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2. Executive Summary  

2.1 Project objectives 

 The objective of the INTEGREEN project is to introduce and validate a demonstrative 

system that is capable to provide a detailed and integrated assessment of the real-time traffic 

and environmental conditions, the latter ones to be intended both in terms of air pollution 

levels and greenhouse gas emissions. The system is primarily thought to be used in a urban 

scenario, even if it could be applied in more general sense even to other non-urban road 

environments (e.g. highways), and is going to be empirically evaluated within the city of 

Bolzano, an alpine city located in the north of Italy within the South Tyrol region. The added 

value of the INTEGREEN system is not primarily in its enhanced monitoring capabilities, 

even if the approach which is proposed is rather new at the state-of-art, and covers certain 

aspects such as the mobile air pollution monitoring which are still at a research stage. More 

specifically, the idea is to build this integrated approach by properly fusing data gathered by 

fixed stations and mobile units to be installed on board of existing vehicles, both capable to 

give indications about traffic and air pollution conditions (Figure 1). From an environmental 

point of view, data are used in order to feed on a real-time basis a modelling chain, which is 

able to estimate both the emissions generated by urban traffic and the dispersion of pollutants 

in the air. 

 
Figure 1: The high-level architecture of the INTEGREEN system. 

The most important output of INTEGREEN as a system will be above all in the possible use 

cases that the introduction of such a monitoring instrument will be able to put into practice. In 

fact, traffic operators will be in the conditions to use the real-time information provided by 

this system in order to test and validate specific eco-friendly traffic management policies, 
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such for example the dynamic and adaptive control of traffic actuators (e.g. traffic lights) or 

the sharing of specific real-time travel information to local end-users. In a future perspective, 

this system, if further exploited in direction of connected technologies, could be used in order 

to introduce very advanced policies and schemes, e.g. providing credits or incentives to users 

presenting specific ñenvironment-friendlyò attitudes. The expectation is to empirically 

demonstrate that these enhanced strategies are in the condition to determine a reduction of air 

pollutants levels as well as CO2 emissions in the order of 15-30%, in line with the reduction 

potential indicated by several studies available at the state-of-art. The relevancy of this gain, if 

compared to the reference situation at the project start, can be further amplified by an 

increased environmental education of all mobility participants ; the role of local travellers 

in the project is therefore of upmost importance in order to ensure that a wide and solid 

environmental impact can be determined thanks to the project activities. 

For this reason, the project proposes a further integration approach, this time trying to 

complement technological with dissemination and awareness-raising actions, targeting not 

only the public audience as a whole but also specific focus groups such as students, driving 

schools and others. Thanks also to several policies and initiatives embraced in the past years 

by the Municipality of Bolzano in this domain, such as for example the creation of an 

extended bicycle road network in the city, local inhabitants have already demonstrated to have 

developed a real sustainable mobility culture. This has been confirmed by several modal split 

analysis, which have revealed the leading position of the city of Bolzano at an international 

perspective, with less than 40% choosing on average a private motorized vehicle for a urban 

trip. Given the boundary conditions explained before, the challenge that the city is trying to 

face is more related to the improvement of the behaviour of commuters and occasional 

travellers, in particular tourists. Last but not least, the INTEGREEN project aims to provide 

an important contribution at European level at different layers. First of all, the project does 

not only represent a direct implementation of the existing directives, e.g. Directive 

2008/50/EC on ambient air quality and cleaner air for Europe; indeed, the results of this 

demonstrative project could be used by the European Commission in order to update and 

further develop the legislation and policies in different domains, including transportation one, 

in order to have much more integrated and accurate approaches for the joint management of 

traffic and environmental conditions in urban areas. On the other side, the project aims to 

create the basis for active cooperation and best-practice exchanges with numerous 

organizations at European level, and provide a reference ñtoolkitò in terms of documentation, 

tools, guidelines and other useful material for other local administrations that may be 

interested to replicate the INTEGREEN experience in other environments.  

2.2 Key intermediate deliverables and outputs 

Key intermediate deliverables and outputs produced by the project are summarized in Table 1. 

Action Deliverables Outputs 

Management  D.1.2.1 ñInitial financial 
reportò 

 D.1.2.2 ñFirst year financial 

reportò 

 D.1.2.3 ñSecond year financial 
reportò 

 D.1.2.4 ñFinal year financial 

 Project Management Handbook. 

 Project accounting system with copy of 

the supporting documentation of all 

beneficiaries. 

 Final Cost Statements. 
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reportò
1
 

Requirements  D.2.1.1 ñSupervisor Centre 
components requirementsò 

 D.2.2.1 ñMobile system 
requirementsò 

 In-depth analysis of baseline 

conditions, current environmental 

issues, and potential optimization 

margins. 

 Analysis of user needs and use case 

scenarios. 

 Definition of functional architecture of 

the system, and identification of system 

requirements. 

System design  D.3.1.1 ñData management 

unit and environmental 

stations front-end designò  

 D.3.2.2 ñOn board traffic and 

environmental monitoring 

unitò 

 High level design of INTEGREEN 

system (based on standardized 

architecture FRAME). 

 Design of fixed traffic and air quality 

monitoring network. 

 Design of a low-cost system for the 

automatic monitoring of vehicular 

travel times. 

 Design of the mobile system 

components (on-board environmental / 

traffic monitoring units, telematics 

unit). 

 Design of the automatic elaboration 

tasks for the calculation of traffic 

conditions and air pollutants emissions 

and dispersion. 

 Design of the prototype tools and 

services for operators and local 

travellers. 

System 

implementation 

and integration 

 P.4.1.1: ñData management 

unit prototypeò 

 ñP.4.1.2: Vehicle-to-centre 

front-end and web interface 

designò 

 P.4.1.3:  ñEnvironmental 

stations front-end prototypeò 

 P.4.1.4: ñOperators centre web 

interface prototypeò 

 P.4.1.5: ñPublic web interface 

prototypeò 

 P.4.2.1: ñOn-board traffic 

monitoring unit prototypeò 

 Implementation of the enhanced static 

traffic and air quality monitoring 

system. 

 Installation of the Bluetooth detectors 

for the vehicular travel times 

calculation. 

 Development of the Supervisor Centre 

prototype and of the automatic 

elaboration tasks. 

 Development of the end-users 

applications. 

 Development of the mobile system 

components. 

                                                 
1
 Deliverables merged with the one produced in Action n.8, as already proposed in the Inception Report and 

approved by the EC. 
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 P.4.2.2: ñOn-board 

environmental monitoring unit 

prototypeò 

 P.4.2.3: ñOn-board telematics 

unit prototypeò 

 P.4.3.1: ñINTEGREEN system 

demonstratorò 

 Integration of the mobile system 

components in a test vehicle. 

 Integration and connection of all system 

modules with the data center layer of 

the Supervisor Centre. 

Test & 

Validation 
 D.5.1.1: ñOn-board modules 

and supervisor centre test 

resultsò  

 D.5.2.1: ñTest Bed plan and 

test scenariosò 

 D.5.2.2: ñTest Bed plan 

validation and INTEGREEN 

benefits assessmentò  

 D.5.3.1: ñQuantitative impact 

of eco-friendly traffic policiesò 

 Technical verification of system 

components in real scenario. 

 Consolidation of a Test Bed plan and of 

an overall assessment methodology 

(based on standardized FESTA 

approach). 

 Quantification of the environmental 

gain associated to selected pilot use 

cases 

 Long-term deployment of the mobile 

system on a public transportation 

vehicle. 

 Preliminary testing and assessment of 

first ñeco-policiesò strategies. 

 Assessment of the level of fulfilment of 

initial usersô needs. 

 Identification of most impacting 

environmental traffic policies for the 

city of Bolzano. 

 Consolidation of the project 

contribution to the EU policies. 

Awareness-

raising 

campaign 

 Dissemination and networking 

activities report 

 Dissemination Plan. 

 5 permanent notice boards. 

 Project website and profiles on 

Facebook and Twitter. 

 5 large scale events with users. 

 3 press releases, 1 press conference, 2 

TV / radio interviews, 20-30 presences 

on media channels in occasion of large 

scale events. 

 3 local publications. 

 1 teeming figure picture 

(ñwimmelbildò). 

 3 workshops. 

 VMSs used for educational purposes 

during large-scale events. 

 20 meetings with target groups. 
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 9 local stakeholders active involved. 

Networking & 

transnationality 
 Dissemination and networking 

activities report 

 4 presentations at international 

conferences (with other 3 in 2015 after 

the projectôs end). 

 4 networking events. 

 contacts with 7 EU networks. 

 inclusion in 2 networks. 

 5 new project ideas developed. 

Monitoring   D.8.1: ñReport Check Point 1ò  

 D.8.2: ñReport Check Point 2ò  

 D.8.3: ñReport Check Point 3ò  

 D.8.4: ñReport Check Point 4ò 

 D.8.5: ñReport Check Point 5ò 

 Definition of monitoring procedure and 

indicators. 

 Execution of five specific monitoring 

analysis, covering different project 

periods. 

Audit   D.9.1 ñAudit verification 
certificateò 

 Production of auditôs certificate. 

After -LIFE 

communication 
 D.10.1 ñAfter-LIFE 

communication planò 

 Production of After-LIFE 

communication plan 

Table 1: Key deliverables and outputs of INTEGREEN. 

Testing and validation activities have demonstrated that the introduction of the first eco-

friendly traffic policies  (speed detection enforcement system, traffic light cycles 

optimization, end-users applications has produced on average a reduction of emission in the 

order of 15%, but with higher values in case of high traffic loads. Monitoring activities have 

demonstrated the positive impact of the project, with an overall reduction of traffic 

emissions of about 3-5%  and a decrease in the usage of motorized modes of about 3-5%, 

and a reduction of air pollutant levels in the order of 5-10%. 

2.3 Final Report structure 

The report is structured as follows. Chapter 3 provides an overall introduction to the problem 

targeted by INTEGREEN, and its expected longer term results. Chapter 4 covers the 

administrative part, with a description and an evaluation of the management system followed 

by the project beneficiaries. Chapter 5 illustrates in a detailed way what has been carried out 

in each technical and dissemination action, including an evaluation of the project 

implementation and an analysis of the long-term benefits. Chapter 6 covers the financial part, 

with a summarized presentation of the costs incurred in each cost category and in each project 

action. Comments about the annexed financial statements are included as well in this section. 

Chapters 7 and 8 indicate the list of technical and financial annexes that are delivered together 

with this Final Report, respectively. 
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3. Introduction  

3.1 Background, problem and objectives 

The environmental problem targeted by the INTEGREEN project is related to the impact 

that vehicular traffic has on matrix ñairò within an alpine urban environment. The challenge to 

be addressed is twofold: on one side there is an increasing need to continuously monitor and 

keep under control the correlation between environment and traffic, and on the other side 

there is an increasing demand for mobility by citizens and foreign travellers in general. In 

order to respond efficiently to these opposite requirements, which tend to become more and 

more urgent in light of the current urbanization processes, the European Commission as well 

as the Italian Ministry for the Environment, Land and Sea have clearly indicated to adopt at 

local level a more integrated approach to urban management policies. The hypothesis at the 

base of the project is to empirically verify that through an integrated use of ITS, mixed with 

a set of specific awareness-raising activities, it is possible to demonstrate that greenhouse gas 

emissions, as well as air pollution levels can be reduced without hardly limiting the mobility 

of people and goods. More specifically, the idea is to demonstrate the non-negligible positive 

effect that certain ñsoft measuresò, like for example the change in traffic lights cycles, can 

have on the urban environment, in particular if combined with ñrewarding schemesò aiming at 

incentivising sustainable mobility habits. At the base of these ñeco-friendlyò traffic policies, 

there is the need to have a validated monitoring system capable to give, on a real-time basis, a 

quantitative overview of both traffic and environmental conditions. The proposed solutions, 

which is rather new at the state-of-art, is to combine fixed and mobile measurement stations 

capable to collect data on both the domains of interest, in order to put the premises for very 

detailed correlation analysis between the emitting source (traffic) and the surrounding 

environment. On the base of this information base, aided at central level though proper 

numerical models and data elaboration chains, traffic operators will be in the conditions to 

have a more comprehensive overview of the overall traffic situation (including its 

environmental impact), and to have the quantitative basis for applying on a dynamic basis 

specific traffic control / management policies, with the perspective to significantly reduce the 

time to reaction to a specific event and more ambitiously to transform reactive actions in 

proactive ones. In this future scenario, a crucial role is going to be played by the availability 

of advanced RTTI services to local travellers, who will be then in the conditions to make 

more efficient travel choices (not only in space but also in time and in the transport mode 

domain), both in the pre-trip phase and also while en-route. The final objective of the project 

is to demonstrate that in an environment like the one of the city of Bolzano, this kind of 

integrated and advanced approach could determine a reduction of CO2 emissions in the order 

of 15-30%, depending on the level of ñmergingò effect that different ñenvironmentalò traffic 

policies and other awareness-raising activities have had. 

3.2 Expected longer terms results 

INTEGREEN could provide valuable inputs to the implementation, updating and 

development of European Union environmental policy and legislation, both in terms of novel 

technological solutions as well as in terms of integrated approaches for the joint 

management of traffic and air pollution in an urban area. On a local perspective, the 

expected result on the long term period is to demonstrate not only that INTEGREEN is 

technically valid, but also that is economically sustainable and in the conditions to be easily 

exploited in other areas. 
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4. Technical part  

4.1. Technical actions 

This part of the Final Report presents in details the technical progress, per task, of the on-

going project actions which are not covered in other part of this document, namely Action n.2 

(Requirements), Action n.3 (system design), Action n.4 (system implementation & 

integration), Action n.5 (test & validation) and Action n.8 (monitoring); the progress of 

Action n.6 (awareness-raising campaign) and Action n.7 (networking & trans-nationality) is 

presented in the following paragraph. The methodology followed by INTEGREEN for its 

technological implementation is the V-model engineering process, which is a quite common 

approach for similar ITS-oriented initiatives (Figure 2). 

 

Figure 2: The V-model process followed in the technological level of the INTEGREEN project. 

4.1.1 Action 2: Requirements 

Expected outputs: The expected outputs of Action n.2 are a couple of reports, which have to 

clearly detail the set of functional and non-functional high-level requirements of the 

Supervisor Centre and the mobile system of the INTEGREEN architecture. 

Achieved outputs: two detailed requirementsô analysis, covering the first part of the V-model 

process presented above, were completed and documented. More specifically, the 

achievements obtained in each actionôs task have been the following.  

Task 2.1 ñSupervisor Centre componentsò: this task has been mainly managed by CBZ and 

TIS and covered the following activities: 

 deep analysis of the mobility, traffic and air pollution in the city of Bolzano; 

 extensive investigation of the monitoring systems that are already in use for 

controlling traffic and air pollution conditions in the city; 

 complete baseline assessment study, used during the testing activities of Action n.5 

as a reference for the quantification of the environmental improvements determined 

through INTEGREEN; 

 identification of the reference users and stakeholders of the INTEGREEN system, 

and their reference needs to be addressed; 
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 consolidation of the set of pre-trip and en-route inefficiencies that have a negative 

environmental impact in the targeted urban scenario; 

 definition of a set of reference use cases that could reduce the impact of the targeted 

inefficiencies; 

 specification of the reference high-level architecture of the INTEGREEN system, 

by also taking into account the studies and the indications available in the ITS state-of-

art (Figure 3); 

 identification of the reference functional and non-functional requirements for each 

of the system components of the Supervisor Centre. 

 

Figure 3: The specification of the high-level architecture of the INTEGREEN system. 

Most relevant results can be summarized as follows: 

 these studies have confirmed the presence of relevant optimization margins with 

respect to the local environmental baseline conditions, and the significant role that 

INTEGREEN can have for reducing the environmental impact produced by mobility 

and traffic inefficiencies in the city. The INTEGREEN system has been conceived as a 

real-time aid for traffic operators  to introduce advanced dynamic mobility 
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measures, which can efficiently complement the road infrastructure improvement  

actions defined in the Urban Mobility Plan 2020; 

 as far as the air pollution level are concerned, the historical measurements taken by 

the official air quality monitoring stations have offered a clear evidence of the 

necessity to properly manage in first place the high levels of NOx concentrations. The 

environmental concern related to PM levels has strongly reduced in the last years, but 

this will need to be further reconsidered when the new regulations related to PM2.5 will 

enter into force; 

 the baseline assessment analysis has mainly focused on the quantification of the real, 

microscopic environmental impact associated to typical urban trips , expressed in 

terms of produced emissions. Preliminary field measurement campaigns allowed to 

empirically confirm that all evaluated microscopic factors (i.e. traffic conditions, route 

peculiarities, driving styles, navigation factor) play an important role in the amount of 

CO2 emissions produced by motorized vehicles; 

 these campaigns also clearly evidenced the strong temporal variability of traffic 

conditions within the city. This was an important indication for the project 

implementation, since this result suggested as possible efficiency measure to foster 

more on temporal navigation strategies (i.e. recommending travellers to start their 

travels at a specific time) instead of classical spatial navigation strategies (i.e. 

recommending travellers the best route in the current situation). 

Task 2.2 ñMobile systemò: this task has been mainly managed by AIT  in cooperation with 

TIS and CBZ, and covered the following activities: 

 deep analysis of the state-of-art in traffic and environmental monitoring techniques 

on board of mobile probes; 

 comprehensive evaluation of all existing vehicular fleets driving continuously in the 

urban area of Bolzano; 

 specification of the reference high-level architecture of the INTEGREEN mobile 

system, including all the different functions that this unit must be able to perform 

(Figure 4); 

 identification of the reference functional and non-functional requirements for each 

of the system components of the mobile system. 

Most relevant results can be summarized as follows: 

 this initial state-of-art investigation has confirmed on one side the increasing 

maturity of mobile monitoring technologies, in particular in the environmental 

domain, and on the other side the increasing interest in their application for real-time 

environmental traffic management purposes. This result has confirmed the novelty 

of the approach proposed in INTEGREEN, and the concrete opportunity to widely 

share and replicate this approach within other similar European areas;  

 the analysis of telematics systems deployed in existing fleets circulating in Bolzano 

has confirmed that no significant technological limitations can jeopardize the future 

possibility to use these vehicles as mobile probes. A further opportunity was also 

identified in the car sharing service, that at the time of the analysis was still in the 

planning phase. 
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Figure 4: The specification of the high-level architecture of the INTEGREEN mobile system. 

Indicators of progress: milestone M.2.1 (system requirements) has been achieved. A more 

detailed overview of the progress achieved by Action n.2 is given in Table 2. 

Indicators Comments Reference 

report  

Baseline data for starting environmental 

situation assessment 

Completed through specific 

measurements analysis on the 

field. 

D.2.1.1 

Supervisors centre 

functional 

requirements ready 

 Data management 

unit 

 Environmental 

stations front-end 

 Vehicle-to-centre 

front-end 

 Web interfaces 

Completed based on the V-model 

requirements analysis process. 

D.2.1.1 

 

 

 

Mobile systems 

functional 

requirements ready  

 On-board telematics 

unit 

 On-board traffic 

monitoring unit 

 On-board 

environmental 

monitoring unit 

Completed based on indications 

coming from the early design 

activities (reverse engineering 

approach). 

D.2.2.1 

 

Table 2: Evaluation of indicators of progress for Action n.2. 

Problems: no particular issue has been encountered during the execution of these activities, 

which have been supported and in some way extended thanks to the active cooperation not 

only of all project beneficiaries, but also of local stakeholders as well. 
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Comparison with the time schedule: the activities of this Action have been extended in light 

of the partner change issue that occurred at the project start. Instead of finishing at M6 

(February 2012), the Action was fully completed only in M17 (January 2013). This new time 

schedule was shared with the EC in the Inception Report. However, thanks to the new 

competences brought in the project, i.e. two departments of AIT focusing respectively on the 

requirements analysis (Mobility Department) and on the design / implementation of the 

mobile system (Safety & Security Department), it has been possible to more intensively 

consider in the requirements analysis the indications coming from the activities of Action n.3 

(design), through a ñreverse engineeringò approach. This has been possible through a 

parallel fulfilment of Task 2.2. and Task 3.2 by the two aforementioned departments, which 

also supported TIS and CBZ in following a similar approach for the requirements and design 

activities related to the Supervisor Centre (Task 3.1). At the same time, it is worth to be 

mentioned how the temporal extension of this activity has made possible to better include all 

inputs and feedback received by users and stakeholders which have been involved in the 

initial dissemination and awareness-raising campaign activities. The outputs of Action n.2 

have therefore reached a level of detail and initial investigation which is significantly more 

accurate than originally foreseen, and has allowed to speed up the following design and 

implementation actions.  

Objectives achievability: the achievability of the objectives of this Action have been 

confirmed. 

Outputs: the Action has produced deliverables D.2.1.1. ñSupervisor Centre components 

requirementsò and D.2.2.1 ñMobile system requirementsò which were annexed to the 

Inception Report. 

Perspectives for continuing the action after the end of the project: this Action has 

managed to offer a comprehensive overview of the current mobility and air pollution 

challenges in the city of Bolzano. All future project initiatives which will build upon 

INTEGREEN can use the outputs of this Action (available in complete form on the project 

web site) as a starting point. Preliminary investigations could be considered as a simple 

review or extension of these studies in light of the changed local conditions and deployments 

as well as the technological enhancements.  

4.1.2 Action 3: System design 

Expected outputs: The expected outputs of Action n.3 are four deliverables, which have to 

clearly present the whole set of specifications and design choices of the different components 

of the Supervisor Centre and the mobile system of the INTEGREEN system. 

Achieved outputs: four detailed design actions, covering the specification part of the V-

model process presented above, have been completed and documented. These actions include 

the administrative work needed for the selection of the technical sub-contractors and the 

purchase of the durable goods as foreseen in the project proposals. The major achievements 

obtained in each actionôs task have been the following.  

Task 3.1 ñSupervisor Centre designò. This task has been mainly managed by CBZ and TIS 

and produced the following outputs. 

 High-level design of the INTEGREEN system through the European Intelligent 

Transport System (ITS) Framework Architecture, better known as FRAME . The 

choice of FRAME for generating a reference framework for the city of Bolzano has 

determined remarkable added values for the project, in particular: 
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o the speed-up in the future process of designing the extension of the functional 

capabilities of the INTEGREEN system; 

o the determination of a reference ñstandardizedò architecture of the 

INTEGREEN system that other public administrations could refer to in order 

to replicate this pilot experience in other similar urban environments.  

The outputs produced by the FRAME tool, which are attached to deliverable D.3.1.1, 

are freely available for download together with the architecture itself on the project 

website. A graphical representation of the high-level INTEGREEN architecture 

mapped in FRAME is given in Figure 5. 

 Definition  of the implementation choices of the Environmental Supervisor Centre 
as a whole, in particular as far as the integration with the actual Traffic Control Centre 

of Bolzano. Different integration scenarios have been evaluated and compared, even in 

strict cooperation with the private company managing the hardware and software 

components at the centre (Famas System S.p.A.), involved in the project through an 

external assistance service. The final decision has been to choice a ñdistributedò 

integration scenario, with the Supervisor Centre to be physically implemented in the 

IT infrastructure of TIS and logically integrated with the Traffic Control Centre 

through a protected and dedicated communication channel. Several web-services have 

been specified in order to ensure a real-time exchange of data between the Supervisor 

Centre and the Traffic Control Centre. 

 Definition of the static traffic and air quality detection capabilities of the 

Supervisor Centre. Based on the results of the requirementsô analysis of Action n.2, 

the basic set of static monitoring stations has been selected, which include: 

o existing traffic stations re-arranged for the projectôs needs; 

o existing traffic stations already properly configured; 

o new traffic stations purchased thanks to the project, combined with air quality 

monitoring equipment; 

o the official air quality stations owned by the Local Agency for the 

Environment of the Autonomous Province of Bolzano; 

o the official meteorological station owned by the Hydrographic Office of the 

Autonomous Province of Bolzano. 

The position of monitoring stations has been defined according to a reference test 

area in which to concentrate all project demonstrations. This area includes the most 

important (and congested) urban roads of the city, residential districts and the 

industrial area, and virtually surrounds the A22 toll highway as well. A complete 

geographical overview presenting the location of all traffic and air quality static 

monitoring systems is given in Figure 6 and Figure 7.  

The design work covering the static monitoring components of the INTEGREEN 

system has moreover included: 

o the specification of the interface with each existing station. Two cases have 

been distinguished: 

Á the re-arrangement of systems already controlled by the 

Municipality of Bolzano. In this case, specific works of improvements 



 

Figure 5: The high-level representation of INTEGREEN within the FRAME architecture. 
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Figure 6: The map of the location of the static traffic detection points: existing traffic stations to be re-arranged 

(green),  existing traffic stations (pink), new combined traffic and air quality stations (red). 

 

Figure 7: The map of the 3
rd

 parties environmental stations to be integrated in the INTEGREEN system: 

meteorological and air pollution monitoring stations. 


































































































