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ABSTRACT 

The 2007 crisis had a negative lasting effect in the Lombardy’s construction industry, driving first tier 
suppliers to look up north to Canton Ticino, located in the Swizz Alp. In Switzerland, the crisis did not have 
the same effect as in Italy, in fact since 2010 the construction industry registered a steady growth. The 
Swizz Alps are key for cross-border for international freight movement between Italy and Switzerland, 
especially for Aggregates and Construction and Demolition Waste (A&C&DW). The Canton of Ticino’s 
geomorphological characteristics of narrow roads and short distances between aggregate production in 
Italy, construction sites in Switzerland, and environmental recovery or recycling sites in Italy where the 
C&DW is deposited, constrain logisticians and transportation managers in both sides of the border to 
choose exclusively road transportation to fulfil their operational needs. This paper shows that cross-
border A&C&DW trade, transport, customs-clearance, and their associated emissions contribute to 
externality costs worth 13% of the total A&C&DW direct value. It also evaluates a cross-border intermodal 
strategy to reduce the emissions and transport externalities.  
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Introduction 

In Europe, the Industrial Symbiosis (IS) concept gained substantial traction after the European 
Commission set sustainable development as a goal for the European Union [1]. The reason for 
this is the worldwide perception of IS as a core strategy for the promotion of the circular 
economy (CE), a key element of the sustainable development goals [2]. ‘IS’ means that an 
organization’s waste can be the input for production or ancillary services for another 
organization. In this sense, IS may turn negative environmental externalities into positive 
environmental externalities [3]. In addition, this addresses negative transport externalities. 

However, one of the limit to the IS has been highlighted in Marcinkowski [4] consists on the 
trade-offs between the benefits of covering longer areas to gain diversity in the materials 
exchange among IS participants, and the negative externalities associated with the longer 
transportation distance, for instance in terms of road ware, maintenance, emissions, diesel 
consumption, etc.  

The Italian and Swizz regions of Lombardy and Canton Ticino, respectively, have a symbiotic 
exchange of materials in the sense of Switzerland receives virgin aggregates from Italy, as a 
result of their insufficient extraction capacity for their construction industry, and Italy 
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receives construction and demolition waste necessary for environmentally recover of 
quarries.  

The material exchange is exclusively transported by road, with a series of externalities 
associated. Thus, this paper presents an examination of alternative transportation 
management strategies to extend the rage of material exchange to reduce environmental 
externalities and transport externalities at the same time. 

Methods 

This is paper belongs to an exploratory research which analyses the phenomenon in operational 
and managerial dimensions, just as complex social environments in case studies [5]. The 
research required data and information gathering from actors in the aggregates and 
construction and demolition waste supply network. The research process follows recommended 
practices for supply chain and operations management studies, case selection, data collection, 
data analysis, and validation [6]. This is an exemplary case study investigation, where the main 
guidelines and experience were acquired from the Lombardy and Canton Ticino’s operational 
data and information may be informative to all other regions with similar materials flows. The 
instrument for data gathering consisted in all cases in in-depth face to face interviews with 
concept-indicator links to guide the interviews as suggested in [7]. 

In addition, primary data was also obtained from public authorities at four governmental levels, 
i.e. communal, provincial, regional and national. Moreover, secondary data from public sources 
about operational information regarding the specific industry activities reinforced the analytical 
process, as a way to triangulate information to converge towards a validation of the research 
findings, as strategies in [8]. 

Cross-border materials flow. According of material exchange within the region was 1.8 million 
tons in 2018. This corresponds to a flow of virgin aggregates from Italy to Switzerland was 1.2 
million tons, whilst the flow of C&DW from Switzerland to Italy reached 576 thousand tons (see 
Table 1). This shows a balanced growth in volume of exchange of aggregates to Cantone Ticino 
and C&DW to Lombardy. 

Road transport emissions and externality costs. The current cross-border management of 
materials flows is a rather simple process (see Figure 1), yet the implications in terms of 
emissions and externalities of the exclusive use of road transportation is unveiled in this study. 
There were 36 active transportation companies in the year 2018 registered with a total 317 
trucks; of which 14% are rigid trucks and 86% semi-trailers. The average load for these 
transportation means is 25 tons per truck, depending on the type of C&DW [9,10].  

The estimated transportation emissions associated to this cross-border management of 
A&C&DW, the estimates are as high as 8,042 tons of CO2e; 7,919 tons of CO2; 1.41 tons of CH4; 
122 tons of N2O, and 3,191 tons of diesel equivalent. 
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Figure 1. Cross-border management of virgin aggregates and C&DW  
between Canton Ticino (CH) and Lombardy (IT) 

Source: Own elaboration 

Scenarios for cross-border intermodal transportation management of A&C&DW. It was found 
that the mean distance of material exchange within of the IS Canton Ticino-Lombardy region is 
50 km, with a maximum of 70 km. Beyond this distance, the transportation become unfeasible, 
both in terms of costs and operationally. For instance, the cost of transportation would be much 
higher than the cost of the material itself. Also, operationally, the transportation services are 
usually hired per day, and the transport provider is expected to perform at least 3 or four trips 
per day in order to meet demand of the construction industry and the narrow streets through 
where trucks need to circulate in Canton Ticino. Extending the transportation range reduces the 
likelihood of performing 3 or 4 round trips in a single day. This would lead transport service to 
use larger trucks and transport more volume per truck, however the geomorphological 
characteristics do not permit.  

Alternative transportation strategies to address the cross-border intermodal management of 
materials exchange, include the balancing of trade of transportation, that is, trucks travelling full 
to Switzerland with Aggregates come back filled up with C&DW to Italy. That is full balanced 
transportation. Another alternative is the intermodal transportation management of materials 
exchange, where aggregates are transported in short distances to an intermodal platform in 
Italy, and C&DW are transported in short distances to an intermodal platform in Switzerland. 
The emission generated under different scenarios all based on 50 km distance are shown in 
Table 1. 

In Table 1, Scenario 1 (S1), describes the equivalent emissions for transporting by road from Italy 
to Switzerland 1.2 million tons of virgin aggregates, and for transporting by road from 
Switzerland to Italy 576 thousand tons of C&DW. These are full load trucks on 25 tons and empty 
return trips.  
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Table 1. Scenarios for cross-border intermodal transportation management of A&C&DW,  
2018 based scenarios 

Scena
rios 

Scenario's trips codes*    ton 
CO2e 

ton 
CO2 

ton 
CH4 

ton 
N2O 

Diesel 
equivalent 

S1 XAR XER IWR IER    8,042  7,919  1.41  122  3,191    

S2 XAT XET IWT IET    3,220  3,187  2.90  30  1,284    

S3 XAR 
 

IWR IER  
 

6,484  6,394  1.11  89  2,576    

S4 XAT   IWT IET    3,142  3,110  2.83  29  1,253    

 Source: Own elaboration 
*X (Export from Italy to Switzerland); I (Import from Switzerland to Italy); A(Aggregates); W (Waste); E 
(Empty truck); R (Road); and T (Train)  

Scenario 2 (S2), describes the equivalent emissions for transporting by road from Italy to 
Switzerland 1.2 million tons of virgin aggregates, and for transporting by road from Switzerland 
to Italy 576 thousand tons of C&DW. In this case, the trucks arriving to Switzerland are loaded 
with C&DW and transported back to Italy. The rest of the trucks of return empty to Italy. Scenario 
3 (S3), describes the equivalent emissions for transporting by train from Italy to Switzerland 1.2 
million tons of virgin aggregates, and for transporting by train from Switzerland to Italy 576 
thousand tons of C&DW. These are also full loads and empty return trips. Scenario 4 (S4), 
describes the equivalent emissions for transporting by train from Italy to Switzerland 1.2 million 
tons of virgin aggregates, and for transporting by train from Switzerland to Italy 576 thousand 
tons of C&DW. In this case, the trains arriving to Switzerland are loaded with C&DW and 
transported back to Italy. The rest of the trains return empty to Italy (See Table 1). 

Results and discussion 

The scenarios clearly show several potential strategies to address the limitations posed by the 
cross-border road transportation of A&C&DW. One possibility for cross-border management 
strategy is that of coordinating the logistics operations for balancing trade with re-utilization of 
trucks for both, import and export, this could potentially reduce CO2e emissions by about 18%. 
Another potential strategy would be that of cross-border transportation by train, which may 
potentially reduce emissions by around 60% with respect to the S1 scenario. It is expected that 
S3 scenarios may also be applicable to other cross-border regions exchanging materials in IS 
fashion, provided the rail infrastructure is available and intermodal platforms for the 
management of aggregates and C&DW are available. Given the financial cost of the transport 
externalities are 13& of the total value of the industry, intermodal scenarios may allow to reduce 
the equivalence of transport externalities from 13% to 8%. 

The limitations of the work is the estimations of emissions and externalities from intermodal 
platform to intermodal platform, whilst future steps will include the estimations of the first and 
last mile distribution/transportation, i.e. from quarries to intermodal platforms in Italy, and from 
C&DW sites production to intermodal platforms in Switzerland. 

In sum, an IS strategy that considers the use of trains transportation other than allowing the 
reduction of transport externalities, it allows to increase the IS catchment area for the exchange 
of material. 
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