be deployed on project, portfolio and city levels [21,25].

The aim of this paper is to provide the integration of the impact assessment methods
developed through the MIMIC project. Two distinct and complementary methodologies,
External Cost Calculations (ECC) and Life Cycle Assessment (LCA), have been used to
evaluate the use case selected in this study.

After this introduction section, a description of the theoretical impact assessment
framework is outlined, followed by the methodology used in this study. Then, the results
of the impact assessment applied in a demonstration pilot are presented and discussed.
Finally, the conclusions and limitations are presented.
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2. Theoretical Impact Assessment Framework

The impact from the case study is evaluated based on the methodologies presented in
the CL impact assessment framework developed through the MIMIC project [24], which
is presented in Figure 1 The framework is developed based on life cycle approaches and
covers four main iterative steps: (1) goal and scope definition, (2) data identification
and availability, (3) scenario and setup evaluation and (4) environmental performance of
scenarios. The following section gives an overview of these four steps.
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Figure 1. Off-site and on-site CL impact assessment framework [26].

Goal and scope definition: The goal and scope definition of the desired CL impact
assessment include the definition of the system boundary for CL activities, Construction
Logistics Scenarios (CLS) and key performance indicators (KPIs). The contextual elements
inherent to the construction project or city are identified (green), which form the basis
of the framework. These factors include the cultural and economic context (such as the
involved actors and scope of the construction programme, project and/or portfolio), details
on the logistics case (such as the logistics’ scope and environment, the considered transport
modes or transport limitations) and construction site characteristics (such as the amount
of materials required on-site and considered procurement criteria). These factors are
inherently linked to the defined scope, scenario and setup, which are defined as part of
the Smart Governance Concept 2.0 [25]. CLS can enable us to consider alternative CL
solutions to improve the efficiency and performance of CL activities defined in the Smart
Governance Concept 2.0: (1) defining goals and scope (based on contextual foundations)
at the strategic level in the decision-making process, (2) planning possible contextual and
logistics scenarios to achieve the goals defined at the strategic level and (3) testing and
implementing selected setups of scenarios at the operational level [27]. The goals and scope
definition of the construction programme, portfolio or project thus have a direct influence
on the choice of indicators considered in the evaluation methods (Cfr. ECC and LCA).
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Data identification and availability: After consideration of relevant key performance
indicators, the next step is to identify the available logistics data. Both LCA and ECC
methods need detailed transport inventory data from CL activities [26]. Examples of
relevant calculation variables are the transport distance, the road type, the traffic situation,
vehicle characteristics and transported volume, some of which are fundamental, and some
can serve as enrichment to the analysis [14]. The main methodologies used thus far to assess
the external costs of construction logistics include traffic counts, surveys and/or data from
CLS, which have served in a number of impact assessments in the sector [14]. However,
current studies could not evaluate this burden using robust and adequate performance
indicators, i.e., vehicle- or tonne-kilometres, which are necessary in the calculation of
transport externalities [14]. For this reason, environmental impact reports are often lacking.

Scenario and setup evaluation: The collected data are then input as part of a scenario
and/or setup evaluation (yellow) using the two complementary methodologies highlighted
above, ECC and LCA. These methodologies are used to evaluate both the on-site and off-site
CL activities. LCA is used to evaluate the direct and indirect environmental impact of both
on-site and off-site CL activities by utilising climate change and resource use as KPIs. ECC
has proven its relevancy to evaluate the monetarised environmental and social impacts of
transport and off-site CL by utilising cost related to climate change, air pollution, congestion,
noise, accidents and infrastructure damage [5,28]. More details on both methodologies
used can be found in [14] and [26]. The scenario and setup evaluation aims to investigate a
wide range of solutions in comparison with a baseline (business-as-usual) for the defined
scenarios and setups and input criteria from the involved stakeholders. The evaluation is
conducted based on input and background data collected, using LCA and ECC methods.
These evaluations can be further enriched based on preferences put forward by the involved
stakeholder, for example, by means of a Multi-Actor Multi-Criteria Analysis (MAMCA) [29].
For transport of materials, machinery and waste, both methods utilise the transport distance
and vehicle characteristics as main calculation variables. Table 1 summarises the scope and
data used by the ECC and LCA methods.

Table 1. Scope and data used by the ECC and LCA methodologies [26].

External Cost Calculations (ECC) Life Cycle Assessment (LCA)

Damage costs or impact
categories

All major transport-related externalities:

• Air pollution (all regulated and important
non-regulated air pollutants in
g/pollutant and monetary values)

• Climate change (in g/pollutant and
monetary values)

• Congestion (monetary)
• Noise pollution (monetary)
• Accidents (monetary)
• Loss of habitat costs (monetary)
• Well-to-tank costs (monetary)

Impact categories for LCA:

• Climate change (GHG emissions in kg
CO2-equivalent)

• Resource use

# Primary energy use (MJ)
# Non-renewable energy use (MJ)
# Renewable energy use (MJ)

Logistics activities
(scope/physical system
boundaries)

Transport activities (all transport modes
off-site: cargo bike, road, IWT, rail, maritime,
air):

• Transport of materials to and from the
construction site

• Transport of machinery to and from the
site

• Transport of waste

On-site and off-site logistics activities (road):

• Transport on-site and off-site of building
materials

• Transport of construction machinery
• Transport of waste (incl. packaging)
• Transport of construction workers
• Temporary work (production and

transport)
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Table 1. Cont.

External Cost Calculations (ECC) Life Cycle Assessment (LCA)

Life cycle stages for logistics
activities and geographical
representativeness

Off-site CL across all transport modes (cargo
bike, road, IWT, rail, maritime, air):

• IWT, hinterland and urban (or last mile)
freight transport flows

• (Inter)national and regional/local
geographical level

The scope is clearly defined on the transport
operation or vehicle usage part. Manufacturing
and end-of-life are not considered.

Entire life cycle of on-site and off-site logistics
activities, including:

• Production of machinery, vehicles,
temporary installations etc.

• Operation of these (mainly energy use)
• End-of-life of these

Geographical representativeness: international
and regional/local geographical levels.

Granularity and
differentiation of calculation
variables (life cycle inventory)

Calculation variables:

• Origin–Destination (vkm/tkm):
OD/route (GPS), road type, environment
type (or receptor densities);

• Time of the day
• Traffic situation
• Vehicle characteristics: transport mode,

vehicle capacity, vehicle propulsion type,
vehicle consumption (emission class),
vehicle speed (link/segment), cargo type,
loading rate

Type of data for life cycle inventory:

• Vehicle and machinery type
• Number of trips/distance;
• Transport distance
• Amount of fuel (or energy consumption)
• Duration on site (e.g., vehicle, electricity)
• Amount and type of products, temporary

work/equipment (e.g., kg of fence, # of
barracks)

• Type and amount of waste

Environmental performance: The output of the framework then presents the environ-
mental performance of CLS (orange). The considered framework takes into consideration
all major transport externalities (climate change, air pollution, congestion, noise, accidents,
infrastructure damage, habitat loss and well-to-tank costs) and its impact throughout the
life cycle of the construction vehicle (including GHG emissions, primary energy use, renew-
able and non-renewable energy use). The framework allows for the impact assessment of
all off-site (cargo bike, LCV, HGV, barges, maritime and aviation) and on-site (construction
machinery) construction vehicle modes and types. Consequently, different CLS and setups
can be evaluated against one another, either compared to a baseline (business-as-usual) or
to simulated scenarios.

3. Materials and Methods

This section presents the methodological approach, which covers (1) a description of
the case study, (2) the system boundaries of the CL activities, (3) the impact assessment
framework and ECC/LCA methodologies and (4) scenarios used as part of the demonstra-
tion case.

3.1. Case Study Description and System Boundaries

The considered pilot case in this paper is the City Campus construction site located in
the Brussels-Capital Region (BCR). The project will ultimately result in a 17,600 m2 SME
park for agri-food companies and social and student residences. The City Campus was
selected in this paper as it was a demonstration case in the MIMIC project with access to
relevant background data used for the analysis. Furthermore, this case was chosen as it
is representative of large construction sites in the BCR, in terms of transport accessibility,
material and volume requirements, local population density and the wide variety of vicinal
stakeholders [21]. The construction site is promoted by a public–private collaboration
between Brussels Mobility, the Brussels City Development agency (CityDev) and main
building contractor, Van Roey Vastgoed. The area where the site is located has a population
density of 6394.34 inhabitants/km2 and a total population of 108,940 inhabitants. The site
is located within the Brussels Outer Ring (R0), offering a variety of relevant and potential
transport accessibility entries and exits: the area is in proximity of major road axes such as
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the R0 ring of Brussels and the E19 highway, as well as the main navigable inland waterway
axes of the Brussels-Charleroi Canal and the Willebroekse Vaart. The neighbourhood offers
a rich diversity in vicinal stakeholders, including a shopping centre, a higher-education
college and various local businesses. The construction traffic has a dedicated entrance
and exits through the site, through which the vehicles can unload materials in an on-site
delivery way.

As shown in Figure 2, the CL activities are divided into two main parts: (1) the
transport of materials, mass, waste, machineries and workers to and from the construction
site (referred to as “off-site CL activities”); and (2) operation of construction machineries,
storage and installation of material; use of auxiliary/temporary installations; and materials
and waste flows within the construction site (referred to as “on-site CL activities”). In this
study, road and inland waterway transport modes were considered, covering off-site CL
for (1) the transport of materials, (2) the transport of machinery and (3) the transport of
waste to and from the site. The construction of workers was not included in this analysis.
Geographically, the scope of the transport activities to and from the site was defined within
the boundaries of the territory of Belgium, with a focus on the BCR. The entire life cycle was
considered, including the production, the operation or transport usage and the end-of-life
part.
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3.2. Transport Data

Construction-related transport data were captured using on-board units (OBUs) for the
duration of one year, from 1 November 2020 to 31 October 2021. The OBUs, GPS trackers,
are mandatory for heavy goods vehicles (HGVs) with a maximal authorised mass superior
to 3.5 tonnes driving in or through the Belgian territory, and were initially implemented in
2016 as part of the kilometre charge for this segment on the entire Belgian road network [30].
This forms a strong dataset because information is collected on both the trip level and the
vehicle characteristics, as the kilometre tax is differentiated based on, amongst others, the
distance travelled and how environmentally friendly the vehicle is. The traffic situation
was based on assumptions based on data from Vlaams Verkeerscentrum [31], TomTom [32]
and the Federal Planning Bureau [33] and was subdivided into 4 traffic scenarios: free flow
(47.527%), over capacity (9.473%), congested (29.000%) and near capacity (14.000%). The trip
information contains geometric data accurate on 30” intervals, for which an algorithm was
developed to filter unique vehicles delivering to sites and deriving their origin–destination
routes through their GPS string and GIS processing using ArcGIS Pro [34], resulting in
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travelled vehicle-kilometres (vkm) of the trip. Additionally, the road and environment type
were derived by means of GIS processing [34]. On the vehicle level, OBUs directly capture
information on the transport mode, its capacity (MAM), the vehicle’s propulsion type, its
consumption (emission standard) and speed. The loading rate was based on EU averages
differentiated on the trip’s used vehicle type and capacity [15]. As light commercial vehicles
(LCVs) were not used as part of the implemented use case (except for the transport of
workers, which is considered out of scope), no data were collected or analysed for this
vehicle segment. Logistics data for alternative transport modes, i.e., inland waterway
transport, were collected ad hoc during the implementation of the pilot case.

3.3. Scenarios

Next, a scenario evaluation was conducted, for which 4 alternative scenarios were calcu-
lated against a baseline scenario (business-as-usual, BAU), which are represented in Table 2. The
scenarios were developed based on the CL goals as formulated in the “Good Move” mobility
and logistics plan for the BCR [23]. These were then further detailed using a top-down approach
in consultation with the above-mentioned partners, including financially viable options for
the construction company (such as the implementation of a temporary water-bound consoli-
dation hub for building materials in vicinity of the construction site and the available vehicle
technology on the market [35,36]. The BAU scenario considers CL operations as they were
during the period of analysis, i.e., the site being supplied primarily by HGVs, with dedicated
inland waterway transport flows between May and August 2020 through the water-bound
construction hub. Scenario 1 (increased material deliveries by barge transport) simulates the
effect of delivering 37.26% of the total material volume compared to BAU by means of inland
waterway transport in the same nearby construction hub used in the BAU scenario (2.1 vkm
via road to the site). This represents the share of materials used in the construction of over
30 construction sites in Brussels, sourced via the Brussels Construction Consolidation Centre.
This forms a realistic proxy for the share of materials that can easily be transported via inland
waterways (with a material manufacturer located near navigable waterways and accessible
(un) loading cargo type) [37]. The remaining transport flows are organised BAU. Last mile
delivery from the hub (2.1 vkm) is organised using 34 t EURO 6 HGVs, which are the most
common for BCR construction deliveries from the OBU dataset. Scenario 2 is based on Scenario 1
(37.26% IWT), with the exception that only tank-to-wheel zero-emission propulsion technologies
are allowed for the last mile road delivery. This resonates with the ambition of Brussels of
becoming a zero-emission zone (ZEZ) for transport, where road freight transport is organised
by battery electric, hydrogen or hybrid vehicles [23]. IWT and rail are still allowed to travel
with thermal engines. Finally, Scenario 3 starts from BAU and envisions the concrete delivery
to the City Campus construction site to be operated by electric concrete trucks using the same
concrete supplier as in BAU, located 1.3 vkm from the site. This scenario is in line with the
envisioned ZEZ in Brussels, and assumes companies starting to invest in construction-specific
zero-emission vehicles. The considered electric concrete trucks have a payload of 10 m3 (instead
of the conventional 14 m3 on diesel) and a driving range of 150 km [35,36].

Table 2. Considered scenarios for the scenario evaluation of the demonstration case.

Scenario Definition

0. Business-As-Usual (BAU) Baseline scenario which considers construction operations as they have been operated during the period of analysis.

1. Increased material deliveries by barge
(IWT)

Scenario simulating the effect of delivering 37.26% of the total material volume compared to BAU by means of
inland waterway transport in the same nearby construction hub used in the BAU scenario. Last mile delivery from
the hub is organised using HGVs.

2. Zero-emission last mile delivery Scenario based on Scenario 1, with the exception that only zero-emission propulsion technologies are allowed or the
last mile road delivery from the water-bound hub.

3. Electric concrete trucks Scenario based on BAU, envisioning the concrete delivery to the City Campus construction site to be operated by
electric concrete trucks using the same concrete supplier as in BAU.

4. Combination of measures (Sc.2 + 3) Scenario in which 37.26% of the material volume was shipped over water, zero-emission vans stood in for the last
mile delivery and all concrete was transported with electric concrete trucks.
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3.4. ECC and LCA Methodologies: Environmental Performance

ECC and LCA methods follow a life cycle perspective and cover two aspects of sustain-
ability, namely, economic and environmental dimensions [14,26]. As these environmental
nuisances are not included in the market price of transport activities, the polluter is not held
financially responsible [38]. The ECC method therefore analyses the environmental damage
costs and includes the monetarised effects of environmental and social impacts which
are not directly covered by suppliers, producers, consumers or the government [39,40].
This can be measured for all considered transport modes (road, rail, inland waterway,
maritime and aviation transport). The life cycle perspective includes both the direct (e.g.,
from the transportation itself) and the indirect (e.g., from production of the vehicle and fuel
consumed during the transport usage) environmental impacts.

The LCA method uses GHG emission, in CO2-eq., and energy use, in cumulative
energy demand, indicators to analyse the environmental performance of on-site and off-site
construction logistic activities [38]. However, the ECC method evaluates the costs related to
climate change, congestion, accidents, noise, air pollution, loss of habitat and well-to-tank.
Both methodologies, with their respective scope, are thus complementary and necessary to
gain a holistic view of the environmental and economic impact generated by construction
logistic activities. For transport of materials, machinery and waste, both methods utilise
the transport distance and vehicle characteristics as the main calculation variables. Table 1
summarises the scope and data used by the ECC and LCA methods.

4. Use Case Analysis and Results

The framework presented in the previous section was then deployed on a use case in
the Brussels-Capital Region, which is explained in this section.

4.1. Impact Assessment Results

Figure 3 shows the month-over-month external costs and measured vehicle-kilometres
generated by transport movement to and from the City Campus construction site in the BCR.
The sparklines represent the measured vehicle-kilometres, subdivided in IWT (blue), urban
road (red), suburban or rural road (yellow) and total (green) vkm per month. Analogically,
the chart columns represent the engendered external costs per month with the same colour
coding. February, April and May show subnormal production figures due to bad weather,
which translates to a lower than usual number of deliveries. In addition, April and May
were hit by a lockdown period in Belgium and Brussels, which implicated (1) the partial
shutdown of construction activities and (2) the consideration and unavailability of foreign
workers returning to Belgium respecting the mandatory quarantine period of 2 weeks. The
month of July reflects the construction holiday period, a period of 3 weeks during which
the construction sector is collectively and simultaneously inactive to optimise holiday
schedules in the sector [41,42]. The months of March, July and September reflect large
deliveries of concrete and reinforced steel for the foundation and superstructure of the
building. Additionally, in September, approximately 3500 m3 of concrete, 97 t of steel (four
heavy truck-trailers), 120 t of insulation materials (six 20 t truck-trailers), windows, roof and
sealing were delivered to site. August and September show the transition from structural
work (superstructure) to the sealing (wall, windows, roof, insulation) construction phases
of the site. The construction also provisioned an internal material stock stored on-site for
later months to compensate for strong material price increases in the market, explaining
the lower volumes transported to the site in October 2021.
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Following a stakeholder workshop on sustainable CL organised in November 2020
as part of the same MIMIC project [21], the construction firm, city development agency
(and promotor of the pilot construction site) and the Port of Brussels sat together to identify
possibilities to supply the site by means of alternative transport modes. This culminated
in the implementation and trial of a water-bound construction hub located on the south
end of the Brussels Canal Region, 2.1 km from the City Campus site. The construction
hub supplied three large construction sites of the same construction firm in the same area,
and remained active between May and August 2021. Each month, approximately 150 t of
materials (mainly prefabricated composite beams for an equivalent of six 25 t trucks per
month) for the City Campus site were delivered by barge to the construction hub, where
they were transported by HDV for the last mile to site. Although reductions in external
costs were noticeable, the construction hub was closed due to (1) too high processing, rental
and transport costs (even with JIT benefit), which are typically borne by subcontractors,
and (2) the additional risk of damage due to trans-shipment and theft (especially given the
material price inflation) in the supply chain.

The densest material delivery paths to the City Campus site are found in the city’s
quarter in and around the municipality of Anderlecht. However, the results show that
a large part of the Brussels-Capital Region (BCR) bears the consequence of transport
movements to this construction site, which has consequences for the traffic and road
network as a whole. The heatmap represented in Figure 4 highlights that next to all roads
in the BCR have been used (orange), and heavily used on the yellow and purple axes. The
results show that the impact of this individual construction site is not limited to its own
surface and immediate surroundings, but also the wider transport network (the Brussels
Ring (R0), the E19 highway infrastructure and the road network along the canal region
with the presence of construction material suppliers) and the city as a whole, as depicted
by Fredriksson et al. [27].
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4.2. Scenario Evaluation

The results in Table 3 and Figure 5 show that further use of a construction hub with
deliveries (Scenario 1) reduces total external costs by 26.27% compared to BAU. This
reduction is mainly realised by a reduction in congestion costs (−37.26%) due to fewer
trucks on the road network infrastructure, and the use of otherwise unused inland waterway
infrastructure for the majority of travelled vehicle-kilometres to site. Large reductions are
also reflected in climate change costs (−21.85%), infrastructure costs (−37.58%) and noise
nuisances (−37.26%). While the setup of using this water-bound hub is beneficial across the
entire analysis, it needs to be noted that the impact of air pollution is higher than in BAU
(+87.79%), which comes forward due to a lag in modern vessel engines and their outdated
emission standards in the sector.
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Table 3. Monetary impact of externalities for the considered scenarios (external costs expressed in
EUR2016).

BAU Scenario 1 (37.26% IWT) Scenario 2 (Scenario 1 + ZE LCV Last Mile) Scenario 3 (Electric Concrete
Trucks)

Scenario 4: IWT + ZE LCV + Electric Concrete
Trucks

HGV
(diesel)

IWT (350
t
CCNR2)

HGV
(diesel)

IWT (350 t
CCNR2)

HGV
(diesel)

IWT (350 t
CCNR2) LCV (BEV) HGV

(diesel)

Electric
concrete
trucks

HGV
(diesel)

IWT (350 t
CCNR2)

BEV (LCV +
concrete
trucks)

Air pollution 6646.92 1960.30 4170.27 11,993.13 4162.57 22,993.13 3.17 4756.94 4.53 4087.86 22,993.13 7.71

Accidents 10,780.59 100.12 6763.74 3206.67 6755.75 3206.67 73.80 10,703.09 108.45 6678.26 3206.67 182.25

Climate change 20,539.91 592.96 12,886.74 3627.70 12,842.09 3627.70 0.00 19,949.68 0.00 12,408.80 3627.70 0.00

Congestion 81,870.65 0.00 51,365.64 0.00 50,783.65 0.00 2158.71 78,933.76 2603.45 45,136.74 0.00 4762.16

Loss of habitat 5192.99 171.57 3258.08 54.95 3249.36 54.95 33.19 5108.33 118.49 3164.69 54.95 151.68

Infrastructure 20,241.37 131.42 12,699.43 15.87 12,154.71 15.87 83.68 19,911.36 7396.80 6869.44 15.87 7480.48

Noise 14,710.88 0.00 9229.61 0.00 9224.99 0.00 0.00 13,272.61 0.00 9180.16 0.00 0.00

Well-to-tank 4783.60 259.64 3001.23 1588.51 2988.95 1588.51 159.36 4646.14 227.56 2869.77 1588.51 386.92

SUM 167,982.92 123,861.60 125,160.82 167,741.22 123,853.77
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Figure 5. External cost scenario evaluation for the Brussels pilot construction site.

When the water-bound hub is coupled with zero-emission (battery-electric) LCVs
to operate the last mile (Scenario 2), results show that overall external costs moderately
increase compared to Scenario 1 (+1,04%). Although the zero-emission last mile delivery
shows promising results in terms of air pollution, climate change and noise costs (important
in an urban setting), their cumulative reduction is offset by increased congestion costs. As
long as electric HGVs are not ubiquitous, zero-emission transport is likely organised by
LCVs with a smaller capacity, leading to more vehicle-kilometres and associated costs in
terms of time and congestion in an urban setting.

Scenario 3 comes to a similar conclusion—as electric concrete trucks have a slightly
lower capacity (from 14 to 10 m3 compared to the conventional diesel concrete truck), the
cost of the extra travelled vkm is also reflected in higher congestion costs compared to
BAU. However, the emission reduction potential is higher, leading to an overall decrease
—although limited—in external costs.

From the last considered scenario, it is shown that a combination of measures will
be needed to achieve more sustainable off-site CL. Scenario 4 presents the combination
in which 37,26% of the material volume was shipped over water and zero-emission vans
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stood in for the last mile delivery (cfr. Scenario 2), and all concrete was transported with
electric concrete trucks (Cfr. Scenario 3).

Conclusively, off-site zero-emission construction vehicles are the way forward if cities
want to achieve zero-emission logistics by 2035. However, we must consider market readi-
ness to provide for vehicles with a sufficiently large transport capacity (size). Otherwise,
the positive effects on air pollution, climate change and noise risk being offset by extra
saturation of the road transport network and its associated congestion and infrastructure
damage costs.

5. Conclusions and Limitations

In this paper, we present a sustainability assessment framework for the environmental
impact assessment of both on-site and off-site CL. The framework is developed based on
life cycle approaches and covers four main iterative steps: (1) goal and scope definition, (2)
data identification and availability, (3) scenario and setup evaluation and (4) environmental
performance of scenarios.

The developed framework is in line with challenges faced in the CL sector and (1) is
flexible enough to cope with specific and detailed local constraints, whilst generic enough
to allow comparability across the national demonstration cases and ultimately throughout
urban CL; (2) can accommodate different scenario and setup scopes, up-scalable to the
project or city size and needs, based on relevant key performance indicators (inherent to
ECC and LCA methodologies); and (3) takes into consideration the data availability issue
in the sector.

Specifically for the Brussels-Capital Region, the framework enables us to simulate and
gain insights in various (future) CLS. Striking is the interplay between the path to decarbon-
isation and zero-emission transport activities, and the heavy burden on the road transport
network if zero-emission heavy goods vehicles are not ubiquitous in the following decade.
Hence, the readiness of the economic, manufacturing and infrastructure market should
be taken into consideration to achieve zero-emission urban CL logistics. Otherwise, the
positive effects on mainly air pollution, climate change and noise risk being offset by extra
saturation of the road transport network and its associated congestion and infrastructure
damage costs.

The presented use case implementation in this paper covers the main transport move-
ments and activities. However, further research can be conducted to cover additional
transport modes (e.g., cargo bike deliveries, which were not present in this case) and trans-
port activities (such as the transportation of workers or detailed usage of on-site machinery).
Although this case study is founded on robust and next to exhaustive calculation variables
(vehicle-kilometres, road and environment type linked to detailed vehicle characteristics),
OBUs do not capture the vehicle’s loading rate. Therefore, future research could try to
solve for this assumption.
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