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1 INTRODUCTION 

1.1 Background 

 

This document reports the evaluation of the pilot measures undertaken by the pilot towns. The 

primary goals are to: 

 

 Document the evaluation process for each city and each measure. 

 Using these evaluation methods to create a baseline or an ex-ante scenario of the situation 

before the proposed measures were introduced was possible. If baseline data is unavailable 

then the impact is just evaluated only. 

 

In some cases, however, it has not been possible to achieve desired standard of assessment, 

especially when proposed measures have not been possible to relate to the Key Performance 

Indicators’ (KPI) in a straightforward manner. For example, the effects of an awareness raising 

campaign and a visibility campaign for loading spots cannot be satisfactorily independent of each 

other. In those cases, some human estimation or connection between cause and effect is necessary 

to get.  

 

This document within each city partner section, describes the actual measures to be undertaken. 

Summarises the baseline situation referring to IEE Common Performance Indicators (CPI) energy 

savings and reduction of greenhouse gas emission, if baseline data is absent the impact is 

documented. Each individual process evaluation is described, thee methodology have been gathered 

from O5.1 (Common methodology for the implementation and evaluation of the pilot measures in 

the forerunner cities) and O5.2 (Adaptation of the common methodology defined in the pilot sites for 

the implementation and evaluation of the soft measures in the learner cities). Non-energy indicators 

are also reported.  

 

1.2 Overall Evaluation Methodology 

In some situations data was unobtainable, in this situation, evaluating the measures retrospectively 

was the only option, to find the impact of the measure. This is acceptable, for example mode change 

is perfectly adequate to use the km displaced by the new form of transportation.  

Figure 1, shows the overall methodology employed in the Enclose project to assess the measures 

that were implemented in the project by each city. The overall methodology provides a systemic 

approach to calculating the impact of the measures. This methodology is used in conjunction with 

individualised measure specific evaluation which occurs within the Baseline formulation stage. These 

individualised approaches will be discussed in each city’s sections.  

 

For the overall methodology the objectives of the measures for each city is defined, to help reach 

these objectives measures are initially defined coupled with the scope to which the measures will be 

applied to. Data availability and constraints of that data is then defined, this will also list the barriers 

that may hinder the impact evaluation of the measures. 
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ESS and TEA estimate based on partner’s 

information, if the measures are quantifiable, 

independent of each other and repeatable at the 

end of the evaluation process for the final or ex-

post data.  If it is not the measures may have to 

be redefined, so they satisfy those criteria items. 

An important distinction should also be made 

clear here, this evaluation is for the impact of the 

measures and not to see if the measures were 

successfully implemented, as in process 

evaluation. Impact evaluation and process 

evaluation are often misunderstood and 

confused.  

 

Based on the measures the most appropriate 

indicators are then decided upon. These 

indicators are based on helping to achieve the 

objective of the city, described later in Section 

11. Not all indicators can be quantified as the 

measures may not pertain to the indicators or 

the data available may not be reliable or even 

available.  

 

While some business activities may be used i.e. 

number of deliveries per day, it may be necessary 

to find a “link” between these business activities 

and Energy/CO2 related indicators, so that they 

can be linked back to the energy related 

objectives.   

 

As mentioned previously this is where the 

individualised evaluation methodology will then 

be utilised to help formulate the baseline 

situation. Following on from that is implementing 

the measures and evaluating the measures after 

their implementation to evaluate the effect of 

them. In some situations data was unobtainable, 

in this situation, evaluating the measures 

retrospectively was the only option, to find the 

impact of the measure. This is acceptable, for 

example mode change is perfectly adequate to 

use the km displaced by the new form of 

transportation.  
Figure 1 - Overall Evaluation Methodology 
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1.3 Templates 

 

One common detailed template for evaluation methodology was developed by ESS/TEA at an early 

stage of Task T3.3. This template was gradually considered not fully applicable due to the great 

variety in pilot and soft measures implemented by the pilot and follower partners. Therefore, a 

common evaluation scheme could not be used, and so individual evaluations for each site have taken 

place.   

 

1.4 Independency 

 

Another issue is that in general, separating one soft measure from the other, as a cause of the energy 

savings or greenhouse gas emission reductions is not always possible to do with reasonable level of 

accuracy. For example, evaluation of a measure that implement loading regulations and a measure 

with an awareness campaign will not be possible with measure independently. 

 

On the other hand, for measures that replace fossil fuel powered vehicles with fully electric vehicles, 

FEV, or Plug-in Hybrid Electric Vehicles, PHEV, the relations between measures and CPI’s are 

straightforward to quantify and compare. In these cases, a detailed template for evaluation has been 

used.  

 

In other cases, when it has not been possible to distinguish measures from each other, when it 

comes to impact on emissions and energy savings, the report discusses them altogether. 

 

1.5 Baseline, Final and Impact Results 

 

Baseline data can come from the project’s monitoring and evaluation systems, assessment studies, 

surveys commissioned at the start and end of the project, or from secondary data sources. The 

availability of appropriate baseline data is always critical for performance evaluation of the measure, 

as it is difficult to measure changes without reliable data on the situation before the intervention 

began.  

 

Despite the importance of collecting good baseline data, there are a number of reasons why they are 

frequently not collected. However, some city partner for certain measures failed to collect all of the 

required baseline data. Some of the reasons for this can be explained by inadequate funding or 

technical difficulties in collecting the data. Further reasons include the nature of the available data 

and the enormous undertaking to find baselines if not already known. Therefore baselines are not 

always obtained. For some measures, the impact of introducing the measure was only established, 

using data from the post implementations phase.  For some measures, for example mode change, it 

is satisfactory to evaluate retrospectively, this will quantify the impacts for the measure without 

needing the baseline.     
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1.6 Measures 

 

In general there are five main categories of measures that were implemented in the project.  These 

include:  

 Education/Awareness Raising Campaign  

 Mode Change 

 Consolidation 

 Restriction 

 Route Optimisation 

 

Table 1 shows that each measure type is implemented, at least twice during the Enclose project. 

Restrictions, be they access, time or type restrictions being the most frequently introduced measure 

type.  

  

City 
Measure 

Education/ 
ARC 

Mode 
Change Consolidation Restriction 

Route 
Optimisation 

Balchik 
   

X X 

Burgos 
   

X X 

Den Bosch 
 

X X 
  Dundee 

 
X 

 
X 

 Alba Iulia X 
  

X 
 Almada 

   
X 

 Lucca 
 

X X 
  Serres X 

  
X 

 Trondheim 
 

X X 
  Table 1 - Implemented Measures 
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2 Den BOSCH  
 

2.1 Pilot Measures Description 

 

1. Demonstrating and enhancing the use of fully electric buses for transportation of people with 

bulky purchases, displacing logistical vehicles that would be used.  

 

2. Garbage removal mode change from Diesel to Compressed Natural Gas (CNG) and Biogas. 

Additionally there is a change in container size hence number of pick-up and this in turn 

means the route for the pick-up have also being optimised.  

 

3. Business to Customer Distribution Centre, optimising city logistics for customers.  

 

2.2 Data Collection Process 

 

Data collection adopted: 

 

1. Park and Ride Operators – Historical data from the operators was availed of, to find the total 

distance, fuel economy of each bus and the distance travelled in each trip.  

 

2. Garbage Disposal Operators - Historical data from the operators was availed of to find the 

distances, fuel economy of each truck and trips. Data on the number of pick-ups and the 

route distance was also included. 

 

3. Distribution Centre Operator – The operator was surveyed to which data supplied on the 

avoided stops and associated trips, distance and fuel economy. This is a retrospective 

analysis therefore is only an impact analysis. 

 

Table 2, shows the input data for measure 1, including the total distance travelled by the diesel 

powered buses to be replaced with electric buses and their average fuel economy. The electric 

vehicles are replacing three buses and one full bus route.  

                                                                                                                                                                                                                                                                                                                                   

 

Input 

Baseline 

Values 

Final  

Values Units 

Distance 
381,713 

84,684 (EV) 

231,357 (Diesel) km/year 

Fuel Economy 50 1.2 L/100km, kW/Km 

Table 2 - Data Input (Measure 1): Den Bosch 
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Table 3, depicts the inputs provided for measure 2. This includes the number of times garbage bins 

were emptied, fuel economy, distance of their trips.   

 

 

Input 

Baseline 

Value 

Final  

Values Unit 

Number of Containers 36000 500 

 Weekly Pick-Up Frequency 0.3125 1.5 Pick-Ups/week 

Quantity of Yearly Emptied Containers 585,000 39,000 

 Fuel Economy  1.5  litres/km 

Weekly trips 13 8 trips/week 

Distance Per trip 14.2 14.2 km 

Distance per trip in target area 1.4 1.4 km 

Table 3 - Data Input (Measure 2): Den Bosch 

 

Table 4, represents the received data in relation to the business to customer distribution centre. For 

this measure an analysis of the actually implemented measure was analysed for a period of 13 weeks 

and extrapolated up for one year.  

 

 

Input Value Unit 

Monitoring Period 13 weeks 

Avoided Stops 975 

 Total Trips (to centre) 330 Trips/13 weeks 

Van Trips 262 Trips/13 weeks 

Truck Trips 68 Trips/13 weeks 

Replacement Trips 150 Trips/13 weeks 

Replacement Trips via Van 98 Trips/13 weeks 

Replacement Trips via Bike 52 Trips/13 weeks 

Trip Distance 9 km 

Van Fuel Economy 15 l/100km 

Truck Fuel Economy 19 l/100km 

Table 4 - Data Input (Measure 3): Burgos 
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2.3 Key Performance Indicators 

 The following KPIs were chosen for these measures: 

- Distance [km/year] 

- Trips [trips/Week] 

- Fuel Consumption [litres/year] 

- Energy [kWh/year] 

- Final Consumption CO2 [tCO2/Year] 

- Primary CO2 tonnes [tCO2/Year] 

- Particles [kg PM/Year] 

- Nitrous Oxides [kg NOx/ Year] 

- Carbon Monoxide [kg CO/ year] 

 

2.4 Measure 1 – Mode Change: Bus transportation 

Evaluation Methodology 

 

For this evaluation the public bus operator in Den Bosch had 

historical data available. This included trips distance, the average 

fuel consumption of the buses and the daily average distance 

travelled by each bus that was to be replaced by electric vehicle. 

It is assumption that this data is representative of all weeks 

within the year and that variance are averaged out over the 

course of a year. The same can be said that the fuel 

consumption. From this yearly fuel consumption, energy and the 

final and primary CO2 was calculated.  

 

2.5 Measure 2 – Mode Change: Garbage Removal Evaluation Methodology 

 

As mentioned previously this 

measure involves two changes, the 

first being the change in routes and 

bin size hence frequency of pick-ups 

and the second being the change in 

fuel supply.  

 

For the route optimisation the 

number of containers and the 

frequency of pick-ups were 

recorded. The distance of the trip 

and the distance within the target 

area were recorded.   

 

As both of these changes are not 

independent of each other within 

Figure 2 - Evaluation Methodology 

(Measure 1): Den Bosch 

Measure 1 - Mode Change: Electric Bus 

Transportation

Number of km per 
day per bus, fuel 

economy, CO2  factor

Indicators:

- CO2 
- Energy

Surveys - Bus 
Usage

Baseline Measure 1

Figure 3 - Evaluation Methodology (Measure 2): Den Bosch 
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the analysis, their baseline and final evaluations are considered together.  

 

2.6 Measure 3 – Mode Change: Business to Customer (B2C) Distribution Centre 

Evaluation Methodology 

 

 

This measure was evaluated retrospectively, as the 

centre is already in operation but obviously had real 

data so a higher degree of accuracy can be 

maintained from this.  

 

The distribution operator gave data on the number 

of trips that were avoided by the centre being in 

operation. Also known was the average distance per 

trip avoided, or the distance from centre to city 

centre.  

 

These coupled with an estimated fuel economy was 

able to provide the total fuel used before the centre 

come into being.  

 

 

 

 

 

 

 

2.7 Results 

2.7.1 Measure 1 

 

 

The data supplied, was collected from the entire original bus fleet in the city buses, which separated 

each route and bus on those routes. The route to be switched employs three busses. The calculated 

KPIs for the measure are given in Table 5. There is a significant energy and environmental impact for 

this bus route due to the high fuel economy of the buses at 0.5l/km. The high number of trips and 

the distance the buses undertakes daily. Obviously a bus is going to have a high fuel economy given 

its size but also due to its stop/start nature of driving, coupled with city driving. City bus routes can 

be very inefficiency for conventional fuel usage, hence the high environmental savings.  

 

The electricity that is consumed to power the electric buses is produced from green energy therefore 

the emissions factors are taken to be zero. This means a 40% reducing in emissions from the baseline 

situation of having all ten buses powered by diesel to having seven with two electric vehicles. This 

Figure 4 - Evaluation Methodology (Measure 3): 

Den Bosch 

Measure 3 - Business to Customer Distrubtion Centre

City wide truck CO2 
factor

Indicators:
- CO2

- Energy
- Number of trips
- km per trip
- loading capacity
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Breakdown of the 
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Number of trucks 
stops to 

distribution center

Baseline Measure 3

Km per trip in city, 
number of stop in city, 

loading factor, fuel 
economy 
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also means a 35% reduction in energy usage. The energy/environmental impact is reduced due to the 

buses that were replaced being of a high emission classification, Euro Class 5.  

 

 

Parameters Baseline 

Values 

Final  

Values 

Savings Savings 

(%) Units 

Fuel Consumption 193,357 115,679 77,678 40% Litres of Diesel/year 

Energy 

1,966,242 1,176,335 (Diesel) 

101,621 (EV) 

688,287 35% 

kWh/year 

Carbon Dioxide (final 

Consumption) 

518 310 208 40% 

tCO2/ year 

Carbon Dioxide 

(Primary Energy) 

642 384 258 40% 

tCO2/ year 

Carbon Monoxide 29,992 17,943 12,049 40% kg CO/ year 

Nitrous Oxide 39,989 23,924 16,065 40% kg NOx/ year 

Particles 400 239 161 40% kg PM10/ year 

Table 5 - KPIs (Measure 1): Den Bosch 

 

 

Variable Value Units 

Energy Conversion Factor 10.2 kWh/ litre of Diesel 

Carbon Dioxide (final Consumption) 2680 g CO2/l of diesel 

Carbon Dioxide (Primary Energy) 3322 g CO2/l of diesel 

Carbon Monoxide 15.3 g CO/l of diesel 

Nitrous Oxide 20.3 g NOx/l of diesel 

Particles 0.2 g PM/l of diesel 

Table 6 - Factors: Den Bosch (Measure 1) 

 

The factors are based on a Euro Class 5 for a bus. 

 

 

2.7.2 Measure 2 

The data supplied was taken from original diesel trucks used to collect the refuse and the associated 

distances and fuel economy.  

 

Table 7 on the following page, demonstrates that energy KPIs for the garbage truck mode change. 

There is an inefficient fuel economy, a worse stop/start pattern than the buses in the previous 

measure, heavier vehicles and fuel being consumed by the hydraulic of the refuse compressor of the 

trucks.  The environmental impact is lessened due to the garbage trucks being of a higher 

environmental standard (Euro Class 5). There is a 71% reduction per km in CO2 in the mode change 

from diesel to biogas.  
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Parameter 

Baseline 

Value 

Final 

Values 

Savings Savings (%) 

Units 

Distance (whole city) 42,900 27,300 15,600 36% km/year 

Distance 4,230 2,548 1,682 40% km/year 

Fuel Consumption 6,344    litres/year 

Weekly Distance 81 50 31 38% km/week 

Energy 64,516    kWh/year 

Carbon Dioxide (final 

Consumption) 
17 3 14 83% 

tCO2/ year 

Carbon Dioxide (Primary 

Energy) 
21.1 3.7 17.4 83% 

tCO2/ year 

Nitrous Oxide 226 0.0029 96.8 100% kg NOx/ year 

Particles 1.3 0 225.8 100% kg PM10/ year 

Table 7 - KPIs (Measure2): Den Bosch 

 

The route optimisation contributed to approximately 40% of the savings with the mode change 

estimated as produce the remainder. Table 8 display some other variables that were used in the 

calculation for the KPIs supplied that the refuse operator, with the associated factors shown in Table 

9.  

 

 

 

 

 

 

 

 

 

 

Variable Value Units 

Energy Conversion Factor 10.169 kWh/ litre (Diesel) 

Carbon Dioxide (final Consumption) 2680 g CO2/litre (diesel) 

Carbon Dioxide (Primary Energy) 3322 g CO2/litre (diesel) 

Carbon Monoxide 15.3 g CO/litre (diesel) 

Nitrous Oxide 35.6 g NOx/litre (diesel) 

Particles 0.2 g PM/litre (diesel) 

Table 9 - Factors: Den Bosch (Measure 2) 

 

 

 

 

Variable 

Baseline 

Value 

Final 

Values Unit 

Empties per hour 150 10 

 Auto hours per week 75 75 

 Average Speed 11 7 km/hour 

Table 8 - Speed and Auto Hours 
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2.7.3 Measure 3 

The data delivered for this measure was taken retrospectively, so the avoided stops that the new B2C 

centre achieved were collected. Due to this nature of data the following result were seen an impact 

evaluation only and baseline data was not obtained.  

 

Table 10 presents the impact KPIs for measure 3. It can be seen that the distribution centre reduce 

the number of trips, 330 trips previously versus 150 trips currently. In addition to trip reduction it 

also reduces the energy/environmental impact by using more efficiency modes of transport, trucks 

and vans versus vans and bikes. 

 

 

Parameter Value Units 

Trips 1320 trips/year 

Van Trips 1048 trips/year 

Truck Trips 272 trips/year 

Distance 11880 km/year 

Van Distance 9432 km/year 

Truck Distance 2448 km/year 

Fuel Consumption 1880 litres/year 

Fuel Consumption (Vans) 1415 litres/year 

Fuel Consumption (Trucks) 465 litres/year 

Energy  19,117 kWh/year 

Carbon Dioxide (final Consumption) 5 tCO2/ year 

Carbon Dioxide (Primary Energy) 6 tCO2/ year 

Carbon Monoxide 17.7 kg CO/ year 

Nitrous Oxide 20.1 kg NOx/ year 

Particles 0.7 kg PM10/ year 

Table 10 - Baseline Factors (Measure 3): Den Bosch 
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3 LUCCA  
 

 

3.1 Pilot Measures Description 

 

1. Business-to-Business (B2B) services for freight operators concerning the provision of palletised 

goods transportation to businesses with Fully Electric Vehicles (FEV). 

 

2. B2B services for local businesses concerning the provision of forwarding services towards any 

destination outside the target area, operated by FEV, in partnership with other national or 

international freight operators (reverse logistics processes). 

 

3. Freight operations integrated with leisure mobility, operated by FEV: dedicated delivery 

programmes providing services for tourists and travellers, luggage transport to/from hotels, 

etc. 

 

3.2 Data Collection Process 

 

Baseline is set as the consumption and emissions from the diesel vehicles to be replaced by FEV. CO2 

emissions are calculated in relation to the type of vehicle, distance and diesel/electric energy 

consumed. For electric vehicles, their emissions and energy consumption were included. Electric 

energy is converted to oil equivalent. 

 

There is a broad variety and types of vehicles as declared in the Table 11 and Table 12. 

 

 

 

Type Size Number % 

MINI < 16q 135 8.2% 

VAN 16q equiv. 694 42.3% 

LIGHT TRUCK 35q equiv. 811 49.5% 

 

Total n of 

vechicles 1640   
Table 11 - Distribution of vehicle sizes: Lucca 
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VAN Tier Baseline 2012 Scenario 2015 

DIESEL Euro 1 21 0 

DIESEL Euro 2 19 16 

DIESEL Euro 3 30 35 

DIESEL Euro 4 28 35 

DIESEL Euro 5 2 10 

DIESEL Euro 6 0 4 

   

 

GASOLINE Euro 1 21 0 

GASOLINE Euro 2 19 16 

GASOLINE Euro 3 30 35 

GASOLINE Euro 4 28 35 

GASOLINE Euro 5 2 10 

GASOLINE Euro 6 0 4 
Table 12 - Distribution of vehicle types: Lucca 

 

Parameter 

Baseline 

2012 

Scenario 

2015 Unit 

Deliveries/year 426 400 426 400 

  Del/trip 3.5 3,5 

 Trips/year 121 829 121 829 

 Trip length 10 10 km 

Luccaport Market share 15 26 % 

Commercial vehicles 1 394 1 213 

 Diesel vehicles 86 86 % 

Gasoline vechicles 14 14 % 

Working days/year 250 250 

 Market share 15 26 % 

Table 13 - Data input: Lucca 

 

 
 

 

 

Table 14 - Diesel consumption: Lucca 

 

 

EURO 1 EURO 2 EURO 3 EURO 4 EURO 5 EURO 6 Unit 

6.6 6.6 7.6 7.6 7.6 7.6 km/l 

Table 15 - Gasoline consumption: Lucca 

 

EURO 1 EURO 2 EURO 3 EURO 4 EURO 5 EURO 6 Unit 

6.6 6.6 7.6 7.6 7.6 7.6 km/l 
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3.3 Key Performance Indicators 

 The following KPI were chosen for these measures: 

- Distance [km/year] 

- Fuel Consumption [litres/year] 

- Energy [kWh/year] 

- CO2 emission [tCO2/Year] 

 

3.4 Measure 1, 2 & 3 – Evaluation Methodology 

 

Measure 1 - Business to Business 

(B2B) services for palletised Goods

Record distance traveled & 
fuel consumption

Calculating CO2, 
energy values

Indicators:

- CO2

- Energy

Baseline Measure 1

 
Figure 5 - Measure 1: Lucca 

 

 

Measure 2 - B2B services utilising 

FEV outside of targeted zone

Record distance traveled & 
fuel consumption

Calculating CO2, 
energy values

Indicators:

- CO2

- Energy

Baseline Measure 2

 
Figure 6 - Measure 2: Lucca 

 

 

 

To devise the baseline and final indicators for Measure 1, CO2 emissions based on COPERTIII data with 

specific parameters for km/trip, trips/day, deliveries/year, etc. The assumptions are as follows:  

 

 Diesel consumption 12l/100 km.  

 Electric vehicles consumption: 0.25 kWh/km 

 Total deliveries/year: 416 000 

 No. of trips/year: 69 333 

To find the baseline and final data for the forwarding services in measure 2 and the leisure mobility 

services in measure3, the CO2 emissions and primary energy consumed are based on total logistic 

Measure 3 - Freight operation for leisure 

mobility operated by FEV

Record distance traveled & 
fuel consumption

Calculating CO2, 
energy values

Indicators:

- CO2 
- Energy 

Baseline Measure 3

Figure 7 - Measure 3: Lucca 
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effort, in turn based on 1600 deliveries/day. The CO2 emissions are based on COPERTIII data with 

specific parameters km/trip, trips/day, deliveries/year, etc. 

 

3.5 Results 

 

Data supplied for baseline calculation referred to the logistical effort made by the diesel vehicles in 

2012. For calculation of the impact, the provided data for 2015 scenario is used. The basic principle for 

calculation of the impact is the increasing market share of Luccaport UCC as depicted in Table 13 - 

Data input: Lucca, thereby transferring last mile delivery by diesel vehicles to FEVs.   

 

However, the effects of the measures could not be calculated separately. The measures are considered 

not to be independent and therefore are declared together. Table 16 depicts Lucca’s baseline, while in 

Table 17 the factors used in the calculations are provided. The B2B centre reduces the energy and CO2 

consumption in the target area by 16%. It can be concluded that this 16% is due to the last mile 

delivery elements of these measures and the reduction is distances travelled. Due to the mode change 

from diesel to FEV, it is evident the Carbon monoxide, and Nitrous oxide emissions and particle matter 

reduces further, between 40-50%. Therefore it can be concluded that the FEV element contribute 20-

30% savings.   

 

Parameter 

Baseline 

2012 

Scenario 

2015 Impact 

 

Unit   

Energy consumption 4 835 4 063 772 MWh 

Emissions CO2 1 102 926 176 t CO2  

CO 7 768 3 592 4 176 kg 

NOx 2 505 1 523 982 kg 

PM 332 182 150 kg 

Table 16 - Baseline KPIs and impact: Lucca 

 

Parameter Data Unit   

Diesel Energy  Factor 11.60 kWh/l 

 CO2 per kg diesel 2.73 

  Gasoline Density 0.77 kg/l 

 Gasoline Energy  factor 12.70 kWh/l 

 CO2 per kg gasoline 2.31 

  Table 17 - Baseline Factors: Lucca 

 

Emissions are calculated from a variety of variables, diesel vehicles range from EURO 1 to EURO 5.  

Gasoline vehicles also range from EURO 1 to EURO 5 and an average mix of vehicle weight classes: 

mini, van and light truck. Fuel consumption is calculated from national /urban standard for the 

different Euro Tier levels and weight classes. The diesel vehicles range from 6 to 9 km/l and for 

gasoline vehicles also range from 6 to 9 km/l.  The average values are given in tables Table 14 and 

Table 15. 
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4 TRONDHEIM 
 

4.1 Pilot Measures Description 

1. Mail distribution (large and small envelopes) in Trondheim city centre, using electric-vehicles 

which are replacing five diesel vehicles. 

2. Parcel distribution in Trondheim city centre, using electric and hybrid vehicles which are 

replacing five diesel vans. 

3. Pallets distribution in Trondheim city centre and transport between Trondheim city centre 

and Trondheim post terminal, using electric and hybrid  vehicles which is replacing one diesel 

truck. 

 

4.2 Data Collection Process 

 

Data collection adopted: 

1. Baseline sets the consumption and emissions for the diesel vehicles, which are to be 

replaced. The diesel consumption was quantified, for defined periods for each vehicle. These 

periods are two weeks in a normal period for the baseline and two weeks for the final 

analysis. CO2 emissions are calculated in relation to the type of vehicle, distance and 

diesel/electric energy consumed. The average number of deliveries in the period will be 

calculated and taken into account. Data used or re-established from the project “CO2 free 

post distribution in Trondheim city centre” is also used the baseline. Additional information 

from:  

 Vehicles manufactures - data about relevant cars and vehicles 

 Travel logs for relevant distances and fuel information for diesel/petrol cars 

 FAR/Rute (address register system/route system)  for distance for electric vehicles 

 Traffic data system for volume information 

 FAR/Rute (address register system/route system)  for numbers of deliveries 

 

2. Baseline for this measure will use similar data and sources of data from the above measure 

and additional information from: 

 Vehicles manufactures - data about relevant cars and vehicles 

 Travel logs for relevant distances and fuel information.  

 

3. Baseline for this measure will use the similar data and sources of data from above measures 

and additional information from: 

 Statistics for 2 weeks for average distance driving with diesel or electric engine for 

hybrid cars 

 Data from LM (Logistics Motor) for deliveries and volume.  

 

Table 18, Table 19 and Table 20 depict the input baseline and final values from the three 

measures, respectively. 
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Input Baseline Unit Final Unit 

Vehicles (light truck) 5  5 

 

 

EUR Class 4  N/A 

 

 

Fuel Economy 11.5 l/100 km 0.15 

 

kWh/km 

Load Factor 70 % 100 

 

% 

Trips per year per vehicle 302  604 

 

 

Distance Per Year all vehicles  22 952  km  9 855  

 

km 

Working days 302  302 

 

 

Table 18 - Data input (Measure 1): Trondheim 

 

Input Baseline Final Diesel Unit 

Final  

FEV 

Unit 

Vehicles (light truck) 5 4  1  

EUR Class 4 4  N/A  

Fuel Economy 13.64 12.4 l/100 km 0.2 

 

kWh/km 

Load Factor 75 75 % 75 % 

Trips per year per vehicle 510 510  765  

Distance Per Year all vehicles 

           48 

450          37 740 km 16 065  

km 

Working days 255 255  255  

Table 19 - Data input (Measure 2): Trondheim 

 

Input Baseline Final  

Vehicles (light truck) 1 2 

 EUR Class 4 5/Hybrid 

 Fuel Economy 30 25 l/100 km 

Load Factor 75 78 % 

Trips per year per vehicle 382.5 191 

 Distance Per Year all vehicles   7 267     7 267 km 

Working days 302 302 

 Table 20 - Data input (Measure 3): Trondheim 

 

4.3 Key Performance Indicators 

 The following KPI were chosen for these measures: 

- Distance [km/year] 

- Deliveries [deliveries/Week] 

- Fuel Consumption [litres/year] 

- Energy [kWh/year] 

- Carbon Dioxide [t CO2/Year] 

- Carbon Monoxide [ kgCO/Year] 

- Particles [kg PM/Year] 

- Nitrous Oxides [kg NOx/ Year] 
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4.4 Measure 1, 2 & 3 – Mode Change: Mail, Parcel, Pallet Distribution Evaluation  

 

All baseline methodologies are similar with the data 

being different and from applicable vehicle types to 

each measure. They are based on statistical data 

which comprise of routes information, distances and 

deliveries. Relevant information need to calculate 

the baselines include:  

- Vehicle classification,  

- Distance travelled,  

- Fuel consumption,  

- Energy consumption 

- Emission factors  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measure 1 - Mail Distribution

Data Gathering from 
vehicles

- Diesel consumption
- Distance traveled

Indicators:
- CO2 

- NOx, CO
- Energy 

- Distance
- Deliveries

Business Activity

Deliveries, Routes, Distance, 
Loading Capacity

Calculation:
Combining Energy 

and Business 
Activity 

measurements

Baseline Measure 1

Figure 8 - Evaluation methodology (Measure 1): Trondheim 

Measure 2 - Parcel Distribution

Data Gathering from vehicles

- Diesel 
consumption

- Distance traveled

Indicators:
- CO2 

- NOx, CO
- Energy 

- Distance
- Deliveries

Business Activity

Deliveries, Routes, Distance, 
Loading Capacity

Calculation:
Combining Energy 

and Business 
Activity 

measurements

Baseline Measure 2

Figure 10 - Evaluation methodology (Measure 2): Trondheim 

Measure 3 - Pallets Distribution

Data Gathering from vehicles

- Diesel 
consumption

- Distance traveled

Indicators:
- CO2 

- NOx, CO
- Energy 

- Distance
- Deliveries

Business Activity

Deliveries, Routes, Distance, 
Loading Capacity

Calculation:
Combining Energy 

and Business 
Activity 

measurements

Baseline Measure 3

Figure 9 - Evaluation methodology (Measure 3): Trondheim 
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4.5 Results 

4.5.1 Measure 1 

Data supplied referred to the logistical effort made by the diesel vehicles (baseline) replaced by FEV 

(final). The calculated KPIs for Measure 1 are given in Table 210. As a result of the establishment of 

the UCC the travelled distance has decreased significantly, however the number of trips/vehicle has 

increased from 1 to 2.  

 

Table 22 depicts the impact of Measure 1.  Table 232 shows the factors used for the KPI calculation. 

 

Parameter Baseline Final Units 

Distance Per Trip Per vehicle               15.2  3.3  km 

Fuel Consumption              2639  1 478  l resp kWh 

Fuel /trip (days) for all vehicles 8.7 2.4 l resp kWh 

Energy  26 841  1 478  kWh 

Carbon Dioxide (final Consumption)                 7.1  0    t CO2 

Carbon Dioxide (Primary Energy)                 8.8  0    t CO2 

Nitrous Oxide                 0.6  0 kg NOx 

Carbon Monoxide               11.5  0  kg CO 

Particles                 5.7  0  kg PM10 

Table 21 – Baseline and final KPI's (Measure 1): Trondheim 

  

 

Parameter Impact Units 

Distance Per Trip 11.9  km 

Energy  25 363  kWh 

Carbon Dioxide (final Consumption) 7.1  t CO2 

Carbon Dioxide (Primary Energy) 8.8  t CO2 

Nitrous Oxide 0.6  kg Nox 

Carbon Monoxide 11.5  kg CO 

Particles 5.7  kg PM10 
Table 22 - Impact (Measure 1): Trondheim 

 

 

 

Parameter Value Units   

Energy Conversion Factor 10.169 kWh/ l Diesel 

Carbon Dioxide (final Consumption) 2680 g CO2/l diesel 

Carbon Dioxide (Primary Energy) 3322 g CO2/l  

Carbon Monoxide 0.5 g/km 

 Nitrius Oxide 0.025 g/km 

 Particles 0.25 g/km 

 Table 23 - Factors (Measure 1): Trondheim 
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4.5.2 Measure 2 

Data supplied referred to the logistical effort made by the diesel vehicles (baseline) replaced by FEV 

and diesel vehicles (final). The calculated KPIs for Measure 2 are given in Table 24. Table 25 depicts 

the impact of Measure 2.  Table 26 shows the factors used for the KPI calculation. 

 

Parameter Baseline 
 Final 

Diesel 
Final  
FEV 

 
Units 

Distance per trip    19    18.5       21     km 

Fuel/Energy consumption     6 609     4 680     3 213     kWh 

Fuel per Trip 2.6     2.3      4.2  l resp kWh 

Energy  67 203  47 588      3 213  kWh 

Carbon Dioxide (final Consumption) 17.7      12.5          -    t CO2 

Carbon Dioxide (Primary Energy) 22.0      15.5         -    t CO2 

Nitrous Oxide 1.2     0.9        -    kg NOx 

Carbon Monoxide 24.2    18.9        -    kg CO 

Particles 12.1  9.4        -    kg PM10 
Table 24 - Baseline KPI's (Measure 2): Trondheim 

 

 

Parameter Impact Units 

Energy        16 401  kWh 

Carbon Dioxide (final Consumption)             5.2  t CO2 

Carbon Dioxide (Primary Energy)             6.4  t CO2 

Nitrous Oxide             0.3  kg Nox 

Carbon Monoxide             5.4  kg CO 

Particles             2.7  kg PM10 

Table 25 - Impact (Measure 2): Trondheim 

 

 

Parameter Value Units   

Energy Conversion Factor 10.169 kWh/ l   

Carbon Dioxide (final Consumption) 2680 g CO2/l   

Carbon Dioxide (Primary Energy) 3322 g CO2/l   

Carbon Monoxide 0.5 g/km 

 Nitrius Oxide 0.025 g/km 

 Particles 0.25 g/km 

 Table 26 - Baseline Factors (Measure 2): Trondheim 
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4.5.3 Measure 3 

Data supplied referred to the logistical effort made by the diesel vehicles (baseline) replaced by 

hybrid vehicles (final). The calculated KPIs for Measure 3 are given in Table 27 - Baseline KPI's 

(Measure 3): Trondheim, while the impact is depicted in Table 28 - Impact (Measure 3): Trondheim. 

Table 29 shows the factors used for the KPI calculation. 

 

Parameter Baseline Final Units 

Distance Per Trip Per vehicle 19 19  km 

Fuel Consumption 2 180  1 817  l 

Fuel per Trip    5.7  4.8  l 

Energy   22 169  18 475  kWh 

Carbon Dioxide (final Consumption)   5.8  4.9  t CO2 

Carbon Dioxide (Primary Energy)    7.2    6.0  t CO2  

Nitrous Oxide  0,18     0,18     kg NOx  

Carbon Monoxide    3,6     3,6     kg CO 

Particles   1,82     1,82     kg PM10 

Table 27 - Baseline KPI's (Measure 3): Trondheim  

 

Final impact of Measure 3 is depicted in Table 28 - Impact (Measure 3): Trondheim. The shift to 

hybrid vehicle instead of diesel has saved energy and thus CO2 emissions, but as the travelled 

distance is the same it has not affected other emissions. 

 

Parameter Impact Units   

Distance Per Trip Per vehicle 0 km 
 Fuel Consumption 363  l 

Fuel per Trip 0.9  l 

Energy  3 695  kWh 

Carbon Dioxide (final Consumption) 1.0  t CO2 

Carbon Dioxide (Primary Energy) 1.2  t CO2 

Nitrous Oxide 0    kg NOx 

Carbon Monoxide 0    kg CO 

Particles   0    kg PM10 
Table 28 - Impact (Measure 3): Trondheim 

 

 

Parameter Value Units   

Energy Conversion Factor 10.169 kWh/ l 

Carbon Dioxide (final Consumption) 2680 g CO2/l 

Carbon Dioxide (Primary Energy) 3322 g CO2/l 

Carbon Monoxide 0.5 g/km 

 Nitrius Oxide 0.025 g/km 

 Particles 0.25 g/km 

 Table 29 - Baseline Factors (Measure 3): Trondheim 
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5 ALBA IULIA 

5.1 Soft Measures Description 

1.  Awareness raising campaign aimed at citizens, shopkeepers and transport operators. 

Organising an Awareness Raising Campaign involves a partnership between the Municipality 

and the mass media, but also a partnership with the non-governmental sector in order to 

generate some effects on the target groups. In order to have an impact on a large scale, it is 

necessary to involve everyone who can influence a change in attitudes.  

2. Regulation and time windows in the study area of Transylvania Avenue. Regulation in the 

area, time windows, restrictions for high capacity vehicles and penalties for non-compliance. 

 

5.2 Data Collection Process 

Data presented does not support calculation of individual baseline for the two measures.  

 

Data was collected from three sources:  

1. Municipal park   

2. Public transportation  

3. Private and commercial transport operators  

 

For public transportation, private and commercial transportation data has been taken from traffic 

studies.  Vehicles were counted during two time windows, at 7.30 – 8.30 AM and  

4 – 6 PM.  The survey includes all vehicles entering the study area, Transilvania Avenue, as well as 

logistic cars being parked, as most shop owners use their private vehicles for deliveries.  

Consumption was estimated from the information of the logistic vehicles as well as the running time. 

 

Vehicle counting took place at a number of locations where vehicles entered the avenue. A large part 

of the vehicles were not easily identified by logos, signs etc., as logistic vehicles. To compensate for 

overestimating the number of logistic vehicles a traffic factor was introduced. 

 

Fuel Vehicle Time window 1 Time window2 Cons. l/h 

Gasoline Car 361 415 4.00 

Diesel Car 284 331 3.00 

Diesel Minibus 67 19 5.00 

Diesel Small truck 15 20 6.00 

Diesel Truck 0 1 9.00 

Miscallaneous Value Unit/Note     

Diesel trips/day 737 

   Gasoline trips/day 776 

   Average traffic factor 0.20 

   Time/trip 2.00 hours 

  Working days/year 256 

   Table 30 - Data input: Alba Iulia 
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Assumptions are stated below in order to calculate the indicators: 

 Vehicle standard: EURO Tier 3 

 Vehicle size: up to 1305 kg 

 Fuel economy:  12.00 l/100 km 

 

5.3 Key Performance Indicators 

 The following KPIs were chosen for these measures: 

 Total  Fuel Consumption [l/ year] 

 Total Energy [MWh/ year] 

 Total Final Consumption CO2 [kg/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg CO/ year] 

 Particles [kg PM10/ year] 

 

5.4 Measure 1 – Awareness Campaign Evaluation Methodology 

 

 

 

The awareness campaign can be 

evaluated with respect to process 

variables like degree of 

satisfaction and number of 

complaints to the police.  

 

Further studies would be needed 

in which the business owners or 

transportation operators are 

surveyed in order to estimate the 

average distance travelled and the 

fuel economy within the area.  

 

Failing these surveys the two 

variables would have to be 

estimated. This will then yield the 

baseline and final indicators of 

Energy, CO2 and other emissions. . 

 

 

 

 

5.5 Measure 2 – Time Windows Evaluation Methodology 

Measure 1 - Awareness Campaign

Traffic Study Street Interviews

Number of freight 
vehicles, type, 

class

Degree of 
satisfaction & 

business activity

Number of 
complaints

Indicators:
- CO2 
- Energy 

Baseline Measure 1

Contact with 
Police

Figure 11 - Evaluation Methodology (Measure 1): Alba Iulia 
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Similar to Measure 1, where 

the traffic study will give basic 

data for statistic calculation, 

from which fuel consumption 

as well as emissions can be 

derived. No measuring devices 

are used.  With interviews, 

degree of satisfaction and 

acceptance of the regulations 

can be estimated. 

 

 

 

 

 

 

 

 

 

5.6 Baseline result 

 

Data supplied refers to a survey regarding the actual situation before the implementation of the two 

measures and therefore considered being baseline result. Table 31 displays the energy and 

environmental KPIs for both measures.  No final impact data has been delivered yet been delivered 

due to issue with  

 

 

Parameter DIESEL GASOLINE TOTAL Unit 

Fuel consumption 255 386 317 850 573 235 l/year 

Energy consumption 2 597 2 873 5 470 MWh/year 

Emissions CO2 684 799 1 483 t CO2 /year 

CO 1 362 6 092 7 454 kg/year 

NOx 1 064 397 1 461 kg/year 

PM 106 0 106 kg/year 

Table 31 - Baseline KPI: Alba Iulia 

 

The above results are based on factors below in Table 32.  

Measure 2 - Regulations and Time Windows

Traffic Study
Street Interviews

Number of freight 
vehicles, type, 

class

Degree of 
satisfaction & 

business activity

Number of 
complaints

Indicators:
- CO2 
- Energy 

Baseline Measure 2

Direct Interviews

Figure 12 -   Evaluation Methodology (Measure 2): Alba Iulia 
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Parameters DIESEL GASOLINE   

 Energy  Factor 10.17 9.04 kWh/l 

 CO2 emiss. Final 2 680 2 513 g/l 

 CO emiss. 0.64 2.3 g/km 

 NO emiss. 0.50 0.15 g/km 

 PM emiss. 0.050 0 g/km 

 Density 0.85 0.76 kg/l 

Table 32 - KPI factors: Alba Iulia 

 

Assumption       

EURO Tier 3.00     

Vehicle type  <= 1305  Kg   

Fuel economy 12.00 l/100 km   
Table 33 - Assumptions: Alba Iulia 

 

Actual calculations are based on consumption per time unit according to Table 33 

 

5.7 Non-Energy/Environmental Related Aspects 

 

Implementation:  For Measure 1, the Awareness Raising Campaign involves a partnership between 
the municipality and mass media, but also a partnership with the non-governmental sector in order 
to generate some effects on the target groups. In order to have an impact on a largescale, it is 
necessary to involve everyone who can influence the attitudes.. The duration of this measure was 
planned from August 2013 until August 2015. 
 
Measure 2, the time limitation of the vehicles’ access to Transilvania Avenue, was planned to be 
implemented in August 2013 until August 2015. The measure could be implemented by a decision 
process within the Local Council followed by creating signs for the communication of the regulation 
in the area. 
 
Traffic levels: No regulations for logistic vehicles were earlier applied to the area so the goal is to get 
a very efficient regulated area but also to increase the safety of the residents and the comfort during 
the day. The awareness raising campaign aims at making the shop owners to adopt a responsible 
attitude concerning the environmental protection, as well as to raise awareness amongst transport 
companies in order to make them use cargo bikes or other non-polluting vehicles. 
 
Stakeholders/target group Involved: Transportation firms, local citizens, 100 shops and service 
providers along the boulevard. 
 
Community engagement: By involving mass media, authorities, local police, volunteers, NGO’s the 
community is expected to accept the measures. 
 
Operational cost:  Actions will be supported by own resources and by using volunteers. Also sponsors 
will be involved, if possible. 
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6 ALMADA 
 

 

6.1 Soft Measures Description 

 

1. A) Component A of the first soft measure of the Almada feasibility study defines that the 

Almada City Council will revise and publish the parking regulation of the Cacilhas zone for the 

inclusion of logistics issues. A parking regulation for this area already exists but it does not 

address logistics, it does not define loading and unloading areas, time windows or other 

types of logistic related norms.  

 

B) Component B of the first soft measure of Almada’s feasibility will focus on the 

implementation on the field of the new rules defined in the updated regulation: redefinition 

of logistic vehicles circulation, redefinition of logistic vehicles parking, painting of 

loading/unloading parking spaces, implementation of vertical and horizontal traffic signing, 

implementation of vertical and horizontal information signs with innovative design to 

improve visibility and understanding of the new rules, implementation of limitation of access 

to pedestrian area measures, etc. 

 

2. The second soft measure of Almada’s feasibility study concerns the control of freight vehicles 

parking in Almada central area. Almada central neighbourhood, the most important 

commercial area of Almada, is a shared space zone, with 20km/h limits. Parking in this area is 

not allowed, except for loading and unloading during a maximum period of 15min. 

Nevertheless, and due to the lack of effective control, freight vehicles park here for long 

periods, which creates a since of impunity that induces other vehicles (passenger light 

vehicles) to park there too. Controlling this parking will help reduce the number of vehicles 

entering the zone and reduce the circulation in the urban area. 

 

6.2 Data Collection Process 

 

The area of Cacilhas (downtown Almada) includes a multimodal public transport station where 

between 50,000 to 100,000 people use and occupy every day.  Interviews were carried out with all 

shop owners, some logistic companies and some cargo drivers.  The baseline of the urban logistics 

situation of Almada study area was calculated on the basis of the traffic analysis carried-out in 

December 2012. 

 

Data does not support calculation of individual calculations for the measures. Table 34 gives the data 

inputs from Almada. 
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Parameter Data Unit 

 Light vehicles     

N of vehicles 1 024 

 Average trip 6.00 km 

Working days/yr 300 

 Deliveries/trip 17 

 Energy consumption 173 toe 

    Heavy vehicles     

N of vehicles 512 

 Average trip 6.00 km 

Working days/yr 300 

 Deliveries/trip 17 

 Energy consumption 188 toe 

Table 34 - Data inputs: Almada 

 

Some assumptions have been made in order to get complete data for the establishment of the 

baseline and final indicators for Almada. Refer to Table 37 at the end of this chapter. 

 

 

6.3 Key Performance Indicators 

 

The following KPIs were chosen for these measures: 

 Total  Fuel Consumption [l/ year] 

 Total Energy [MWh/ year] 

 Total Final Consumption CO2 [t CO2/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg CO/ year] 

 Particles [kg PM10/ year] 
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6.4 Measure 1 – Loading Regulation Evaluation Methodology 

 

 

 

A total of around 1,000 light and 

500 heavy commercial vehicles 

per day enter Almada study area. 

Each vehicle has an average of 6 

km travelled within the study 

area. Number of working 

days/year is 300.  

KPI factors can be found in Table 

36 

 

 

 

 

 

 

 

 

 

 

 

6.5 Measure 2 – Loading Redefinition Evaluation Methodology 

 

 

 

A total of around 1,000 light and 

500 heavy commercial vehicles per 

day enter Almada study area. Each 

vehicle has an average of 6 km 

travelled within the study area. 

Number of working days/year is 

300. KPI factors can be found  

in Table 36.  

 

 

 

 

 

 

 

Measure 1 - Loading and Unloading Regulations

Interviews:
Shop Owners

Interviews: 
Logistic/Freight 

Companies

Estimation of travel 
time reduction

Estimation of 
decreased 

congestion effects

Indicators:
-Time 

- Distance 
- CO2 

- Energy 

Baseline Measure 1

Interviews:
Freight truck 

Drivers

Traffic Calculation

Figure 13 - Evaluation Methodology (Measure 1): Almada 

Measure 2 - Loading and Unloading Regulations

Interviews: 
- Logistic/Freight 
Companies
- Business Owners
- Freight Drivers

Estimation of travel 
time reduction

Estimation of 
decreased 

congestion effects

Indicators:
-Time 

- Distance 
- CO2 

- Energy 

Baseline Measure 2

Traffic Counting & 
Traffic Estimation

Figure 14 - Evaluation Methodology (Measure 2): Almada 
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6.6 Results  

 

The measures are considered not to be independent and therefore are declared together. 

Table 35 displays the energy and environmental KPIs for the measures implemented as well as the 

final impact.  Impacts are based on a scenario in where 10 meters of cut trip/delivery as a result of 

the measures are predicted.  

 

Parameter Heavy Light Sum Impact Unit 

CO2 emissions 672 616 1289 37 t CO2  

Energy consumptions 

  

4 276 121 MWh 

Total distance 3 072 6 144 9 216 261 km/day 

CO 1 382 1 843 3 225 91 kg 

NOx 719 922 1 640 46 kg 

PM 157 147 304 8.6 kg 

Table 35 - Baseline KPI’s: Almada 

 

 

The results in Table 35 are based on factors below in Table 36. 

 

Parameter Heavy Light Unit 

Diesel Density 0.835 0.850 kg/l 

Diesel CO2 emiss. 2 680 2 680 g/lit 

CO2 Emission 447 295 g/km 

Kcal/kg 10 200 10 200 

 Energy conversion 11.84 11.84 MWh/toe 

Diesel CO emiss. 1.50 1.00 g/km 

Diesel NO emiss. 0.78 0.50 g/km 

Diesel PM emiss. 0.170 0.08 g/km 

Table 36 - KPI factors: Almada 

 

 

Assumption Value Unit 

Vehicle tier EURO 2 

 Heavy consumption 16.67 l/100km 

Light consumption 11.00 l/100km 

Trip/day/vehicle 1.00 

 Table 37 - Assumptions: Almada 
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6.7 Non-Energy/Environmental Related Aspects 

 

Implementation:  

The regulation review and update was implemented in September 2013 and will be law until a new 

revision takes place. The reinforced parking control will be implemented starting September 2013 

and has no end date defined.  

 

The Almada City Council is the body who sets the circulation and parking rules, but it is Municipal 

Parking Company (ECALMA) (apart from police itself) which has the legal power to enforce its 

observance. 

 

 

Stakeholders/Target groups involved:  The measures will have to be implemented with the Traffic 

Division of the Almada City Council, the Parrish of Cacilhas, ECALMA, the shop owners and the 

logistics distribution companies. 

 

Operational Cost: Except for staff costs, the only other costs for regulation review/update will be the 

printing and distribution of the new parking regulations. These costs will be co-financed by the 

Almada City Council. Local meetings will have no costs, as Almada City Council and/or Cacilhas 

Parrish will provide for venues and complementary logistics. 

Applying the new regulations will cost between €10,000 and €20,000, including development of 

concept, design of materials and printing/painting. The reinforced control will have no costs 

associated. Only the ECALMA staff will include this task in their daily routine. 
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7 BALCHIK  
 

7.1 Soft Measures Description 

1. Limiting the duration of the logistic vehicles in target areas. This will also encourage users to 

use an optimised route. This measure will be employed in the high tourist season for greater 

reductions in CO2 emissions. 

 

2. Space limitations for the logistic vehicles especially during the tourist season. The city will be 

divided into several zones with the access routes optimised. A management system for 

scheduling parking within the target area is also proposed, to assist in reducing energy. 

 

7.2 Data Collection Process 

Traffic counting surveys were employed, to find the numbers of and breakdown of vehicles that 

currently enter the target area. Distance travelled on average by vehicle and fuel economy of the 

vehicles, within the area was estimated. Table 38 shows the data that was collected to calculate the 

baseline. The number of vehicles is based on calculations of deliveries per business types, street 

surveys with business owners and the quantity of business in the study area. The average distance 

has been calculated.  

 

 
Input 

No. of 
vehicles 

Journey 
Distance - 
(km) 

Working 
days 
(summer) 

Total  - 
(km) 

Baseline 

Delivery with Private 
Vehicles 

80 3 100 24,000 

Deliveries with third 
party 

12.8 5 100 6,400 

Total       30,400 

 
Final 

Delivery with Private 
Vehicles 

75 2.5 100 18,750 

Deliveries with third 
party 

10 4.5 100 4,500 

    
23,250 

Table 38 - Data Inputs: Balchik 

 

Some assumptions have to be established in order to quantify the baseline they are listed below: 

1. Private Car fuel Economy = 7.1l/100km 

2. Third Party Fuel Economy (Vans mainly) = 16l/100km 

3. Euro Class 1-3 for private and 3rd Party are evenly proportioned to get an average for CO, 

NOx and PM factors /km 
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The first two assumptions are in relation to the fuel economy of the logistical vehicles in question. 

The third is in relation to the emission factors which are assumed to be evenly distributed across the 

classes.   

7.3 Key Performance Indicators 

 

 The following KPIs were chosen for these measures: 

 Total  Fuel Consumption [l/ year] 

 Total Energy [kWh/ year] 

 Total Final Consumption CO2 [t CO2/ year] 

 Total Primary Energy CO2 [t CO2/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg CO/ year] 

 Particles [kg PM10/ year] 

 

 

7.4 Measure 1 & 2 – Loading/Unloading bay & Route Optimisation Evaluation 

Methodology 

 

 

 

The methodology for evaluation this 

measure was to use vehicle counting survey 

at the entrances and exit to the target area.  

 

Further studies would be needed in which 

the business owners or transportation 

operators were surveyed in order to 

estimate the average distance travelled and 

the fuel economy within the area.  

 

Failing these surveys the two variables 

would have to be estimated. This will then 

yield the indicators of Energy and CO2 for the 

baseline and final given the impact of these 

measures. Both measure are not 

independent of each other, therefore it is 

impossible to evaluate individually, 

consequently are evaluated collectively. 

 

 

 

 

 

 

 

Figure 15 - Evaluation Methodology: Balchik 
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7.5 Results 

 

The data received described the total logistical effort from both business’ own private and third party 

transport for the enclose study area. Therefore this data produced a baseline and a final evaluation 

of the logistical efforts in the area.  Table 39 displays the energy and environmental KPIs for the 

measures implemented.  

 

Parameter 

Baseline  After   

Private 

Vehicle 

Third 

Party 
Total 

Private 

Vehicle 

Third 

Party 
Total 

Units 

Total Distance (km) 21,600 5,760 27,360 18,750 4,500 23,250 km 

Average Fuel Economy 7.1 16  7 16  l/100km 

Number of vehicles 80 12.8  75 10  

 Fuel Consumption 1,534 922 2,455 1,331 720 2,051 litres 

Energy 15,595 9,372 24,967 13,537 7,322 20,859 kWh/year 

Carbon Dioxide (Final) 4.1 2.5 6.6 3.57 1.93 5.50 tCO2/year 

Carbon Dioxide (Primary) 5.1 3.1 8.2 4.42 2.39 6.81 tCO2/year 

Carbon Monoxide 31.4 18.0 49 27.25 14.03 41.28 kg CO/year 

Nitrous Oxide 25.2 7.2 32 21.88 5.64 27.52 kg NOx/year 

Particles 1.9 1.0 2.9 1.69 0.78 2.47 kg PM10/year 

Table 39 - KPIs: Balchik 

 

 

Parameter Savings  Savings (%) Units 

Total Distance (km) 7,150 23.5% km/year 

Fuel Consumption 677 24.8% litres/year 

Energy 6,882 24.8% kWh/year 

Carbon Dioxide (Final) 1.81 24.8% tCO2/year 

Carbon Dioxide (Primary) 2.25 24.8% tCO2/year 

Carbon Monoxide 13.55 24.7% kg CO/year 

Nitrous Oxide 8.51 23.6% kg NOx/year 

Particles 0.80 24.5% kg PM/year 

Table 40 – Impact Savings: Balchik 

 

 

In conclusion to both measures, it can be seen that their collective save on average 24% of the 

baseline as shown in Table 40. This is due to the distance in which the route is reduced and the 

numbers of vehicle undertaking the trip being cut. The route decrease is obviously designed but the 

reduction in number s is an indirect effect of limiting access to the area. Private transportation and 

third are now using each trip efficiently. The above results are based on factors in Table 41.  
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Variable Private Vehicles Third Party Units 

Energy Conversion Factor 10.2 10.2 kWh/ l 

Carbon Dioxide (Final) 2,680 2,680 g CO2/l of diesel 

Carbon Dioxide (Primary) 3,322 3,322 g CO2/l of diesel 

Carbon Monoxide 1.45 3.12 g CO/km 

Nitrous Oxide 1.17 1.25 g NOx/km 

Particles 0.09 0.17 g PM10/km 

Table 41 - KPI Factors: Balchik 

 

As mentioned in the assumptions, the number of different classes in use in the areas is estimated to 

be of equal proportion. Therefore the average is taken for Cars and Vans, Table 42.  

 

EURO - Cars 
CO 

(g CO/km) 

NOx 

(g NOx/km) 

PM 

(g PM10/km) 

Euro 1 2.72 2 0.14 

Euro 2 1 1 0.08 

Euro 3 0.64 0.5 0.05 

Average 1.45 1.17 0.09 

  
EURO - Vans 

CO 

(g CO/km) 

NOx 

(g NOx/km) 

PM 

(g PM10/km) 

Euro 1 6.9 1.7 0.25 

Euro 2 1.5 1.2 0.17 

Euro 3 0.95 0.86 0.1 

Average 3.12 1.25 0.17 

Table 42 - KPI Factors Derivation: Balchik 

 

 

7.6 Non-Energy/Environmental Related Aspects 

 

Implementation: For Measure 1 it is estimated that the measure could be achieved by a simple 

decision of the City Council due to the proposal made by the mayor. This measure will be employed 

in the high tourist season only for maximum impact and returns, which lasts from June to end of 

September. The limitations are intended to the space around the sea shore (the only promenaded 

way near the coast). For such a measure the parking places also have to be provided.  

 

For Measure 2, the time limitation of the vehicles’ access to the coastal area in Balchik, as well as to 

other heavy trafficked ways was implemented. The implementation time will again correlate with the 

tourist season. The time limitations could be agreed between the main stakeholders in logistics and 

the city.  Three zones to be established are: 

 Zone 1 – time window – 9.00-12.00 and 14.00-18.00 

 Zone 2 – time window – 14.00-16.00 
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 Zone 3 – time window – free access as well as all other streets and ways. 

 

Traffic Levels: The measures are estimated to decrease the car traffic to about 33% to the common 

traffic stream.   

 

Stakeholders/Target group involved: Transportation firms, Local population, Guests and tourists, 

Local Business 

 

Community Engagement: The installation of the public visible posters of the measured units of the 

pollutants, compared with the acceptable levels according the low regulations can have a positive 

effect to the population and tourists. The on-line information about the local situation of the main 

pollutants – CO2, NOx, SO2, particles, etc. could be an effective measure to increase the visibility of 

the measure taken. 

 

Operational Cost: It is estimated to be no cost for the space limitation measure 1 but the cost for 

measure 2, the time limitation, is estimated to be several hundred lev. 
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8 BURGOS  
 

8.1 Soft Measures Description 

1. New regulations for the historical centre access, with special permission for loading- 

unloading areas. Currently there are traffic regulations (9 entrances and 10 exits that could 

be used indistinctly) and the area is divided in 9 sectors (with no specific entrance, circuit, 

and exit for each of it). 

 

2. Card system on loading and unloading for shop owners and hostelry owners (for non-labelled 

vehicles). Before the card system, there was a survey completed amongst the historic centre 

businesses, to know how often they needed to enter the city with their own vehicles. The 

results were: 

- 25%: daily  

- 65%:  exceptionally (1 day per week) 

- 10%: never 

 

The card system aims to reduce the number of journeys by restricting access while not 

impacting on the business activities within the area.  

 

8.2 Data Collection Process 

 

Data collection adopted: 

 

1. Street interviews - The following information has been analysed as part of the business 

activity in the area:  vehicles type, load factor, number of trips per week/day/month and 

transported freight type, etc. 

 

2. Street vehicle counts - The vehicle counts were taken at the entry/exit points of historic 

centre. These points allow only the freight traffic during certain hours each day. The points 

for data collection were chosen based on the volume of freight traffic.  

 

3. Transportation Operator interviews – Road side interview were conducted to find the 

following information: the kind of vehicles used, the actual load factor, number of trips per 

week/day/month and transported freight type, etc. The surveys were repeated four different 

times in order to cover different working days of the week and different time periods of the 

day (peak vs. non-peak hours) and to remove any sort of bias in the data. 

 

Table 43 presents some of the more important pieces of data gathered to calculate the KPIs. 
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Inputs - Baseline 

Minivan/ 

Van LCV HCV Total  Units 

Vehicles per day 168 336 140 644 

 Fuel Used Diesel Diesel Diesel 

  Fuel Economy 7.2 9.1 9.3 

 

l/100km 

Load Factor 65 53 87.5 

 

% 

Trips per year per vehicle 450 405 248 

  Distance Per Year per vehicle 5,400 10,206 7,493 23,099 km 

Working days 225 225 225 225 

 Table 43 - Data Inputs (Baseline): Burgos (Measure 1) 

 

Inputs - Final 
Minivan/ 
Van LCV HCV Total  Units 

Vehicles per day 188 220 87 495  
 Fuel Used Diesel Diesel Diesel 

  Fuel Economy 7.2 9.1 9.3 
 

l/100km 

Load Factor 65 53 87.5 
 

% 

Trips per year per vehicle 450 405 247.5 
  Distance Per Year per vehicle 5,400  10,206  7,493  23,099  km 

Working days 225 225 225 225  
 Table 44 - Data Inputs (Final): Burgos (Measure 2) 

 

Inputs - Baseline 
Minivan 
/van /Car 

Category 1 
Usage 

Category 2 
Usage Units 

Number of Businesses   75 195   

Fuel Used Diesel Diesel Diesel 
 Fuel Economy 7.2 7.2 7.2 l/100km 

Load Factor 65 65 65 % 

Trips per year per vehicle 450 450 90 trips  

Distance Per Year per vehicle 5,400  5,400  1,080  Km/year 

Distance Per Trip 12  12  12  km/trip 
Table 45 - Data Inputs (Baseline): Burgos (measure 2) 

 

Inputs - Final 
Minivan 
/van /Car 

Category 1 
Usage 

Category 2 
Usage Units 

Number of Businesses   96 174   

Fuel Used Diesel Diesel Diesel 
 Fuel Economy 7.2 7.2 7.2 l/100km 

Load Factor 65 65 65 % 

Trips per year per vehicle 450 450 90   

Distance Per Year per vehicle 5,400  4,320  1,080  km 

Distance Per Trip 12  10  12  km/trip 
Table 46 - Data Inputs (Final): Burgos (measure 2) 
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8.3 Key Performance Indicators 

 The following KPIs were chosen for these measures: 

 Total  Fuel Consumption [l/ year] 

 Fuel per Trip [l/ trip] 

 Total Energy [kWh/ year] 

 Total Final Consumption CO2 [t CO2/ year] 

 Total Primary Energy CO2 [t CO2/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg CO/ year] 

 Particles [kg PM10/ year] 

8.4 Measure 1 – Loading Regulation Evaluation 

Methodology 

As part of measure 1, traffic survey were undertaken over the 

course of four days to estimate the total traffic over the 

course of a year. The counts were taken at 6 entrance/exit 

points of the histrionic centre.  

 

The data detected 902 vehicles per day, entering and leaving 

the target area through the points studied, in the time 

window 8-10:00. Of this total, 644 were vehicle entries into 

the area. Surveys were carried Tuesday to Thursday in order 

to avoid weekend traffic influence. 

 

The traffic study also surveyed transportation operators to 

estimate their fuel economy, distance travelled within the 

area and loading capacity. Business activity of the operators 

was also quantified to find the number of deliveries within 

the target area.  

 

8.5 Measure 2 – Management System Evaluation 

Methodology 

 

This methodology utilises the same survey data as 

measure 1, in addition to measure 1’s survey data it also 

analyses the businesses that use their own transportation 

to supply their businesses.  

 

It was found that 25% of them (75 businesses) daily, 

supply their businesses with their own transportation. 

Using the values found for the van/car fuel data in 

measure 1, the energy used by their won transportation 

was calculated and the baseline and final indicators were 

derived.  

 

 

Measure 1 - Loading/Unloading regualtions and Route 

Optimisation

- Vehicle Breakdown
- Quantity

- Load Capacity
- Fuel Economy

Indicators:
- CO2

- Energy
- Number of trips
- km per trip
- loading capacity

Traffic Survey

Baseline Measure 1

Business Survey

- Deliveries

Figure 16 - Evaluation Methodology (Measure 

1): Burgos 

 

Measure 2 - Management System for non-labeled vehicles

- Vehicle Breakdown
- Quantity

- load Capacity
- Fuel Economy

Indicators:
- CO2

- Energy
- Number of trips
- km per trip
- loading capacity

Traffic Survey

Baseline Measure 2

Business Survey

- Deliveries
- % own 

transportation

Figure 17 Evaluation Methodology (Measure 2): Burgos 

 



D3.5 - Local impact assessments 

 

 

41 

 

8.6 Results 

 

8.6.1 Measure 1 

 

The data received from Burgos is based on vehicles enter the enclose area on a particular day and are 

extrapolated up for one year’s worth of data. For measure 1, the baselines and impacts are available 

and are shown in Table 47, Table 48, and Table 49.  

 

Parameter 
Minivan/ 

Van LCV HCV 
Total Units 

Distance Per Trip Per vehicle 12 25 30 

 

km/trip 

Fuel Consumption 65,318 312,059 97,563 474,940 l/year 

Total Distance 907,200 3,429,216 1,049,062 5,385,478 km/year 

Fuel per Trip 1 2 3 

 

l/trip 

Energy  664,223 3,173,324 992,116 4,829,663 kWh/ year 

Carbon Dioxide (final 

Consumption) 

175 836 261 

1,273 t CO2/ year 

Carbon Dioxide (Primary 

Energy) 

217 1,037 324 

1,578 t CO2/ year 

Nitrous Oxide 227 857 262 1,346 kg NOx/ year 

Carbon Monoxide 454 1,715 525 2,693 kg CO/ year 

Particles 23 86 105 213 kg PM10/ year 

Table 47 - Baseline KPIs (Measure 1): Burgos 

 

 

Parameter 
Minivan/ 

Van LCV HCV 
Total Units 

Distance Per Trip Per vehicle 12 25 30  km/trip 

Fuel Consumption 73,094 204,324 60,628 338,047 l/year 

Total Distance 1,015,200 2,245,320 651,917 3,912,437 km/year 

Fuel per Trip 1 2 3  l/trip 

Energy  743,297 2,077,772 616,529 3,437,598 kWh/ year 

Carbon Dioxide (final 

Consumption) 

196 548 162 906 

t CO2/ year 

Carbon Dioxide (Primary 

Energy) 

243 679 201 1,123 

t CO2/ year 

Nitrous Oxide 254 561 163 978 kg NOx/ year 

Carbon Monoxide 508 1,123 326 1,956 kg CO/ year 

Particles 25 56 65 147 kg PM10/ year 

Table 48 - Final KPIs (Measure 1): Burgos 
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Parameter 

Minivan/ 

Van 

LCV HCV Total 
Units 

Savings  Saving 

(%) 

Savings  Saving 

(%) 

Savings  Saving 

(%) 

Savings  Saving 

(%) 

 

Fuel Consumption -7,776 -12% 107,735 35% 36,934 38% 136,893 29% l/year 

Total Distance -108,000 -12% 1,183,896 35% 

397,14

5 38% 1,473,041 27% km/year 

Fuel per Trip 0 0% 0 0% 0 0%   l/trip 

Energy  -79,074 -12% 1,095,552 35% 

375,58

7 38% 1,392,065 29% kWh/ year 

Carbon Dioxide 

(final Consumption) -21 -12% 289 35% 99 38% 367 29% t CO2/ year 

Carbon Dioxide 

(Primary Energy) -26 -12% 358 35% 123 38% 455 29% t CO2/ year 

Nitrous Oxide -27 -12% 296 35% 99 38% 368 27% kg NOx/ year 

Carbon Monoxide -54 -12% 592 35% 199 38% 737 27% kg CO/ year 

Particles -3 -12% 30 35% 40 38% 67 31% kg PM10/ year 

Table 49 – Impact Savings (Measure 1):  Burgos 

 

On average the reduction in energy and emission are seen to be 29% overall. This is due mainly to a 

decrease in the vehicle numbers entering the target area. The overall vehicle count decreased by 

23%, examining the individual vehicle types the minivan/van category increase but the others 

reduced, hence the reason as to the larger energy and environmental reduction in comparison to the 

overall quantity of vehicles.   

 

8.6.2 Measure 2 

 

 

Parameter 

Car/ 

Minivan 

Category 1 

Usage 

Category 

2 Usage Total Units 

Fuel Consumption 389 29,160 15,163 44,323 l/ year 

Fuel per Trip 0.86 0.86 0.86 

 

l/trip 

Energy  3954  296,528   154,195   450,723  kWh/ year 

Total Distance 

 

405,000 210,600 615,600 km/year 

Carbon Dioxide (final 

Consumption) 2,680 78 41 118.8 t CO2/ year 

Carbon Dioxide (Primary Energy) 3,322 97 50 147.2 t CO2/ year 

Carbon Monoxide 0.5 202.5 105.3 307.8 kg CO/ year 

Nitrous Oxide 0.25 101.3 52.7 153.9 kg NOx/ year 

Particles 0.025 10.1 5.3 15.4 kg PM10/ year 

Table 50 - Baseline KPIs (Measure 2): Burgos 

 

“Category 1 Usage”, are businesses that use their own vehicles, daily (5 days per week).  “Category 2 

Usage”, are businesses that use their own vehicle exceptionally, this is assumed to be one day per 

week.  Both are based on a car/minivan being used for the logistical operations.  
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Parameter 
Minivan 
/van /Car 

Category 1 
Usage 

Category 2 
Usage Total Savings Units 

Fuel Consumption 389 29,860  13,530  43,390  933 litres/ year 

Fuel per Trip 0.86 0.69 0.86 
  

litres/trip 

Energy  3954 303,645  137,589  441,234  9489 kWh/ year 

Total Distance 
 

414,720  187,920  602,640  12,960  km/year 
Carbon Dioxide (final 
Consumption) 

                     
2,680  80  

                             
36  

             
116.3  

                             
3  t CO2/ year 

Carbon Dioxide 
(Primary Energy) 

                     
3,322  

                        
99  

                             
45  

             
144.1  

                             
3  t CO2/ year 

Carbon Monoxide 0.5  207.4  94  301.3  6.5  kg CO/ year 

Nitrous Oxide 0.25  103.7  47  150.7  3.24  kg NOx/ year 

Particles 0.025  10  4.7  15.1  0.324  kg PM10/ year 
Table 51 - Final KPIs and Impact (measure 2): Burgos 

 

The results so far have a small impact but this would be anticipated to increase as business owner 

cooperation improves, knowledge of the scheme increases and buy-in for the scheme improves. The 

observed impact have being that: 

 More businesses have now moved into the Category 1 usage, previously 75 compared to 95 

currently. However category 1 usage has decreased from utilising transportation daily to 

utilising it four days a week.  

 

The table below shows the factors that were used in the calculations of the above KPIs 

 

Variable 

Car/ 

Minivan Vans Light Truck Units 

Energy Conversion Factor 10.169 10.169 10.169 kWh/ l 

Carbon Dioxide (final) 2680 2680 2680 g CO2/l of diesel 

Carbon Dioxide (Primary Energy) 3322 3322 3322 g CO2/l of diesel 

Carbon Monoxide 0.5 0.5 0.5 g CO/km 

Nitrous Oxide 0.25 0.25 0.25 g NOx/km 

Particles 0.025 0.025 0.1 g PM10/km 

Table 52 - KPI Factors: Burgos 
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8.7 Non-Energy/Environmental Related Aspects 

Parameter Car/Minivan Vans Light Truck Units 

Load Capacity 652 1240 1900 kg 

Engine Types EURO 4 EURO 4 EURO 3 

 Load Factor 65 53 87.5 % 

Engine Size 66 100 107 

 Deliveries Per day per vehicle 6 3.96 8.36 

 Average number of trips per day per 

vehicle 2 1.8 1.1 

 Average distance per day per vehicle 24 45.36 33.31 km 

Table 53 - Non Energy KPIs: Burgos 

 

Implementation: For measure 1, bollards controlling the pedestrian areas were introduced, phones 

and cameras surveillance 24 hours days were also installed. This involves the reorganisation of traffic 

by restricting several pedestrian streets, the design of routes, neighbouring access protocols and 

other traffic and public road use. Vehicles undertaking loading and unloading jobs may park every 

day from Monday to Saturday morning, on the following schedule: 

 Deliveries/Returns of interested sectors: From 7:00 to 12:00 hours. 

 For food and beverage distributors deliveries will be to 13:00 throughout the year, Monday, 

Tuesday or Wednesday depending on the street. 

 The afternoon schedule for loading/unloading will be from 16:30 to 17:30 all year, Monday to 

Friday (apart from some areas). 

 Permitted maximum allowance for these areas will be 8,000 kg. 

 

For measure 2, a management card system for loading/unloading for shop owners and hostelry 

owners (for non-labelled vehicles) was introduced. City Hall provides the Downtown Historic 

Merchants Association with 20 unidentified registration cards, which will be distributed to members 

and non-members merchants of the historic centre, who need to load and unload goods. Aimed at 

private persons, business owners situated in areas of the historic centre, with unlabelled vehicles, 

within generally schedule set for loading and unloading, for a maximum of 20 minutes, in which they 

actually have to perform loading and unloading tasks. This would lead to a minimal and efficient 

number of trips per business owner. 

 

Stakeholders/target group Involved: Local authority (including policy makers and urban planners), 

professional workforce operating logistics services in the area, chamber of commerce, institutional 

representative of the local economic operators, retailers, distributors, wholesalers, shopkeepers, 

hoteliers and residents.  

 

 Operational Cost: For measure 1, as the regulation itself is free, but some of the terms included in it 

such as the camera control, bollards, etc., has an economic cost covered by the municipal budget. For 

measure 2 a minimum cost in incurred, the cards and a registration book.
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9 DUNDEE  

9.1 Soft Measures Description 

1. Increase the enforcement levels for loading bays within the city centre. This should prevent 

freight vehicles circulating the city adding extra mileage with the added associated 

environmental problems. 

2. Mode Change: Electric vehicles for the local councils’ fleet in the city. 

 

9.2 Data Collection Process 

Data collection adopted: 

 

1. CCTV Analysis - The baseline data is to identify the illegal/inappropriate use of loading bays. It 

is envisaged that when increased parking enforcement levels are introduced the appropriate 

spaces for freight vehicles will be freed up therefore given good access to their destinations 

for distribution. This CCTV analysis identified the affected vehicles due to illegal parking, as 

was the distance due to illegal parking.  

 

2. Fleet Records - The council has fleet records for each vehicle, form this the total distance and 

average fuel consumption was easily ascertained. 

 

Table 54 and Table 55 shows the partner input data that was provided for the baseline analysis.  

 

Input Value Units 

Legal Use 36:05:00 Hours 

Illegal Use 34:32:28 Hours 

Vacant  217:02:35 Hours 

Analysis Period 1 Day 

Working Days 253 Day 

Analysed Loading Bays 6 

 Total Loading Bays 35 

 Number of Affected Trucks 1 

 Fuel Economy  15.7 l/100km 

Estimated Distance Affected Truck Travels  0.88 km 

Table 54 - Data Inputs (measure 1): Dundee 

 

Input Value Units 

Number of Electric Vehicles Analysed 39 

 Number of Electric Vehicles for Measure 29 

 Distance for Analysis Period  (1 month) 27,715 km 

Area of Dundee 63.1 km2 

Area of Study Area 0.57 km2 

Table 55 - Data Inputs (Measure 2): Dundee 
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The following assumptions were also employed to formulate the baseline for measure 1: 

1. The vehicle displaced is a large Good vehicle of Euro class 4 

 

The following assumptions were also employed to formulate the baseline for measure 2:  

1. Proportion of vans/car in the measure are the same as those analysed 

2. Fuel Economy Car - 5.8l/100km 

3. Fuel Economy Van - 15.5l/100km 

4. Assumed to be Euro 4 category 

 

9.3 Key Performance Indicators 

 

 The following KPIs were chosen for these measures: 

 Total  Fuel Consumption [l/ year] 

 Distance [km/year] 

 Total Energy [kWh/ year] 

 Total Final Consumption CO2 [tCO2/ year] 

 Total Primary Energy CO2 [tCO2/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg CO/ year] 

 Dust Particles [kg PM10/ year] 

 

9.4 Measure 1 – Loading Regulation Evaluation Methodology 

 

The data from the CCTV analysis 

gives the time illegal spent in the 

loading areas and the number of 

occurrences per day. The 

transportation operators’ survey 

will give an estimated distance 

travelled due to the illegal 

parking and average fuel 

consumption. 

  

Thus given the fuel consumption 

and other associated indicators. 

It was proposed to also analysis 

the indirect effect to other road 

users that this illegal parking may 

have in terms of congestions 

levels but it was estimated to 

have little accuracy to quantify 

this. 

 

Figure 18 - Evaluation Methodology 

(Measure 1): Dundee 

 

 

Measure 1: Loading/Unloading bay enforcement & regulation

CCTV Visual and 
time analysis 

Transport operator 
Survey 

Visual Analysis 
on the indirect 
effect on traffic

Distance due to 
unavailability of 

spaces

Estimate the 
congestion level 
caused to traffic

Baseline Measure 1
Indicators: 

- Energy consumed due 
to illegal parking

- CO2

Baseline 
Measure 1

Assumptions:

- Distance travelled 

by sample group is 

representative of all
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9.5 Measure 2 – Mode Change of Council Fleet Evaluation Methodology 

This analysis was completed retrospectively using recently purchased electric vehicle data.  

 

 

 

 

These vehicles were not direct 

replacements but gave the council the 

opportunity to move away from buying 

diesel ones so the saving in CO2 describes 

the saving if local council purchased 

diesel vehicles instead.  

 

This data gives the total distance 

travelled by a number of vehicles. 

Assumptions were then made about the 

fuel economy, engine size, and 

distribution of distance. These datasets 

were then used to create the baseline 

indicators.   

 

 

 

 

 

 

9.6 Results 

9.6.1 Measure 1 

The data to formulate the results was to quantify the number of vehicle that had to take additional 

actions when illegal parking occurred. Due to the nature of the data the baseline, final and impacts 

indicators of the measure was quantifiable. Table 56 shows the energy related baseline KPIs for 

measures 1.  

 

Parameters Value Units 

Daily Affected Distance 5.13 km/day 

Affected Distance 1299 km/year 

Fuel Consumption 204 l/year 

Carbon Dioxide (final Consumption) 0.5 tCO2/year 

Carbon Dioxide (Primary Energy) 0.7 tCO2/year 

Carbon Monoxide 4.4 kg CO/year 

Nitrous Oxide 10.37 kg NOx/year 

Particles 0.21 kg PM10/year 

Table 56 - Baseline KPIs (Measure 1): Dundee 

Figure 19 Evaluation Methodology 

(Measure 2): Dundee 

 

Measure 2: Council Fleet Mode Change to Electric Vehicles

No of EV Vehicles

Distance in one 
month

Baseline Measure 1
Indicators: 
- Energy 
- CO2

Baseline 
Measure 2

Propagated up to 
one year

Data for August 
2013 

Assumptions:  
- Sample month 
to equal all 
months

Convert to 
CO2 value

Assumptions:  
- Fuel Economy: 
- Engine Size:
- Distance 
traveled is equally 
distributed 

Assumptions:  
- sample month 
to equal all 
months

Convert to 
Energy value
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9.6.2 Measure 2 

 

The data supplied for this measure include the distance and fuel economy of electric vehicles 

currently, therefore the result given below are impact results as the baseline of the original diesel 

vehicle was not obtainable. Fuel economy for the diesel vehicle is assumed. Table 57 depicts the 

baseline KPIs for the mode change for the proposed 29 new council vehicles.  

 

Parameter Value Units 

Annual Distance 3,020 km 

Fuel Economy 7.5 l/100km 

Fuel Consumption 226 l 

Energy 2,295 kWh/year 

Carbon Dioxide (final Consumption) 0.6  t CO2/year 

Carbon Dioxide (Primary Energy) 0.7   t CO2/year 

Carbon Monoxide 1.5 kg CO/year 

Nitrous Oxide 0.8 kg NOx/year 

Particles 0.1 kg PM10/year 

Table 57 - Baseline KPIs (Measure 2): Dundee 

 

Table 58 and Table 59 demonstrate the factors used to calculate the baseline KPIs for the measure 1 

and measure 2 respectively.  

 

Variable Value Units 

Energy Conversion Factor 10.169 kWh/ l (diesel) 

Carbon Dioxide (final Consumption) 2680 g CO2/l  (diesel) 

Carbon Dioxide (Primary Energy) 3322 g CO2/l (diesel) 

Carbon Monoxide 21.4 g CO/l diesel 

Nitrous Oxide 50.8 g NOx/l (diesel) 

Particles 1.02 g PM/l (diesel) 

Table 58 - KPI factors: Dundee (Measure 1) 

 

 

Variable Value Units 

Energy Conversion Factor 10.169 kWh/ l (diesel) 

Carbon Dioxide (final Consumption) 2680 g CO2/l (diesel) 

Carbon Dioxide (Primary Energy) 3322 g CO2/l (diesel) 

Carbon Monoxide 0.5 g CO/l (diesel) 

Nitrous Oxide 0.3 g NOx/l (diesel) 

Particles 0.03 g PM10/l (diesel) 

Table 59 - KPI factors: Dundee (Measure 2) 
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9.7 Non-Energy Related Aspects 

Implementation: For measure 1, Dundee City Council employed parking attendants issue Penalty 

Charge Notices (PCN) to vehicles which are illegally parked in the city. A vehicle receiving a PCN pays 

a fine of £60 to the council and this, acts as a deterrent for parking illegally. The soft measure to be 

introduced by Dundee City Council is to increase the enforcement levels of loading bays within the 

city centre. This means increasing the frequency of parking attendants monitoring loading bays to 

ensure that they are not abused by non-freight vehicles. The implementation time is intended to 

correlate with the tourist season which lasts from August to end of December. Pressure on parking 

and loading spaces increases during the autumn and winter time as this is the busy retail period prior 

to Christmas. 

 

Traffic levels: Freight vehicles often find it difficult to find a suitable location to park and offload their 

goods due to illegally parked cars. Consequently they have to double park or park illegally elsewhere, 

causing obstruction to other vehicles  or circulate round the study area till a space in a loading bay is 

vacated, thus increasing fuel use and boosting emissions 

 

Stakeholders/Target group Involved: Logistical Operators, illegally parked vehicles, motorists and 

citizens and for measure 2 council employees.    

 

Community Engagement: Dundee City Council control parking enforcement in the city and therefore 

this measure can be implemented without the need for other stakeholder involvement and Dundee 

City Council control the procurement of the Electric Vehicles from the manufacturer. Training will be 

required for all EV users and again this will be delivered by the council / manufacturer.   

 

Operational Cost: Any additional costs of the extra enforcement levels in the city centre will be offset 

against revenue from additional PCNs issued and will be contained within Dundee City Council 

existing budgets. There may be additional costs associated with the monitoring its implementation 

this will be approximately £2/3,000. For measure 2, it is estimated that each vehicle will cost 

approximately £10,000 although this does not cover the installation of electric charging points. 

 

Support mechanisms: For measure 1, there are no additional facilities required as the council has all 

the necessary equipment. There will be additional management reorganisation of parking 

enforcement work patterns to increase enforcement in the city centre area where the loading bays 

are located.  The council has 18 parking attendants who undertake enforcement through issuing of 

PCNs at a £60 charge. The council recovers the charge through well-established legal processes. 

Enhanced enforcement levels in the city centre should increase revenue from PCNs till levels of illegal 

parking reduce. For measure 2, to support the Electric Vehicles there will be a requirement for 

electric charging points to be available for the new EVs. This is to ensure that full use of these 

vehicles can be achieved as EVs are still limited by the vehicle range due to the battery.   
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10 SERRES  
 

10.1 Soft Measures Description 

1. Local awareness campaign to the shopkeepers, transport operators and general public 

regarding the need to respect the city logistics policy.  This will be achieved by helping them 

to understand that city logistics is part of the sustainable urban mobility plan and a 

prerequisite in order for it to be successfully implemented. 

2. Improvement of loading/unloading areas, by making specific designation and also painting 

the Enclose logo on them.  Increasing the number of these areas according to the shop 

keepers’ needs.  Development of a booking platform in order to properly assign these areas 

to the transport operators. 

 

10.2 Data Collection Process 

 

Data collection adopted: 

1. The baseline data collection for measure 1 included field surveys, focusing on logistics 

operators in one specific part of the target area. Contact with these operators will give 

the basis for the estimation of the distance travelled while waiting for a loading space to 

become available. Also the vehicle data will be sampled in the same way. After the 

measures’ implementation, the same data will be collected in order to assess the 

benefits of behavioural changes.  In addition, some before and after traffic counts will be 

undertaken, as well as estimations of the main network Volume/Congestion (v/c) ratio, 

the average speeds, etc.  For the traffic counts, the existing equipment of the 

municipality of Serres (wireless speed counters) will be used.  This equipment is currently 

installed in the network of the city in the form of the EASYTRIP cross-border project. 

 

2. Specific questionnaires will be used in order to record the needs of the shop keepers 

(number of spaces needed for specific time windows).  The web platform of the 

Municipality of Serres will be used to undertake the web-satisfaction survey of the 

shopkeepers and the transport operators.  Data regarding the parking rotation ratio of 

the loading/unloading areas will also be collected before and after the implementation 

of the measures.  Finally, traffic counts will take place. 

 

Nr of vehicles Number EUR 1 EUR 2 EUR 3 EUR 4 EUR 5 

Small Vans        

(0-2tn) 
540 

  

100% 

  Large Vans     

(2-3.5tn) 
558 

  100% 

  Vans (>3.5tn) 272* 
  

100% 

  

       * No. of vehicles are calculated as PCU, Passenger Car Units. 
Table 60 -  Data inputs: Serres 
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 Average traffic composition of LOV per displacement and fuel 

Diesel <2.0 0% 

  Diesel >2.0 100% 

  LPG 0% 

  Hybrids 0% 

  Table 61 - Data Inputs: Serres 

 

Assessment of the total distance km covered as transporters can’t find the specific spaces free to park 

 

Transporter 

 1 

Transporter 

2 

Transporter 

3 

Transporter 

4 

Transporter  

5 

Dist. Warehouse - 

city center 
7 11 18 5 30 

km 

Actual dist. Driven 14 13.75 22 7 33 km/v./day 

Waste distance 

/vehicle/day 7.00 2.75 4.00 2.00 3.00 km 

        

Working days/year 298 

      Table 62 - Data Inputs: Serres 

 

 

10.3 Key Performance Indicators 

 For measure 1, the evaluation of the proposed measures’ impact will be based on specific indicators 

such as the reduction of the v/c ratio, the increase of the average speed, the reduction of traffic 

flows, the reduction of delays and the respective reduction of CO2 emissions. 

 

For measure 2, the evaluation of the soft measure’s impact will be based on specific indicators such 

as the difference in the rotation ratio for the loading/unloading areas, the increase of the 

shopkeepers’ and transport operators’ satisfaction index, the reduction of the v/c ratio, the increase 

of the average speed, the reduction of traffic flows, the reduction of delays and the respectively 

reduction of CO2 emissions. 

The following KPIs were chosen for the measures: 

 Total  Fuel Consumption [l / year] 

 Total Energy [kWh/ year] 

 Total Final Consumption CO2 [t CO2/ year] 

 Total Nitrous Oxide [kg NOx/ year] 

 Total Carbon Monoxide [kg  CO/ year] 

 Particles [kg PM10/ year] 
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Measure 1 – Local Campaign Evaluation 

Methodology 

 

 

The transportation operators’ survey will give a 

distance travelled due to lack of free loading 

space. Thus the fuel consumption and other 

associated indicators can be calculated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.4 Measure 2 –Loading Area Viability 

Evaluation Methodology 

 

The transportation operators’ survey will give a 

distance travelled due to lack of free loading area. 

Thus the fuel consumption and other associated 

indicators can be calculated. It is proposed to also 

analyse the indirect effect to non-logistic vehicles 

that this illegal use may have in terms of congestions 

levels. 

 

Measure 1 - Local Campaign

Behavioral Change 
& Attitude Analysis

Estimation of V/C 
ratio, speed, etc

Indicators:
- traffic Flow

- Speed
- Delays

- CO2 
- Energy 

Traffic Counting
Field Surveys - 

Attitudes 

Baseline Measure 1

Figure 20 - Evaluation Methodology (Measure 1): Serres 
Measure 2 - Improvement of loading area viability

Attitude Analysis
Estimation of V/C 
ratio, speed, traffic 

flow calculation

Indicators:
- Traffic Flow

- Speed
- Delays

- Rotation Ratio
- Satisfaction Index

- CO2 
- Energy 

Parking Rotation 
Survey

Traffic Counts

Field Surveys - 
Shop keeper, 

transport operator 
satisfaction  

Baseline Measure 2

Figure 21 - Evaluation Methodology (Measure 2): Serres 
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10.5 Results 

Table 63 displays the energy and environmental KPIs for the two measures. No final impact data is 

available.  

 

Parameter Value Unit   

Average waste dist 

/vehicle/day 3.75 km 

 Total waste dist/year 5 138 km 

 Diesel waste consumtion 190 042 l/year 

 Waste energy  1 933 MWh/year 

Emissions CO2 509 t CO2 /year 

CO 1 174 kg/year 

 NOx 944 kg/year 

 PM 104 kg/year 

 Table 63 - Baseline KPI: Serres 

 

These calculations are based on the factors in Table 64 and Table 65 

 

Parameter Value Unit 

Diesel Density 0.85 kg/l 

Diesel Energy  Factor 10.169 kWh/l 

CO2 per kg diesel 3.153 kg/kg 

CO2 emission per lit diesel 2.680 kg/l 

Table 64 - KPI Factors: Serres 

 

Type weight 

Fuel 

Type Tier CO NOx PM Units 

Light Commerical Vehicle <= 1305kg Diesel Euro 3 0.64 0.5 0.05 g/km 

Light Commerical Vehicle 1305-1760kg Diesel Euro 3 0.8 0.65 0.07 g/km 

Light Commerical Vehicle 1760-3500kg Diesel Euro 3 0.95 0.78 0.1 g/km 

Average 

   

0.80 0.64 0.07 g/km 

Table 65 - KPI factors derivation: Serres 

 

Assumption is made that the 5 transporters have the same distribution of van types. 

Not knowing the exact consumptions the following assumptions are made: 

 

Factors Value Units 

Diesel  vehicle  tier EURO 3 

 Fuel  economy     

Small Vans       (0-2tn) 10 l/100km  

Large Vans    (2-3.5tn) 13 l/100km  

Vans (>3.5tn) 16 l/100km  
Table 66 - Assumptions: Serres 
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10.6 Non-Energy Related Aspects 

 

Implementation:  

For the preparation, implementation and evaluation of the two measures regarding “Improving 

signage and allocation of loading/unloading areas”, and “Enhancement of citizens’ awareness for 

sustainable transport of passengers and freight”, specific actions should be carried out.  

 

A number of parameters will be investigated before implementation of the measures. Among these 

are recording of commercial shops, informing shop-keepers about the project, conducting parking 

studies, traffic counts, developing a loading booking platform, and developing promotional material. 

During the implementation phase more loading spaces will emerge. Police enforcement will be 

strengthened.  

 

The promotional part of the measure will last for 6 months with a permanent web info tool and 

dissemination material through the e-platform of Serres Municipality. The loading areas’ booking 

system will last for 6 months, while the appropriate designation of the respective areas will be 

permanent. 

 

Stakeholders/Target group Involved: Different stakeholders involved in city logistics practices in 

Serres, including shop keepers, transport operators as well as the broad public 

 

Community Engagement: The loading space booking system will be implemented as part of the e-

platform of the city which was developed by the EASYTRIP cross border Project.  Specific low cost 

private parking spaces will be provided by the central (municipal) parking station of the city to the 

shopkeepers who will adopt the soft measures and will be actively involved in their pilot 

implementation. 

 

Operational Cost:  For measure 1 the cost includes specific expenditures such as the promotional 

material (brochures, website, leaflets, etc.), some extra data that will be collected for the e-platform 

and the cost for the organization of an awareness event. 
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11 Conclusion 
 

Overall the Enclose project is calculated as saving approximately 3GWh of energy and 1,000 tons of 

carbon dioxide. Obviously given the number of restriction type measures introduced in the project, 

this measure category was going to achieve the biggest absolute impact. Mode change will obviously 

have a bigger change in emission per kWh that the others as it is change fuel sources to typically 

cleaner and more efficient sources of fuel.  

 

 Mode 

Change 

Consolidation Restriction Route 

Optimisation 

Units 

Energy  736,040 791,375 1,520,107 16,371 kWh/year 

Carbon 

Dioxide 
277 182 494 5 

t CO2/year 

Table 67 - Total Savings 

  

Unfortunately due to the nature of the measures implemented and their dependency and 

connection with each other those above values might not be entirely related to those categories. 

There are also issues relating to the validity of the collected data and the degrees of accuracy 

associated with isolating one particular element of a massive complex system that is the 

transportation network of a city. Relating to this is, the fact that trying to quantify an indicator that is 

heavily reliant on factors and assumptions is inherently inaccurate.
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Annex - Performance indicators 
 

 

The table below shows the range of Key Performance Indicators (KPIs) that were used within the 

evaluation process, although the method of collection might be different in each case: 

 

 

KPIs (Key  Performance Indicators) Units 

Fuel Consumption l/100km 

Number of Deliveries Del/Year 

Average trips per year per vehicle trip/year/vehicle 

Total distance travelled km 

Total Litres/ year l 

CO Emissions g/km 

NOx Emissions g/km 

Particle Factor g/km 

Total CO/year kg CO 

Total NOx/year kg NOx 

Total Particles/Year Kg PM 

CO2 Emissions factor kg/l 

Total CO2/Year kg 

g CO2/km g/km 

Total CO2/vehicle/year g/vehicle/yr 

Total kg CO2/vehicle/trip kg CO2/vehicle/trip 

Total kg CO2/vehicle/delivery kg CO2/vehicle/delivery 

Average Fuel Use Per trip l/trip 

CO2 per vkm kg CO2/vkm 

CO per vkm kg CO/vkm 

NOx per vkm kg NOx/vkm 

 


