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1 Executive Summary 
 

The main objective of this deliverable is to test the Dynamic Planning approach developed in 

WP2 in the cities of Zaragoza and Dublin local frameworks, aiming to evaluate the 

effectiveness of such dynamic/machine learning planning Tool if compared with the current 

mode of delivery of goods in urban areas.  

 

Through scenario simulations, various hypotheses and theories identified during the 

predictive model were tested. Furthermore, simulations have been used to validate and 

evaluate the impact of other policy/infrastructural measures in the BAU and also to evaluate 

which scenarios are the most suitable. 

 

2 Introduction 
2.1 Purpose 
Multi-Criteria Analysis (MCA) is a decision-making tool developed for the management of 

complex problems. It is a tool which utilises Criteria and Indicators to compare measures 

and give them values, although these may not be explicitly financial ones.  

For MCA a criterion is a principle or standard that is judged by which information provided by 

the indicators (or attributes) are assessed. 

Indicators or attributes are the variables, measures in this case, which are to be evaluated. 

Another important element of MCA are the verifiers, which provide guidance on the condition 

of an indicator. 

The MCA used for the evaluation of scenarios of Senator Project used a bottom-up approach.  

This approach allows the local involvement in the analysis to ensure a lasting impact and a 

long-term management of measures to be selected.  

The Senator Project has involved the stakeholders and an expert group which provided its 

knowledge and experience as regards to the understanding of criteria and indicators and to 

the allocation of their hierarchy.  

The expert group was comprised of a variety of stakeholders with different advocacies on the 

issues to bring about diverse perspectives to the process. 

 

2.2 Relation to other Deliverables 
Deliverable D2.5 is related to deliverable D2.3 and D2.4 of Work Package 2, being the 

deliverable where a simulation of SENATOR scenarios was done according to optimization 

models for dynamic planning designed in other tasks of WP2. 

This deliverable is functional to acquaint Zaragoza and Dublin technicians to the SENATOR 

Planning tool to facilitate activities development in WP4.  
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3 Multiple Criteria Decision Aid 
 

Multiple Criteria Decision Aid (MCDA) is a valuable and widespread tool, able to tackle 

problems involving more than one objective and a choice among alternatives. MCDA allows 

for multiple objectives, the use of different types of data and the involvement of different 

stakeholders. MCDA problems are made of five components:  

 

1) Goal;  

2) Decision makers and their preferences;  

3) Alternatives;  

4) Evaluation criteria;  

5) Outcomes of alternative/criteria combination. 

 

The methodology involved in this specific decision-making process includes the following 

steps, as shown in Figure 1: 

 

1. Determining the decision problem: decision-makers must be fully aware of the problem 

of the decision. It is essential that they identify, understand, and define the problem before 

making a decision. This process must be able to identify the root causes, carefully limiting 

the cases. Problematic categories relate to selection, classification, and description. 

2. Identifying alternative solutions: an important part of the decision-making process 

involves analysing a finite set of alternatives. This step is performed in parallel with the 

criterion determination as the two steps determine, to some extent, each other. It is crucial 

that the choice of alternatives is made with special care, taking care to select only solutions 

that can be compared with each other. 

3. Selecting the decision-making criteria: the determination of the criteria to be used to 

make the decision between alternative solutions must be based on objectives. A decision 

problem that contains a large number of criteria is particularly useful for delivering better 

alternatives. An ideal set of criteria should be functional, understandable, and should not 

overlap. 

4. Distributing the weights for each criterion: the weights in the criteria need to be 

determined after an extended analysis of the problem to reflect the importance of the 

decision-making parameters accurately. Various methods can be used to facilitate weight 

distribution. 

5. Rating alternatives for each criterion: before starting to solve the problem, each 

alternative needs to be graded for each decision-making criterion. Each criterion can have its 

own rating scale, which can be based on both quantitative and qualitative data. Upon the 

completion of the grading, a table is created that will be used to solve the problem. 

6. Selecting the decision-making method: based on the inputs from the weights of the 

criteria and the rating of the alternatives for each criterion, specific methods can be selected 

and applied that will facilitate the decision making. 
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7. Evaluating alternatives based on criteria, weights and methods, and finding the best 

alternative solution: starting the solution, the appropriate method is applied in order to 

evaluate the alternatives and to allow the choice of the optimal solution. Finally in the last 

step of process the optimal alternative is determined, and the goal of process is achieved. 
 

 

 
 

Figure 1 - Steps of the Decision-Making Methodology 

Some methods potentially suitable for decision-making contexts related to the urban freight 

transport sector are listed below: 

 

● Analytic Hierarchy Process (AHP); 

● Analytic Network Process (ANP); 

● PROMETHEE; 

● NAIADE; 

● WSM method; 

● DEFINITE package. 

 

The specifications on the identified MCDA methods are shown in the next section. 

 

3.1 MCDA methods 
 

3.1.1 Analytic Hierarchy Process (AHP) 
AHP - developed by Saaty (1977, 1980) - is a particularly useful method when the decision 

maker is unable to construct a utility function. The aim is to obtain a ranking with the scores 
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of the alternatives based on their degree of preferability, considering the evaluation criteria 

as independent from each other. The operational steps of the AHP method include: 1. 

Decision-making problem structuring in a hierarchy (goal, criteria, sub-criteria, alternatives); 

2. Elicitation of priorities through pairwise comparisons; 3. Consistency check of the 

judgments; 4. Sensitivity analysis. 

The use of pairwise comparisons is generally evaluated on the fundamental 1-9 scale, that 

is a qualitative-quantitative scale based on 9 semantic judgments. Regarding the priority 

calculation, that is the score that ranks the importance of the alternative or criterion in the 

decision, three types of priorities have to be calculated: 

● Criteria priorities: importance of each criterion with respect to the goal; 

● Local alternative priorities: importance of an alternative with respect to one specific 

criterion; 

● Global alternative priorities: priority criteria and local alternative priorities are 

intermediate results used to calculate the global alternative priorities. The latter rank 

alternatives with respect to all criteria and the overall goal. 

 

3.1.2 Analytic Network Process (ANP) 
ANP is a generalization of AHP which deals with dependencies. The aim indeed is to obtain a 

ranking with the scores of the alternatives based on their degree of preferability, considering 

the dependencies (or interrelationships) between different criteria. Dependencies are closer 

to reality and, as a result, yield more accurate results. As dependencies can arise between 

any of the elements in the decision problem (i.e. alternatives, criteria, sub-criteria, goal), the 

model is no longer linear as in AHP: hierarchy is not necessary and levels are replaced by 

clusters which contains nodes or elements. The clusters are connected by a line, which in 

turn means that the elements or nodes contained are connected. An outer dependency or 

feedback is a correlation between two clusters. For example, there can be an outer 

dependency between the criteria cluster and the alternative cluster: the weight of the criteria 

depends on the available alternatives. An inner dependency or loop is a correlation of 

elements in the same cluster, generally in the criteria cluster and rarely in the alternative 

cluster. 

The operational steps of the ANP method include: 1. Decision-making problem structuring in 

a network; 2. Influence matrix construction; 3. Pairwise comparisons; 4. Final ranking of 

alternatives. 

The influence matrix records with a cross any dependency between elements of the network. 

The pairwise comparisons are evaluated once again on the Saaty scale from 1 to 9. 

 

3.1.3 PROMETHEE 
PReference Ranking Organization METHod for Enrichment Evaluation (PROMETHEE) belongs 

to the family of outranking methods, which means that the method is based on pairwise 

comparisons of the options by means of an outranking or preference degree. The preference 

or outranking degree reflects how much better one option is than another. The aim is 
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providing the decision makers with a ranking of actions (choices or alternatives) based on 

stakeholders' preference degrees. Since the decision problem leads to no ideal solution, this 

method helps the decision makers to identify a compromise one. 

The operational steps of the PROMETHEE method include: 1. Computation of preference 

degrees for every ordered pair of actions on each criterion; 2. Computation of unicriterion 

flows; 3. Computation of global flows; 4. Sensitivity analysis. 

On the basis of the global flows, a ranking of alternatives and graphical representations of 

the decision problem will be obtained. 

This method is based on the computation of preference degrees from the decision maker’s 

point of view. A preference degree is a score between 0 and 1 which expresses how an action 

is preferred over another one. A preference degree of 1 means a total or strong preference 

for one of the actions on the criterion considered. If there is no preference at all, then the 

preference degree is 0. On the other hand, if there is some preference but not a total 

preference, then the intensity will be somewhere between 0 and 1. 

The criterion pairwise preference degrees are summarized in the so-called unicriterion 

positive flows, the negative flows and the net flows. These scores measure how an action is 

preferred over all other actions (positive flows) or how it is preferred by all other actions 

(negative flows). The net flows are obtained by subtracting the negative flows from the 

positive ones, with a score between -1 and 1. 

In order to take into account all the criteria simultaneously, the decision maker needs to 

provide the relative importance of each criterion. A weight for each criterion must be 

assigned in order to aggregate (by means of a weighted sum) all the unicriterion flows into 

global positive flows, global negative flows and global net flows. 

The PROMETHEE I ranking is based on the positive and the negative flows. In this ranking, 

there are four different scenarios when analysing the flows of two actions: 1. One action has 

a better rank than another (if its global positive and negative flows are simultaneously 

better); 2. One action has a worse rank than another (if both global positive and the negative 

scores are worse); 3. Two actions are incomparable (if one action has a better global positive 

score but worse global negative score or vice versa); 4. Two actions are indifferent (if they 

have identical positive and negative flows). 

The PROMETHEE II ranking is based on the net flows only and leads to a complete ranking 

of the actions. 

As a graphical result of the method a Gaia plane will be obtained, which is a two-dimensional 

representation of a decision problem. It contains all the aspects of the decision problem: the 

actions, the criteria and the decision maker’s preference information (thresholds and 

weights). 

Lastly, through a sensitivity analysis ("walking weights" or "rainbow" methods) it is possible 

to test the stability of the ranking with respect to the input parameters. 
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3.1.4 NAIADE 
Novel Approach to Imprecise Assessment and Decision Environments (NAIADE) 

(Munda,1995) is a multicriteria evaluation method which performs the comparison of 

alternatives on the basis of a set of criteria. It allows the use of information affected by 

different types and degrees of uncertainty. The values assigned to the criteria for each 

alternative may be expressed in the form of either crisp, stochastic, fuzzy numbers or 

linguistic expressions. 

NAIADE is a discrete method (the set of alternatives is finite) that does not use traditional 

weighting of criteria. The aim is to obtain a ranking of alternatives (using a pairwise 

comparison technique) based on an index of intensity of preferences and a dendrogram of 

the possible coalitions among the stakeholders.  

NAIADE allows for two types of evaluations. The first is based on the score values assigned 

to the criteria of each alternative and is performed using an impact matrix (alternatives vs 

criteria). The second analyses conflict among the different interest groups and the possible 

formation of coalitions according to the proposed alternatives, with the computation of an 

equity matrix (collecting a linguistic evaluation of alternatives by each group).  

The result of the analysis identifies the best performing alternative with respect to the criteria 

and the alternative shared by the groups of Stakeholders. 

Regarding the multi-criteria analysis, NAIADE allows for a ranking of alternatives based on 

the preference intensity indexes μ*(a,b) and correspondent entropies H*(a,b). The final 

ranking comes from the intersection of two separate rankings. The first one Φ+(a) is based 

on the better and much better preference relations and with a value going from 0 to 1 

indicates how a is “better” than all other alternatives. The second one Φ-(a) is based on the 

worse and much worse preference relations, its value going from 0 to 1 which indicates how 

a is “worse” than all other alternatives. 

Regarding equity analysis, through a fuzzy clustering algorithm the dendrogram of coalition 

formation is built. It shows possible coalition formation for decreasing values of the similarity 

index and the degree of conflict among interest groups. 

 

3.1.5 WSM method  
WSM is the earliest and most common used method. The assumption that governs this model 

is the additive utility assumption. The WSM can be applied in problems with different 

alternatives and one indicator, where the units that describe the indicator are the same for 

all alternatives. Addition among indicator with different units is performed only after the 

different measurement units are normalized into a dimensionless scale and the utility Vi for 

each alternative is estimated by the following equation  

𝑉𝑖 = ∑ 𝑤𝑖
𝑛
𝑗=1 𝑟𝑖𝑗       i=1,,,,,m 

Where: rij is the normalized value of indicator j for alternative i. 
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WSM was used to evaluate sustainability of transportation systems based on the assessment 

of sustainability criteria (for example Nathanail, 2007, Maoh and Kanaroglou, 2009, Jeon et 

al. ,2010, Mitropoulos and Prevedouros, 2013, Gogas et al., 2014, Nathanail et al, 2016).  

They used WSM to aggregate normalized values of criteria into sustainability category indices 

and an overall sustainability index per studied scenario. 

 

3.1.6 ELECTRE 
The ELECTRE methods, whose acronym stands for Elimination and Choice Expressing 

REality, bring together a family of decision aid methods whose particularity is the partial 

aggregation based on the construction of relations of comparisons of the performances of 

each pair of solutions.  

Unlike classical optimization methods, which consist in formulating the problem in the form 

of a cost function and in searching its optimum, here we compare solutions 2 by 2, criterion 

by criterion putting forward a preference/indifference of a response to another and resulting 

in an over ranking matrix.  

These methods have the advantage of accepting situations of incomparability with 

qualitative and immeasurable criteria. 

 

3.1.7 DEFINITE 
DEFINITE (decisions on a finite set of alternatives) is a decision-making software package 

that has been developed to improve the quality of environmental decision making 

(Herwijnene & Janssen, 1988). DEFINITE is, in fact, a whole tool kit of methods that can be 

used on a wide variety of problems. It improves the quality of decision-making in light of its 

characteristics: 1. it structures the decision-making process; 2. it makes full use of available 

information; 3. it provides a rational, responsible and justifiable decision; 4. it allows for the 

exploration of all options through the definition of scenarios. 

The software includes five different multiple criteria decision methods (MCDM), as well as 

Cost-Benefit and Cost-Effectiveness analysis. Related procedures such as weight 

assessment, standardization, discounting and a large variety of methods for sensitivity 

analysis are also available, as well as a number of graphical methods to support 

representation. Here are the main MCDM included in DEFINITE: 

• The weighted sum method is the main sorting method, which is derived from the 

weighting phase: for each alternative, the sum of the products of the values in the 

evaluation matrix is calculated for the weights attributed to the various indicators. It 

is used especially in the case of quantitative data, since it is a weighted evaluation of 

the values of the various indicators for each alternative. The best alternative is the 

one with the highest weighted sum; 

• Regime analysis operates on the basis of pairwise comparisons of alternatives. In 

this case, however, neither the value nor the difference between the elements of the 

matrices is taken into account, but only the majority or minority relationship between 
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them. This is a qualitative method, and thus aims to provide a tool for analysing 

complex situations that cannot be modelled by means of quantitative information; 

• The EVAMIX method (EVAluation of MIXed criteria) is based on the construction of a 

matrix of alternatives on the basis of evaluation criteria that take into account both 

quantitative and qualitative elements. It is a mixed evaluation technique: initially, the 

two types of data are separated by making two separate evaluations using the 

specific techniques. Subsequently, a linear combination of the findings is made. From 

a procedural point of view, this approach consists of five steps: 1. Making a distinction 

between ordinal and cardinal criteria; 2. Calculating dominance scores for all ordinal 

and cardinal criteria; 3. Calculating standardised dominance scores for all ordinal and 

cardinal criteria; 4. Calculating overall individual dominance scores; 5. Calculating 

evaluation scores. 
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4 MCA methods used in the 
transportation field 
 

Some of the most widely MCDA methods used in the transportation field (see Table 1) are: 

• Analytic Hierarchy Process (AHP);  

• Preference Ranking Organization Method for Enrichment of Evaluations (PROMETHEE);  

• ELimination Et Choix Traduisant la REalite (ELECTRE); 

• WSM.  

Decision-making is the task of identifying and choosing alternatives based on values and 

preferences that are in agreement with the goals, objectives and desires of each plan (Harris, 

1998.) Selection of a decision-making methodology relies upon the level of complexity of 

each problem and the objectives of the decision maker. An initial separation between 

decision making methodologies is made based on the number of criteria/indicators for a 

given problem. For a problem with multiple alternatives and a single criterion, the decision 

maker has to determine the best alternative by comparing each alternative based on the 

value or the aggregate value of the criterion (problem optimization.) Several methodologies 

exist and have been adopted in the transportation sector for assessing projects and plans. 

Selective MCDM techniques include:  

• Bayesian decision making  

• Entropy technique  

• Expected value method  

• Goals achievement method  

• Utility function based methods: Analytical hierarchy process (AHP), Weighted Sum model 

(WSM), Weighted Product model (WPM)  

• Outranking methods (ELECTRE, PROMETHEE I and II, REGIME analysis). 

 
Reference AHP WSM PROMETHEE  ELECTRE 

Nathanail et al. (2016) x 
   

Nathanail and Papoutsis (2013) x 
   

Balm et al. (2014) x 
   

Antún and Alarcón (2014) 
   

x 

Sun et al. (2015) x 
   

Papoutsis and Nathanail (2016) 
 

x 
  

Gogas et al. (2014) x 
   

Macharis et al. (2014) 
  

x 
 

Özceylan et al. (2016) x 
   

Kaszubowski (2012) x 
   

Loch and Dolinayová (2015) x 
   

Mitropoulos and Prevedouros (2013) 
 

x 
  

Macharis et al. (2015) x 
   

Muñuzuri et al.(2016) 
 

x 
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Verlinde and Macharis(2016) 
  

x 
 

Michael Bruhn Barfod (2012) x 
   

Vermote et al. (2013) x 
   

Nathanail (2007) 
 

x 
  

Bekefi et al. (2001) 
   

x 

Klungboonkrong and Taylor (1997) x 
   

 
Table 1 - MCA methods used in the transportation field 
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5 Learning-based decision-making: 
scenarios evaluation 
5.1 Assessment framework: criteria and indicators 
The evaluation phase started with the definition of specific indicators, which represent one 

of the relevant tools for structuring an evaluation approach, allowing both to analyze existing 

phenomena and to evaluate impacts. Subsequently, a classification framework which takes 

into account specific macro- and micro-criteria has been developed. 

The set of 19 indicators is composed as follows: 

• CO concentration; 

• SOx concentration; 

• NOx concentration; 

• NH3 concentration; 

• PM10 concentration; 

• CO2; 

• CH4; 

• N2O; 

• Social costs of air quality and GHG emissions; 

• Number of  shipments; 

• Number of  routes; 

• Total km covered (including walking); 

• Total km covered by green modes (including walking); 

• Total veh-km covered by freight vehicles; 

• Total veh-km covered by green freight vehicles; 

• Vehicle utilisation factor; 

• Fixed costs; 

• Running costs; 

• Capital costs. 

The elaborated indicator classification matrix (Table 2) took into account the following 

'Impact areas' and Criteria: 

• Environment & society: Air quality, GHG emissions, Social costs; 

• Transport & mobility: Accessibility; UFT vehicles, Operative costs. 
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Impact 

area 

Criteria Indicator Data/unit 

Environment 

& Society 

Air quality CO concentration g/day 

SOx concentration g/day 

NOx concentration g/day 

NH3 concentration g/day 

PM10 concentration g/day 

GHG emissions CO2 g/day 

CH4 g/day 

N2O g/day 

Social costs Social costs of air quality and GHG emissions €/day 

Transport &  

mobility 

Accessibility Number of  shipments  n./day 

Number of  routes n./day 

Total km covered (including walking) km/day 

Total km covered by green modes (including 

walking) 

km/day 

Total veh-km covered by freight vehicles Veh-km/day 

Total veh-km covered by green freight 

vehicles 

Veh-km/day 

UFT vehicles Vehicle utilisation factor %/day 

Operative costs Fixed costs €/day 

Running costs €/day 

Capital costs €/day 

 
Table 2 - Criteria Matrix 
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5.2 Assessment tool: Multi-Criteria Analysis selection 
The multi-criteria approach allows the transformation of qualitative-quantitative matrices 

into an opportunity to compare alternatives. This originates from the definition of the 

alternatives themselves (and thus, in this case, the construction of specific logistic 

scenarios), the criteria and the weights assigned to them. 

The method considered most suitable for the decision-making problem under consideration 

is the Weighted Sum Method, performed by means of the DEFINITE software (see 3.1.7). 

This method made it possible to calculate the weights from the preference rankings deduced 

from the surveys subjected to the interest groups of the two pilot cities. The DEFINITE 

software also provides a decision support system, already used in the field of freight 

transport, capable of defining the problem in its multidimensional components, evaluating it 

and analysing its sensitivity. The objective of the evaluation is therefore to compare 

alternatives in order to identify the best-performing scenario.  Particular importance is given 

to indicators, which represent one of the pivotal tools for structuring an evaluation approach, 

allowing both the analysis of existing phenomena and the assessment of impacts. The hard 

data collected oriented the choice of method towards a quantitative evaluation. The data was 

therefore reported in an evaluation matrix, to be discussed later on, and subsequently 

entered into the software to perform the evaluation. 

 

5.3 SENATOR scenarios identification and simulation for 

Zaragoza 
In this analysis we have designed three scenarios to, on the one hand, validate the route 

planning tool developed in Tasks 2.2 and 2.3 in the Zaragoza case study, and, on the other 

hand, to help us understand what impact various policies can have on improving the 

sustainability of last mile logistics. To do this, more specifically, we have considered the 

following three scenarios: 

 

• Scenario 1: which reflects the current operations of Correos in the city of Zaragoza 

and allows us to define a basis on which to compare the results of the other scenarios. 

• Scenario 2: corresponds to the implementation of a Low Emission Zone in the centre 

of the city of Zaragoza. 

• Scenario 3: would correspond to the implementation of an Urban Consolidation 

Centre also in Zaragoza city centre. 

 

In addition, for each of the scenarios considered, three different fleet compositions have 

been simulated in terms of vehicle electrification ratio, with the aim of measuring the impact 

that different levels of fleet electrification would have on the three scenarios defined. Below 

we provide more details about the scenarios and the different fleet compositions evaluated. 
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5.3.1 Scenario 1: Baseline Scenario 
Scenario 1, or the baseline scenario, reflects the current situation of postal operations in the 

urban area of Zaragoza, where the following infrastructure is in place: 

 

- Nine Delivery Units distributed (DUs) throughout the city and dedicated to the 

delivery of postal items and small parcels. Most of the routes are on foot. 

- Two Special Service Units (SSU) that are located in the northern and southern areas 

of the city, respectively. They specialise in the delivery of larger parcels and therefore 

all routes are by vehicle. 

 

Figure 2 shows the distribution of the Distribution Units and Special Services Units in the city 

of Zaragoza: 

 

 

 
Figure 2 - Image of the area of study for the Zaragoza Scenario 1 and location of the DUs and SSUs 

 

In addition, Table 3 shows the composition of the fleet available in Correos in each of the 

SSUs and Delivery Units: 
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Depot Vehicle 
Category 

Technology Number 
of 
Vehicles 

Delivery Unit 1 Motorcycle Combustion 9 

Delivery Unit 1 Small Van Combustion 2 

Delivery Unit 3 Motorcycle Combustion 1 

Delivery Unit 3 Motorcycle Electric 1 

Delivery Unit 3 Small Van Combustion 1 

Delivery Unit 4 Motorcycle Electric 1 

Delivery Unit 4 Small Van Combustion 2 

Delivery Unit 5 Motorcycle Combustion 1 

Delivery Unit 5 Motorcycle Electric 1 

Delivery Unit 6 Motorcycle Electric 5 

Delivery Unit 7 Motorcycle Electric 3 

Delivery Unit 7 Small Van Combustion 1 

Delivery Unit 9 Motorcycle Combustion 2 

SSU 1 Large Van Combustion 9 

SSU 1 Motorcycle Combustion 2 

SSU 1 Motorcycle Electric 1 

SSU 1 Small Van Combustion 16 

SSU 1 Small Van Electric 2 

SSU 2 Small Van Combustion 15 

Table 3 - Fleet composition of Correos in Zaragoza 

 

As for the operation of the routes, Correos works in two shifts, one in the morning and one in 

the afternoon. The morning shift runs from 7:00 am to 3:00 pm, while the afternoon shift 

runs from 3:00 pm to 10:00 pm. Since postmen need time at the beginning of the shift to sort 

and prepare the items to be delivered and at the end of the shift to dispose of undelivered 

items, the time slots in which postmen run their delivery routes are from 8:00 am to 2:00 pm 

in the morning shift, and from 4:00 pm to 9:00 pm in the afternoon shift. 

 

With regard to the demand data, for the purpose of analysis, we have chosen the data on 

deliveries made by Correos on 13 and 14 September 2022, which we show below as 

distributed by day and by shift: 

 

Day Shift Shipments 

Sept 13, 22 Morning 11723 

Sept 13, 22 Afternoon 3794 

Sept 14, 22 Morning 11429 

Sept 14, 22 Afternoon 4296 

Table 4 - Number of shipments per day and shift 
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5.3.1.1 Alternative fleet compositions for Scenario 1 

For the simulation of this scenario, and analogously to the following scenarios, we have 

defined three different fleet compositions in terms of fleet electrification in order to 

understand what impact it may have in environmental and operational terms. The three fleet 

compositions considered are as follows: 

 

• Current fleet composition: in this alternative, the fleet has the same composition as 

the current Correos fleet shown in Table 3. 

• Electrification 50%: in this case, a fleet electrification of around 50% is considered, 

following the same composition in terms of vehicle typology (motorbike, large van, 

small van, etc.). 

• Electrification 100%: in this last alternative fleet composition, 100% electrification 

is considered, i.e., all vehicles in the fleet are electric. Similar to the previous case, 

the typology of the vehicles is maintained with respect to the current composition in 

order to facilitate the comparability of the results. 

 

The following table shows the number of vehicles per type and technology for each of the 

fleet composition alternatives considered. 

 

 

Vehicle 
Type 

Technology Current 
composition 

Electrification 
50% 

Electrification 
100% 

Large Van Combustion 9 9 - 

Large Van Electric - - 9 

Motorcycle Electric 12 27 27 

Small Van Combustion 37 15 - 

Small Van Electric 2 24 39 
Table 5 - Number of vehicles per type and technology for each of the fleet composition alternatives 

 

5.3.2 Scenario 2: Deployment of a Low Emission Zone 
The second scenario we have defined for this analysis considers the deployment of a Low 

Emission Zone in the historic centre of the city of Zaragoza, the delimitation of which is shown 

in Figure 3.  

 

The deployment of this Low Emission Zone implies that polluting vehicles cannot enter the 

area between 7 am and 11 pm. This would affect postal operations in the area as combustion 

vehicles would not be able to access the zone for delivery. Only postmen/postwomen on foot 

or on electric vehicles would be able to deliver items to the designated area. 
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The distribution of the orders that would be affected by the Low Emission Zone is shown in 

Table 6. As can be seen, the percentage of orders falling within the zone ranges between 9% 

and 15% depending on the shift and the day. 

 

 
Figure 3 - Delimitation of the area considered for the deployment of the Low Emission Zone in Zaragoza 

 

Day Shift Shipments % over all 
shipments 

Sept 13, 22 Morning 1731 15% 

Sept 13, 22 Afternoon 340 9% 

Sept 14, 22 Morning 1765 15% 

Sept 14, 22 Afternoon 577 13% 
Table 6 - Number of shipments per day and shift to be delivered at the LEZ 

 

5.3.2.1 Alternative fleet compositions for Scenario 2 

Analogously to the previous scenarios, we have defined three different fleet compositions in 

terms of fleet electrification following the same guidelines as in Scenario 1: Current fleet 

composition, Electrification 50% and Electrification 100%.  In this case, the only 

difference with respect to the fleet composition alternatives for scenario 2 is the fact that for 

the "Current fleet composition" alternative, the only two available electric vans are shifted 

from SSU 1 to SSU  2, as the LEZ is within the area of influence of the latter. These vans have 

been exchanged for combustion vans from SSU 2 so that the distribution of vehicles in SSU 
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1 and SSU 2 is the same. This swapping has been done in order to make the results more 

realistic, as, in a real scenario, such a swap would take place with a high probability. 

 

5.3.3 Scenario 3: Deployment of an Urban Consolidation Center 
The third scenario we have considered is the deployment of an Urban Consolidation Centre 

in the city centre of Zaragoza, specifically in the location where the San Vicente de Paúl 

Market is currently located, which will be one of the key locations in the city for the piloting 

to be carried out in SENATOR.  shows the location of the Urban Consolidation Centre and also 

its area of influence which would correspond to the postcodes 50003, 50004, 50001, 

50002, 50008, 50005, 50010, and 50013. 

 

The urban consolidation centre would be focused on the distribution of larger parcels, similar 

to the SSUs. Since no data was yet available from other operators, in order to simulate the 

impact of such an urban consolidation centre, what we have done is to force the parcels 

distributed by the SSUs that are destined for that area to be distributed from the urban 

consolidation centre. In this way, the shipments that would be distributed from the Urban 

Consolidation Centre would be those shown in Table 7. As can be seen, out of the total 

number of deliveries (considering postal and parcels), the percentage during the morning is 

small but during the afternoon is high. But if we focus on the larger parcels that would be 

distributed by this Urban Consolidation Centre and are currently distributed by the SSEs, we 

see that the percentages vary between 33% and 37%. In other words, we see that in this 

scenario, around one-third of medium and large parcels would be distributed from the Urban 

Consolidation Centre. 
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Figure 4 - Location of the UCC and area of influence of the UCC 

 

Day Shift Shipments % over all 
shipments 

% SSE 
shipments 

Sept 13, 22 Morning 459 4% 37% 

Sept 13, 22 Afternoon 903 24% 33% 

Sept 14, 22 Morning 400 3% 34% 

Sept 14, 22 Afternoon 1167 27% 37% 
Table 7 - Number of shipments per day and shift to be delivered at the area of influence of the UCC 

 

5.3.3.1 Alternative fleet compositions for Scenario 2 

In a similar way to the two previous scenarios, we have defined three different fleet 

compositions in terms of fleet electrification following the same guidelines as in Scenario 1: 

Current fleet composition, Electrification 50% and Electrification 100%.  However, in this 

case, we have considered that the Urban Consolidator Centre has its own fleet that is 

provided by different logistics operators. In a more specific way, we consider that the Urban 

consolidation Centre has 20 small vans whose distribution (combustion - electrification) for 

the three different alternative compositions are (20 - 0), (10 - 10), (0 – 20), for Current fleet 

composition, Electrification 50% and Electrification 100%, respectively. Thus, the fleet 

composition for each alternative in terms of vehicle type and technology is shown in Table 8. 
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Vehicle 
Type 

Technology Current 
composition 

Electrification 
50% 

Electrification 
100% 

Large Van Combustion 9 9 - 

Large Van Electric - - 9 

Motorcycle Electric 12 27 27 

Small Van Combustion 57 25 - 

Small Van Electric 2 34 59 
Table 8 - Number of vehicles per type and technology for each of the fleet composition alternatives for Scenario 

2 

 

5.4 Criteria, indicators, and weights for Zaragoza 

5.4.1 Estimation of the indicators 
 

As described in Section  5.1 the indicators to be used are those indicated in Table 2. In this 

section, we will describe how each of the indicators was estimated from the results of the 

simulations.  

The indicators relating to logistical operations were extracted directly from the simulations, 

given that these provide details of the shipments delivered, routes taken, kilometres 

travelled on each route, vehicles that have taken each route, etc. Specifically, these 

indicators are as follows: 

 

• Number of shipments  

• Number of routes 

• Total km covered (including walking) 

• Total km covered by green modes (including walking) 

• Total veh-km covered by freight vehicles 

• Total veh-km covered by green freight vehicles 

• Vehicle utilisation factor 

 

The indicators for operating costs were calculated on the basis of estimates for fixed costs, 

running costs and capital costs. The fixed cost (in euros per hour) was mainly made up of the 

cost of the vehicle (depreciation and interest payments), insurance, taxation, fixed 

maintenance costs, personnel costs and an allowance for overheads.  The variable cost (in 

euros per kilometre) was the cost of the fuel/energy, plus the cost of tyre usage. The capital 

costs represent the cost of acquiring the vehicle. The specific values used were as follows: 
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Vehicle Type Technology Fixed Costs (€/hour) Running Costs (€/Km) Capital costs (€) 

Motorcycle Combustion 18,12 0,07 2.800 

Motorcycle Electric 18,95 0,03 8.400 

Large Van Combustion 24,59 0,18 35.000 

Large Van Electric 26,14 0,09 58.000 

     

Small Van Combustion 23,38 0,13 22.000 

Small Van Electric 24,23 0,07 36000 
Table 9 - Fixed, Running and Capital costs per vehicle type and technology 

 

For the calculation of the emission indicators for CO, SOx, NOx, NH3, PM10, CO2, CH4 and 

N2O we use the estimations of the HBEFA 4.2 database1.  Estimates were considered for 

free-flow urban environments, at a speed of 30km/h and with a flat slope. 

 

Finally, for the calculation of the social costs, we used two references. For the social costs 

related to NH3, NOx, PM and SO2 emissions we used the values provided in the report 

presented by (European Commission, 2019), while for the social costs related to CH4, CO, 

CO2 and N2O emissions, we used the estimates provided by the study published in (Li et al. 

2020). Specifically, the values used were as follows: 

 

Component Social Cost 
(Eur 2022) 

CH4 1,25E-03 

CO2 4,38E-05 

N2O 1,56E-02 

NH3 7,68E-03 

NOx 1,02E-02 

PM 1,43E-02 

SO2 8,16E-03 
Table 10 - Social costs in 2022 euros for different pollutants 

 

5.4.2 Evaluation matrix 

5.4.2.1 Scenario 1 

The following table shows the results for scenario 1 with the different fleet compositions. As 

can be seen, with the current fleet having a high percentage of conventional vehicles, the 

environmental impact is high, reaching a social cost of more than €17,75 per day. However, 

by increasing the electrification of the fleet, emissions are reduced by around 85%, as is the 

social cost. This more than 50% increase is due to the fact that the Correos fleet is oversized 

to cope with peak demand. Therefore, with 50% of the current fleet electrified, emissions 

 
1 https://www.hbefa.net/e/index.html  

https://www.hbefa.net/e/index.html
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would be reduced by 85% in periods of intermediate demand. With 100% electrification of 

the fleet, as expected, the environmental impact is reduced by 100%.  

 

Furthermore, as we can see and as expected, the impact in terms of operations is nil as in all 

cases the same service levels are maintained.  

However, in terms of operational costs, the electrification of the fleet implies a slight increase 

in fixed costs and above all in capital costs (60%), due to the higher price of electric vehicles. 

On the positive side, however, fixed costs would be reduced by 40%.  

 

Indicator Data/ 

unit 

Fleet Compositions 

Current 

Composition 

50% Electric 

Vehicles 

100% Electric 

Vehicles 

CO concentration g/day  152,58   11,01  0,00  

SOx concentration g/day  1,00   0,14  0,00  

NOx concentration g/day  589,18   108,37  0,00  

NH3 concentration g/day  2,90   0,40  0,00  

PM10 concentration g/day  27,83   4,90  0,00  

CO2 g/day  197.936,30   27.555,43  0,00  

CH4 g/day  14,68   1,21  0,00  

N2O g/day  11,64   1,97  0,00  

Social costs of air quality and GHG 

emissions 

€/day  17,75   2,48   0,00  

Number of  shipments  n./day  8.873,60   1.240,12  0,00  

Number of  routes n./day  15.106,00   15.083,50   15.107,50  

Total km covered (including 

walking) 

km/day  208,00   206,00   207,00  

Total km covered by green modes 

(including walking) 

km/day  2.722,30   2.702,36   2.722,50  

Total veh-km covered by freight 

vehicles 

Veh-km/day  1.390,51   2.518,24   2.722,50  

Total veh-km covered by green 

freight vehicles 

Veh-km/day  1.683,94   1.664,00   1.684,14  

Vehicle utilisation factor Percentage 

(%)/day 

 0,33   0,33   0,33  

Fixed costs €/day  24.612,49   24.683,48   25.008,18  

Running costs €/day  187,99   112,47   106,57  

Capital costs €/day  1.154.800,00   1.507.800,00   1.842.800,00  

Table 11 - Zaragoza Scenario 1: evaluation matrix 

 

5.4.2.2 Scenario 2 

The results of scenario 2 for the implementation of a Low Emission Zone are shown in the 

table below.  
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If we look at the environmental impact of the different levels of electrification of the fleet, 

we see that the results are very similar to those of the previous scenario, as is to be 

expected.  

 

Where we do see some differences is in the number of shipments delivered, which 

increases by around 1% with higher electrification of the fleet, which is the same as the 

decrease in the number of shipments delivered when compared to scenario 0 for the 

current postal fleet. This 1% increase is due to the fact that with increased electrification of 

the fleet, more vehicles can access the Low Emission Zone and therefore deliver more 

parcels. 

 

Indicator Data/ 

unit 

Fleet Compositions 

Current 

Composition 

50% Electric 

Vehicles 

100% Electric 

Vehicles 

CO concentration g/day  144,58   11,01  0,00  

SOx concentration g/day  0,97   0,14  0,00  

NOx concentration g/day  566,32   108,36  0,00  

NH3 concentration g/day  2,82   0,40  0,00  

PM10 concentration g/day  26,52   4,90  0,00  

CO2 g/day  190.998,58   27.553,29  0,00  

CH4 g/day  13,80   1,21  0,00  

N2O g/day  11,34   1,97  0,00  

Social costs of air quaility and GHG 

emissions 

€/day  17,13     2,48    0,00      

Number of  shipments  n./day  14.930,00   15.058,50   15.107,50  

Number of  routes n./day  208,00   206,00   207,00  

Total km covered (including 

walking) 

km/day  2.695,79   2.703,98   2.722,50  

Total km covered by green modes 

(including walking) 

km/day  1.418,84   2.519,88   2.722,50  

Total veh-km covered by freight 

vehicles 

Veh-km/day  1.657,42   1.665,62   1.684,14  

Total veh-km covered by green 

freight vehicles 

Veh-km/day  380,47   1.481,52   1.684,14  

Vehicle utilisation factor Percentage 

(%)/day 

 0,32   0,33   0,33  

Fixed costs €/day  24.328,19   24.659,85   25.008,18  

Running costs €/day  184,26   112,59   106,57  

Capital costs €/day  1.198.800,00   1.507.800,00   1.842.800,00  

Table 12 - Zaragoza Scenario 2: evaluation matrix 

 

5.4.2.3 Scenario 3 

Finally, in Table 13, we show the results for scenario 3, concerning the deployment of an 

Urban Consolidation Centre.  

 



  

 28 
This project has received funding from the European Union’s Horizon 2020 research  

and innovation programme under grant agreement Nº 861540 

 

 

 

D2.5 Feedback from ZGZ and 

DUBLIN about first usage of 

the SENATOR dynamic 

planning 

Here, the first thing that is noteworthy is the increase in the number of parcels delivered, 

which is 1% compared to scenario 0. This is due to the increased availability of the vehicle 

fleet in the UCC. However, this increase in the number of parcels delivered is accompanied 

by a significant increase in the number of vehicle kilometres travelled, from 2722km to 

2832km. This increase is probably due to the fact that the orders that were discarded in 

Scenario 0 were more remote orders. However, in this scenario, with the greater availability 

of vehicles, these more distant orders are met, but at a high cost in terms of the number of 

kilometres travelled by vehicles, which also translates into a significant increase in 

emissions. Furthermore, it is also seen that this greater number of vehicles also implies a 

lower vehicle utilisation ratio, which makes it more inefficient. 

 

As for the impact of electrification, in this case, it is greater than in the two previous scenarios 

because of the greater number of vehicles and the greater number of kilometres travelled. 

 

Indicator Data/ 

unit 

Fleet Compositions 

Current 

Composition 

50% Electric 

Vehicles 

100% Electric 

Vehicles 

CO concentration g/day  153,53   6,40  0,00  

SOx concentration g/day  1,07   0,09  0,00  

NOx concentration g/day  680,25   82,29  0,00  

NH3 concentration g/day  3,04   0,23  0,00  

PM10 concentration g/day  32,43   3,95  0,00  

CO2 g/day  211.446,44   17.617,88  0,00  

CH4 g/day  15,37   0,92  0,00  

N2O g/day  12,70   1,26  0,00  

Social costs of air quality and GHG 

emissions 

€/day  18,97     1,59    0,00      

Number of  shipments  n./day  15.294,00   15.270,50   15.295,00  

Number of  routes n./day  213,00   212,50   212,50  

Total km covered (including 

walking) 

km/day  2.832,70   2.827,23   2.823,54  

Total km covered by green modes 

(including walking) 

km/day  1.388,22   2.699,73   2.823,54  

Total veh-km covered by freight 

vehicles 

Veh-km/day  1.794,34   1.788,87   1.785,17  

Total veh-km covered by green 

freight vehicles 

Veh-km/day  349,86   1.661,37   1.785,17  

Vehicle utilisation factor Percentage 

(%)/day 

 0,31   0,32   0,32  

Fixed costs €/day  25.217,52   25.415,03   25.619,48  

Running costs €/day  201,02   115,15   113,34  

Capital costs €/day  1.273.800,00   1.678.800,00   2.000.800,00  

Table 13 - Zaragoza Scenario 3: evaluation matrix 
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5.4.3 Weights of Multicriteria Analysis 
The evaluation matrices were brought into the DEFINITE software. All indicators were 

reported as expression of a cost, and thus minimised, with the exception of four indicators - 

Number of shipments; Total km covered by green modes (including walking); Total veh-km 

covered by green freight vehicles; Vehicle utilisation factor - which express a benefit, and 

thus were maximised. 

This step marks the beginning of the multi-criteria analysis: the first step involved the 

standardisation of the indicators, according to the mode of maximum standardisation: effect 

(i.e. indicators) scores are divided by the maximum value of the effect. 

The second step consisted of the weighting phase. The method used for their calculation is 

the expected value method: it is the sum of probability-weighted amounts in a range of 

possible consideration amounts; this method may be appropriate in circumstances when 

variable consideration has to be estimated for multiple outcomes or when there is a large 

number of contracts that involve variable consideration. 

The assessment of weights required a ranking for each group of indicators, criteria and 

impact areas. Two paths were followed: the first one considered the attribution of equal 

importance to each element of the groups of effects, thus returning a homogeneous 

distribution of weights. The second one considered, in order to generate the rankings, what 

had emerged from the surveys previously conducted for each pilot city: the responses of the 

Zaragoza survey were attributed to each criterion highlighting the underlying theme, showing 

the number of times it had been found to be a priority. Due to the number of preferences 

deduced and attributed to the criteria of the two impact areas, the Transport & mobility 

dimension has been intended as a priority for the city of Zaragoza. The following table shows 

the deduced priorities (Table 14). 

 

Impact area Criteria Pilot cities' priorities 

Environment & 

society 

Air quality x 

GHG emissions x 

Social costs 
 

Transport &  

mobility 

Accessibility xxxxx 

UFT vehicles xx 

Operative costs xx 

Table 14 - Priorities from SENATOR survey - Zaragoza 

The weights of indicators, criteria and impact areas were therefore obtained, in consideration 

of the two different methods of determining the rankings. 

 

5.5 Rating of Scenarios of Zaragoza 
The rankings of the 9 alternatives, corresponding to the 3 scenarios and their vehicle fleet 

characterizations, were thus obtained. It was possible to obtain the overall values of the 

weighted averages, together with those relating to the impact areas, and graphically 
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represented as stacked bar charts: they are visually stacked according to the categorical 

dimension, and each bar represents a quantitative dimension mapped on its height (Figure 5 

- Figure 6). 

The results show an absolute correspondence of scenarios’ ranking as well as minimal 

fluctuations of the weighted sum values. Scenario 1 - 100% electric vehicles and Scenario 2 

- 100% electric vehicles represent the best performing ones with equal merit with respect 

to the values of the indicators and the weights attributed to the criteria. The current fleet 

composition relating to Scenario 3 represents the alternative with the lowest value, and 

therefore the most critical one, preceded by the same composition of Scenario 2 and 1. 

 

 
Figure 5 - Weighted sum of the scenarios: equal priorities for Zaragoza 
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Figure 6 - Weighted sum of the scenarios: Zaragoza priorities 

As a final step of the evaluation, the sensitivity analysis made it possible to show the variation 

of the results as the weights attributed to the two impact areas vary, in case of priority 

attributed to one or the other. The ordering of the scenarios does not undergo any change as 

a result of this analysis, which once again indicates Scenarios 1 and 2 which contemplate the 

exclusive use of electric vehicles as priorities (Figure 7 -Figure 8). 
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Figure 7 - Sensitivity analysis: equal priorities for Zaragoza 
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Figure 8 - Sensitivity analysis: Zaragoza priorities 

 

 

 

 

  



  

 34 
This project has received funding from the European Union’s Horizon 2020 research  

and innovation programme under grant agreement Nº 861540 

 

 

 

D2.5 Feedback from ZGZ and 

DUBLIN about first usage of 

the SENATOR dynamic 

planning 

5.6 SENATOR scenarios identification and simulation for 

Dublin 
 

In a similar way to the Zaragoza case study, in this analysis, we have also designed three 

scenarios for the Dublin case study for analogous reasons. In this analysis, we have focused 

on the Dublin 2/Dublin 4 area, which is depicted in Figure 9, this is a highly dense area with 

both residential and comercial delivery addresses. Concretely, we have considered the 

following three scenarios: 

 

• Scenario 1: which reflects the baseline scenario derived from An Post operations 

data for six routes in the Dublin 2/Dublin 4 area. As in the previous case, it allows us 

to define a basis on which to compare the results of the other scenarios. 

• Scenario 2: corresponds to the implementation of a Low Emission Zone in the centre 

of the city of Dublin. 

• Scenario 3: would correspond to the implementation of four micro depots in the 

Dublin 2 and Dublin 4 areas. 

 

For each of the scenarios, we have also considered three different fleet compositions in 

terms of vehicle electrification ratio, with the aim of measuring the impact that different 

levels of fleet electrification would have on the three scenarios defined. Below we provide 

more details about the scenarios and the different fleet compositions evaluated. 

 

 
Figure 9 - Image of the Dublin 2/Dublin 4 delivery area considered for analysis and location of the UCC 
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5.6.1 Scenario 1: Baseline Scenario 
Scenario 1, or the baseline scenario, derived from An Post operations data for six routes in 

the Dublin 2/Dublin 4 area. Dublin 2 and Dublin 4 are serviced by the Urban Consolidation 

Centre that is run by An Post. The location of the Urban Consolidation Centre is shown in 

Figure 9. 

In addition, Table 15 - Scenario sample fleet composition  shows a sample composition of 

the An Post fleet which is considered to be available in the UCC for the Dublin 2/Dublin 4 

delivery area in this scenario. 29 walking routes were also considered for deliveries in the 

Dublin 2/Dublin 4 Area. 

 

Depot Vehicle 
Category 

Technology Number of 
Vehicles 

UCC Large Van Electric 11 

UCC Small Van Electric 9 

Table 15 - Scenario sample fleet composition  

 

In the current baseline scenario deliveries are completed in the working shift running from 

7:00am to 3:00pm.  Data was provided in line with this. Since postmen/postwoman need 

time at the beginning of the shift to sort and prepare the items to be delivered and at the end 

of the shift to dispose of undelivered items, the time slots in which postmen/postwoman run 

their delivery routes are from 8:00 am to 2:00 pm for the purpose of analysis. 

 

With respect to the demand data, in contrast to Zaragoza, we considered five days, as the 

area considered was smaller, which also reflects the fact that Dublin is a smaller city than 

Zaragoza. It is important to point out that the demand data for the five days had to be 

generated synthetically due to the characteristics of the available data: 

 

- Low percentage of tracked  shipments with geolocated coordinates (38%) 

- Lettermail is not recorded in tracked data to the same level as Parcel deliveries.  

General letter volume benchmark was provided 

 

The following procedure was used to generate the demand data for each of the five days: 

 

- A daily postal delivery benchmark of 1700 letters was set; 

- A daily parcel delivery reference number of 1000 items. 

 

To establish the location of the shipments, the reference data sample of six routes containing 

a total of 105,793 tracked deliveries corresponding to the period from January 2021 to 

February 2022 was used, of which 39,990 had geo-referenced delivery data . To generate 

the location of the 1000 parcel units, 1000 GPS coordinates were randomly and uniformly 

extracted from the 39,990 available. As for the generation of the locations of the letters, first, 
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the unique locations that were in those 39,990 were filtered, which were 20,244. Finally, 

1700 GPS coordinates were extracted randomly and uniformly from the 20,244 unique 

coordinates available. Thus, the distribution of parcels and postal mail for each day is as 

shown in Table 16. It should be noted that the number of items delivered each day it is not 

usually the same as we have considered in this analysis. However, since in this analysis we 

intended to obtain the results for an "average" day, we decided to set the number of orders 

to the usual number on an average day. For that reason, the total number of items and mail 

remains the same for the 5 days considered, but as mentioned above, the order placement 

is different each day and corresponds to the sampling methodology described above. 

 

Day Parcel 
volume 

Postal mail 
volume 

Total items 

1 1000 1700 2700 

2 1000 1700 2700 

3 1000 1700 2700 

4 1000 1700 2700 

5 1000 1700 2700 

Table 16 Number of shipments per day for parcels and postal mail in the Dublin case study 

 

5.6.1.1 Alternative fleet compositions for Scenario 1 

For the simulation of this scenario, and analogously to the following scenarios, we have 

defined three different fleet compositions in terms of fleet electrification in order to 

understand what impact it may have in environmental and operational terms. The three fleet 

compositions considered are as follows:  

 

• Baseline fleet composition: in this alternative, the fleet has the same composition 

as the basline An Post fleet shown in Table 17 where all vehicles are electric. 

• Electrification 50%: in this case, a fleet electrification of around 50% is considered, 

following composition in terms of vehicle typology (motorbike, large van, small van, 

etc.). The objective is to simulate the impact of another delivery operator with lower 

electrification of the fleet.  

• Electrification 0%: in this last alternative fleet composition, all vehicles in the fleet 

are conventional combustion vans. Similar to the previous case, the typology of the 

vehicles is maintained with respect to the baseline composition in order to facilitate 

the comparability of the results. The objective is similar, simulate the impact of a fleet 

with no electric vehicles. 

 

The following table shows the number of vehicles per type and technology for each of the 

fleet composition alternatives considered. 
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Vehicle 
Type 

Technology Baseline 
composition 

Electrification 
50% 

Electrification 
0% 

Large Van Combustion - 5 11 

Large Van Electric 11 6 - 

Small Van Combustion - 5 9 

Small Van Electric 9 4 - 
Table 17 - Number of vehicles per type and technology for each of the fleet composition alternatives in Dublin 

case study 

 

5.6.2 Scenario 2: Deployment of a Low Emission Zone in Dublin 
 

The second scenario we have defined for this analysis considers the deployment of a Low 

Emission Zone in the centre of the city of Dublin, the delimitation of which is shown in Figure 

10.  

The deployment of this Low Emission Zone implies that polluting vehicles cannot enter the 

area between 7 am and 11 pm. This would affect postal operations in the area as combustion 

vehicles would not be able to access the zone for delivery. Only postmen/postwomen on foot 

or in electric vehicles would be able to deliver items to the designated area. 

The distribution of the orders that would be affected by the Low Emission Zone is shown in 

Table 18. As can be seen, the percentage of orders falling within the zone ranges between 

65% and 67% depending on the shift and the day. 

 

 
Figure 10 - Delimitation of the area considered for the deployment of the Low Emission Zone in Dublin 

LEZ Zone 
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Day Total volume Volume to be 
delivered in the 
LEZ 

% over 
total 
volume 

1 2700 1752 66% 

2 2700 1765 65% 

3 2700 1804 67% 

4 2700 1779 66% 

5 2700 1771 66% 
Table 18 - Total volume versus volume that falls within the LEZ area 

 

5.6.2.1 Alternative fleet compositions for Scenario 2 

Analogously to the previous scenarios, we have defined three different fleet compositions in 

terms of fleet electrification following the same guidelines as in Scenario 1: Baseline fleet 

composition, Electrification 50% and Electrification 0%.   

 

5.6.3 Scenario 3: Deployment of four micro depots in Dublin 2 area 
The third scenario we have considered is the deployment of four micro-depots in the Dublin 

2 area.  Figure 11 shows the location of the four micro-depots and the Urban Consolidation 

Centre in Dublin. The location of the four micro-depots has been chosen according to the 

suitability of the area and the distribution of the demand. 

 

The aim of micro-depots would be to improve the sustainability of last-mile logistics by 

bringing the origin of deliveries (depots) to locations closer to the demand and deploying a 

fleet of postmen/postwomen on foot and on electric trikes. The distribution of 

postmen/postwomen and electric trikes among the micro-depots is shown in Table 19.  

 

 
Figure 11 - Location of the four micro depots and UCC in the Dublin case study 



  

 39 
This project has received funding from the European Union’s Horizon 2020 research  

and innovation programme under grant agreement Nº 861540 

 

 

 

D2.5 Feedback from ZGZ and 

DUBLIN about first usage of 

the SENATOR dynamic 

planning 

 

Micro-Depot Number of 
postmen 

Number of e-trikes 

Micro-depot 1 10 7 

Micro-depot 2 7 5 

Micro-depot 3 5 3 

Micro-depot 4 7 5 
Table 19 – Distribution of postmen/postwomen and electric tricycles in the micro-depots. 

 

5.6.3.1 Alternative fleet compositions for Scenario 3 

In a similar way to the two previous scenarios, we have defined three different fleet 

compositions in terms of fleet electrification following the same guidelines as in Scenario 1: 

Baseline fleet composition, Electrification 50% and Electrification 0%.  However, in this 

case, we also need to include the fleet of the micro-depots that we showed in Table 19. In 

this way, the composition of the fleet for each of the alternatives is shown in Table 20. The 

number of postmen/postwomen that makes their delivery walking is kept at 29. 

 

Vehicle 
Type 

Technology Baseline  
composition 

Electrification 
50% 

Electrification 
0% 

Large Van Combustion - 1 2 

Large Van Electric 2 1 - 

Small Van Combustion - 9 18 

Small Van Electric 18 9 - 

Trikes Electric 20 20 20 

Vehicle Type Technology Baseline 
composition 

Electrification 
50% 

Electrification 
100% 

Large Van Combustion - 1 2 

Large Van Electric 2 1 - 

Small Van Combustion - 9 18 

Small Van Electric 18 9 - 
Table 20 - Number of vehicles per type and technology for each of the fleet composition alternatives for 

Scenario 3 

 

5.7 Criteria, indicators, and weights for Dublin 

5.7.1 Estimation of the indicators 
The indicators used in this analysis are the same as for the Zaragoza case study. Specifically, 

these indicators are as follows: 

 

• Number of shipments  

• Number of routes 

• Total km covered (including walking) 
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• Total km covered by green modes (including walking) 

• Total veh-km covered by freight vehicles 

• Total veh-km covered by green freight vehicles 

• Vehicle utilisation factor 

 

The indicators for operating costs were also calculated on the basis of estimates for fixed 

costs, running costs and capital costs indicated in Table 9. These estimates were derived 

from recent literature in the area, and not provided by An Post or Correos. 

 

Vehicle Type Technology Fixed Costs (€/hour) Running Costs (€/Km) Capital costs (€) 

Tricycle Electric 16,55 0,02 7.000 
Table 21 Fixed, Running and Capital costs per vehicle type and technology 

For the calculation of the emission indicators for CO, SOx, NOx, NH3, PM10, CO2, CH4 and 

N2O we also use the estimations of the HBEFA 4.2 database2, for free-flow urban 

environments, at a speed of 30km/h and with a flat slope. Finally, for the calculation of the 

social costs were the same as the ones displayed in Table 10. 

 

5.7.2 Evaluation matrix 
 

5.7.2.1 Scenario 1 

The following table shows the results for scenario 1 with the different fleet compositions. As 

can be seen, with the baseline fleet composition,all electric vehicles and walking routes, the 

environmental impact is very low, with zero social costs in terms of emissions. However, for 

the two other fleet compositions, we see that, as expected, this environmental impact 

increases as the percentage of electrified vehicles decreases. For example, we see that 

moving to a 50% electrified fleet increases the CO2 emitted to 16.5kg and moving to 0% 

increases it to 39kg, increasing the social cost by 130%. However, we see that in operational 

terms the performance of the three fleets is almost identical, as the same shipments are 

delivered, the same kilometres are covered and the same routes are used. Where we do see 

differences is in operating costs. While fixed costs are very similar, running costs are 36% 

and 89% higher when the electrification of the fleet is reduced to 50% and 0%, respectively. 

However, this reduction in emissions and running costs have a trade-off, which is the higher 

capital cost of an electric fleet. 

 

 

 

 

 

 

 
2 https://www.hbefa.net/e/index.html  

https://www.hbefa.net/e/index.html
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Indicator Data/ 

unit 

Fleet Compositions 

Bseline  

Composi

tion 

50% Electric 

Vehicles 

0% Electric 

Vehicles 

CO concentration g/day 0,00 7,52 18,33 

SOx concentration g/day 0,00 0,08 0,20 

NOx concentration g/day 0,00 58,15  129,45 

NH3 concentration g/day 0,00 0,21  0,50 

PM10 concentration g/day 0,00 4,10  9,82 

CO2 g/day 0,00 16.539,08 38.976,99 

CH4 g/day 0,00 0,51 1,07 

N2O g/day 0,00 1,0  2,39  

Social costs of air quaility and GHG 

emissions 
€/day 0,00 1,40  3,21  

Number of  shipments  n./day 2.656,20  2.656,20  2.656,20  

Number of  routes n./day 49,00  49,00  49,00  

Total km covered (including walking) km/day 452,87  448,69  452,87  

Total km covered by green modes 

(including walking) 
km/day 452,87  349,63  227,63  

Total veh-km covered by freight 

vehicles 

Veh-km/day 
225,24  221,06  225,24  

Total veh-km covered by green freight 

vehicles 

Veh-km/day 
225,24  122,00  0,00 

Vehicle utilisation factor Percentage 

(%)/day 
0,43  0,43  0,43  

Fixed costs €/day 4.257,93  4.192,98  4.132,96  

Running costs €/day 19,99  27,15  37,79  

Capital costs €/day 962.000,

00  777.000,00  583.000,00  

Table 22 – Dublin Scenario 1: evaluation matrix 

 

5.7.2.2 Scenario 2 

The results of scenario 2 for the implementation of a Low Emission Zone are shown in the 

table below.  

 

If we look at the environmental impact of the different levels of electrification of the fleet, we 

see that the results are different to those of the previous scenario, because of the high impact 

of the LEZ in the operations of that area.  

 

To understand this better, let us first analyse the operational side. As we can see, the 

implementation of the Low Emission Zone makes it impossible to deliver up to 5% and 16% 

fewer deliveries when the electrification of the fleet is reduced to 50% and 0%, respectively. 

At first sight, these percentages might seem low given that the number of items in the LEZ is 

abover 65%. However, we need to take into account that they consider all orders, both postal 

mail and parcels. As postal mail and small parcels can be delivered by postmen/postwomen 
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on foot, the implementation of the LEZ does not affect them, as they can enter the LEZ. The 

implementation of the LEZ mainly affects medium and large parcels, which have to be 

delivered using small and large vans. Medium and large parcels account only for 30% of total 

shipments. If we look at parcels only, then the implementation of the LEZ does have a major 

impact, as 18% and 48% of parcels can not be delivered, when the electrification of the fleet 

is reduced to 50% and 0%, respectively 

The implementation of the LEZ aslo reduces the number of routes by 8% and 27%, as well 

as the total number of vehicle kilometres travelled by 15% and 53%, respectively. Thus, we 

see that the lower environmental impact of the two alternatives involving combustion 

vehicles is mainly due to the significant limitation of their operation, as they would not be 

able to deliver a large number of parcels. This would be an important incentive for delivery 

companies to electrify their fleet. Again, this improvement in performance would come at the 

cost of higher investment due to the higher capital cost, which in this case would be reduced 

by 22% and 73%, respectively. 

 

Indicator Data/ 

Unit 

Fleet Compositions 

Baseline 

Composition 

50% Electric 

Vehicles 

0% Electric 

Vehicles 

CO concentration g/day 0,0  7,03  9,72  

SOx concentration g/day 0,0  0,08  0,10  

NOx concentration g/day 0,0  50,40  57,73  

NH3 concentration g/day 0,0  0,19  0,25  

PM10 concentration g/day 0,0  3,78  5,05  

CO2 g/day 0,0  15.033,35  19.488,02  

CH4 g/day 0,0  0,42  0,41  

N2O g/day 0,0  0,92  1,14  

Social costs of air quality and GHG 

emissions 
€/day 0,0   1,24   1,54  

Number of  shipments  n./day  2.656,20   2.521,00   2.224,40  

Number of  routes n./day  49,00   45,00   36,00  

Total km covered (including 

walking) 
km/day 

 452,87   419,48   332,69  

Total km covered by green modes 

(including walking) 
km/day 

 452,87   332,10   227,63  

Total veh-km covered by freight 

vehicles 

Veh-km/day  225,24   191,85   105,06  

Total veh-km covered by green 

freight vehicles 

Veh-km/day 
225,24  191,85  105,06  

Vehicle utilisation factor Percentage 

(%)/day 0,43  0,41  0,72  

Fixed costs €/day 4.257,93  3.762,05  2.697,65  

Running costs €/day 19,99  24,13  19,54  

Capital costs €/day 962.000,00  755.000,00  254.000,00  

Table 23 – Dublin Scenario 2: evaluation matrix 
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5.7.2.3 Scenario 3 

Finally, in Table 24, we show the results for scenario 3, concerning the deployment of four 

micro-depots in the Dublin 2 area.  

The first aspect to highlight is the higher number of deliveries in this scenario, compared to 

the number of deliveries in scenario 1 (2700 vs. 2656). This increase of more than 1% in the 

number of shipments is due to the larger fleet of vehicles available in this scenario. However, 

this increase is accompanied by a reduction in the number of total kilometres travelled by 

8%, mainly due to the closer proximity of micro-depots to demand.  

In terms of environmental impact, the impact of micro-depots is more noticeable in fleets 

with 50% or 100% combustion vehicles. On average, the different indicators are reduced by 

3% for the first fleet alternative, reaching almost 20% with the 0% electrification alternative. 

Running costs are reduced by 15%, while fixed costs increased by almost 10%. In short, the 

implementation of micro-depots has a greater impact on fleets with a lower electrification 

rate. 

 

Indicator Data/ 

unit 

Fleet Compositions 

Baseline 

Composition 

50% Electric 

Vehicles 

0% Electric 

Vehicles 

CO concentration g/day 0,00 7,20  15,07  

SOx concentration g/day 0,00 0,08  0,16  

NOx concentration g/day 0,00 56,97  105,04  

NH3 concentration g/day 0,00 0,21  0,41  

PM10 concentration g/day 0,00 3,94  8,06  

CO2 g/day 0,00 15.968,38  31.897,44  

CH4 g/day 0,00 0,51  0,86  

N2O g/day 0,00 1,01  1,95  

Social costs of air quaility and GHG 

emissions 
€/day 0,00 1,36  2,62  

Number of  shipments  n./day 2.700,00  2.700,00  2.700,00  

Number of  routes n./day 66,20  66,20  66,20  

Total km covered (including 

walking) 
km/day 415,31  415,31  415,31  

Total km covered by green modes 

(including walking) 
km/day 415,31  318,77  231,95  

Total veh-km covered by freight 

vehicles 

Veh-km/day 
263,67  263,67  263,67  

Total veh-km covered by green 

freight vehicles 

Veh-km/day 
263,67  167,14  80,32  

Vehicle utilisation factor Percentage 

(%)/day 
0,26  0,26  0,26  

Fixed costs €/day 4.619,56  4.562,78  4.509,11  

Running costs €/day 17,74  24,97  32,32  

Capital costs €/day 1.030.000,00  845.000,00  679.000,00  

Table 24 – Dublin Scenario 3: evaluation matrix 
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5.8 Rating of Scenarios of Dublin 
The rankings for the Dublin alternatives were obtained by using the same procedure 

performed for the Zaragoza pilot case, as well as the results that was represented as stacked 

bar charts (Figure 12 -Figure 13). 

They show an almost complete correspondence of scenarios’ ranking, i.e. apart from the 

switch of third and fourth position (Scenario 3 - baseline composition and Scenario 2 - 0% 

electric vehicles. The baseline fleet composition (100% electric vehicles) of Scenarios 1 & 2 

represent the best performing ones with equal merit with respect to the values of the 

indicators and the weights attributed to the criteria. Scenarios 1 & 3 with no use of electric 

vehicles, instead, are the ones that ranked dead last, and therefore the potentially critical 

alternatives for Dublin. 

 

 
Figure 12 – Weighted sum of the scenarios: equal priorities for Dublin 
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Figure 13 – Weighted sum of the scenarios: Dublin priorities 

According to the sensitivity analysis, the ordering of the scenarios does not undergo any 

change as a result of this analysis, which once again indicates as priorities Scenarios 1 & 2, 

with exclusive use of electric vehicles. Lastly, it can be noted that from the perspective of 

environment & society, for both weighting methods, Scenario 3 almost equals Scenarios 1 & 

2 as top-ranking. Scenario 2 - 0% electric vehicles, on the other hand, performs best in the 

transport & mobility perspective in case of equal priorities. 
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Figure 14 – Sensitivity analysis: equal priorities for Dublin 
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Figure 15 – Sensitivity analysis: Dublin priorities 
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6 Conclusion 
 

The Deliverable D2.5, focused on testing the Dynamic Planning approach developed in WP2 

in the pilot cities frameworks, has been articulated in three main sections for evaluating 

through scenario simulations the effectiveness of such dynamic/machine learning planning 

tool if compared with the current mode of delivery of goods in urban areas. 

 

The first section (chapter 3) has been dedicated to the review of multi-criteria methods and 

related tools. The methodological steps related to the decision-making problem under 

consideration were made explicit, and the 6 potentially suitable methods for decision-

making contexts related to the urban freight transport sector were detailed. This section has 

highlighted how Multiple Criteria Decision Aid (MCDA) is a valuable tool, able to tackle logistic 

planning problems involving more than one objective and a choice among alternatives. 

 

The second section (chapter 4) addressed the MCDA methods commonly used in the 

transportation field. A literature review revealed the frequency over time of the use of 4 

methods, highlighting their potential. 

 

The third section (chapter 5) has focused on the construction of scenarios and their 

evaluation through the selected multi-criteria method. The first step concerns the definition 

of specific indicators and the structuring of a classification framework, as well as the 

definition of criteria and impact areas. The Weighted Sum Method, performed by means of 

the DEFINITE software, has been selected as most suitable for the decision-making problem 

under consideration, able to take into account the weights, thus evaluating alternatives and 

analysing sensitivity. Next step faced the identification and simulation of the 3 scenarios for 

both pilot cities (Zaragoza: baseline, Low Emission Zone implementation, Urban 

Consolidation Centre implementation; Dublin: baseline, Low Emission Zone implementation, 

Micro depots implementation), in turn characterized by three different fleet compositions 

(Zaragoza: current fleet composition, electrification 50%, electrification 100%; Dublin: 

baseline fleet composition (electrification 100%), electrification 50%, electrification 0%). 

Thus, this step made it possible to determine the 9 alternatives for each city to be evaluated 

through the weighted sum method. Next, the definition of indicators and weights was more 

specifically addressed. The indicators were estimated from the results of the simulations. 

For each scenario, indicator values were identified, thus enabling the evaluation matrix to be 

completed. At the same time, the weighting phase - performed through the expected value 

method - required a ranking for each group of indicators, criteria and impact areas, which has 

been assessed considering two paths: the attribution of equal importance to each element 

of the groups of effects, and the priorities emerged from the surveys for the cities of Zaragoza 

and Dublin. This step marked the beginning of the multi-criteria analysis and the scenario 

evaluation.  
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The multi-criteria analysis results show that both Scenario 1 and 2 with 100% electric 

vehicles fleet composition represent the best performing ones for both weighting method, 

while the current fleet composition relating to Scenario 3 represents the worst performing 

alternative. The sensitivity analysis confirmed with the overall results. 

 

Drawing the conclusions, this work presented an MCA-based approach to the evaluation of 

some measures for the distribution of goods in urban areas and in particular some scenarios 

that can be adopted by the cities of Dublin and Zaragoza. 

The MCA analysis started from the input data obtained from the simulations obtained 

through the use of the dynamic planning module of SENATOR and made it possible to identify 

the most suitable alternative. 

The comparison of the designed scenarios shows a clear trend related to the performativity 

of scenarios involving the use of all-electric vehicle fleets, as expected. The benefits 

embodied by a reduction of negative impacts on urban environment make alternative drive 

vehicles increasingly attractive, more that their operational parameters make it possible to 

use them effectively. 

The method of selection and weighting of the criteria therefore provides the cities under 

consideration (Zaragoza and Dublin) with a means of evaluating which priorities of measures 

to adopt. 

The analysis carried out show how the introduction of LEZ (Low Emission Zones) or the 

creation of UCCs (Urban Consolidation Centre) do not bring particular advantages compared 

to the current scenario if not connected to the change in the type of vehicle power supply 

(introduction of a fleet of electric vehicles). 
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