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Abstract 

PlastiCircle aims to develop and implement a holistic process to increase recycling 

rates of packaging waste in Europe. This will allow to reprocess plastic waste in the 

same value chain (i.e. Circular economy; closure of plastic loop). This process is 

based on four axes: collection (to increase quantity of packaging collected), 

transport (to reduce costs and fuel use of recovered plastic), sorting (to increase 

quality of recovered plastic), and valorisation in value-added products (i.e. foam 

boards, automotive parts like engine covers/bumpers/dashboards, bituminous 

roofing membranes, garbage bags, asphalt sheets/roofing felts and urban furniture 

like fences/benches/protection walls). 

This deliverable presents the results from the economic assessment for the waste 

management systems evaluation of the city pilots and converter industries. 

PlastiCircle technologies allowed higher collection of plastic packaging and better 

input quality which might result in an increased market demand achieving the 

European recycling objectives. In the case of Valencia, PlastiCircle's technologies 

allowed lower management costs, higher remuneration to the Municipality and 

higher revenues from the sales of granules outweighing the increased recycling 

costs. However, for Alba Iulia, the implementation of PlastiCircle's would rise the 

plastic packaging collection and recycling costs which is only barely compensated 

by the increase of the sales of recycled plastics. Thus, the benefits from the 

implementation of PlastiCircles technologies seem to provide less gains to Alba Iulia 

than Valencia. The evaluation of the industrial case studies indicates that the 

profitability of the production of industrial products using recycled post-consumer 

plastics is dependent of the market prices and the stability of the supply.  
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Publishable summary 
PlastiCircle aims to develop and implement a holistic process to increase recycling 

rates of packaging waste in Europe. This will allow to reprocess plastic waste in the 

same value chain (i.e. Circular economy; closure of plastic loop). This process is 

based on four axes: collection (to increase quantity of packaging collected), 

transport (to reduce costs and fuel use of recovered plastic), sorting (to increase 

quality of recovered plastic), and valorisation in value-added products (i.e. foam 

boards, automotive parts like engine covers/bumpers/dashboards, bituminous 

roofing membranes, garbage bags, asphalt sheets/roofing felts and urban furniture 

like fences/benches/protection walls). 

This deliverable presents the results from the economic assessment for the waste 

management systems evaluation of the city pilots and converter industries.  

PlastiCircle technologies allowed higher collection of plastic packaging and better 

input quality which might result in an increased market demand achieving the 

European recycling objectives. In the case of Valencia, PlastiCircle's technologies 

allowed lower management costs, higher remuneration to the Municipality and 

higher revenues from the sales of granules outweighing the increased recycling 

costs. However, for Alba Iulia, the implementation of PlastiCircle's would rise the 

plastic packaging collection and recycling costs which is only barely compensated 

by the increase of the sales of recycled plastics. Thus, the benefits from the 

implementation of PlastiCircle’s technologies seem to provide less gains to Alba 

Iulia than Valencia.  

The evaluation of the industrial case studies indicates that the profitability of the 

production of industrial products using recycled post-consumer plastics is 

dependent of the market prices and the stability of the supply. 

 

1. Introduction 
Plastic production has reached extensive volumes with 370 million and 58 million 

tonnes reported worldwide and for Europe, respectively1. In Europe, the largest 

consumer is the packaging sector with a share of 40% of the total plastic produced 

followed by automotive and building and construction sectors with 20% and 10%, 

respectively1.  

Plastic has received considerable attention lately due to several challenges 

namely due to the environmental pollution and the low recycling levels. With 

respect to waste management, recycling is recognised as a sustainable strategy, 

however still underperforming. According to recent studies, in Europe only 42% of 

post-consumer plastic packaging waste was collected for recycling, while 39.5% 

incinerated for energy recovery and the remaining was landfilled1.  

 
 
 
 
1 PlasticsEurope (2020) Plastics – the Facts 2020. An analysis of European plastics production, demand and waste data. 

Available at: https://www.plasticseurope.org/application/files/8016/1125/2189/AF_Plastics_the_facts-WEB-2020-

ING_FINAL.pdf 

https://www.plasticseurope.org/application/files/8016/1125/2189/AF_Plastics_the_facts-WEB-2020-ING_FINAL.pdf
https://www.plasticseurope.org/application/files/8016/1125/2189/AF_Plastics_the_facts-WEB-2020-ING_FINAL.pdf
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Consequently, the European Union (EU) is promoting recycling23 and has released 

in 2018 a new strategy recommending measures on recyclable and recycled 

plastics that industrial stakeholders should implement to reach targets4 (EC, 2018a). 

Indeed, the EU has set ambitious recycling target for plastic packaging with are 

50% by 2025 and 55% by 20305.  

However, plastic waste recycling is still limited due to several reasons namely the 

variety of polymers (PET, HDPE and LDPE, PVC, PP, PS, polymer blends and multi-

plastic products) with differences in physical and chemical properties and the 

impurities (foreign materials, non-targeted plastic, organic and chemical 

impurities) that require extensive and costly separation and cleaning6. These 

challenges represent technical and economic barriers which are often also 

accompanied with market factors (e.g. stable demand, lower virgin plastic prices, 

and a complex value chain). Moreover, regarding the post-consumer plastic 

packaging waste, the quality of the recovered materials depends the citizens' 

behaviour and environmental awareness as well as on the available segregation 

system.  

Thus, significant improvements are required to reach the ambitious targets on 

recycling of plastic packaging. New solutions need to be developed to cope with 

the technical, economic and social challenges aforementioned. Above all, to 

reach the targets, it is crucial that a better collaboration between actors involved 

in plastic value chain takes place. 

The concept of Extended producer responsibility (EPR) has been implemented 

globally to minimise the municipal waste stream by reducing or ending the 

traditional local-government subsidy, while transferring substantial or complete 

financial responsibility to private sector enterprises for managing their products also 

at the post-consumer phase7. Thus, EPR often includes an environmental fee paid 

by producers and importers to support the waste management of their products. 

The fee is collected by a producer responsibility organization (PRO) who is 

responsible for meeting the recovery and recycling obligations of the individual 

producers”. However, the distribution of costs and responsibilities between the 

involved stakeholders8 remain challenging.  

 
 
 
 
2 European Environment Agency (EEA) (2016) More From Less – Material Efficiency in Europe. 2015 Overview of Policies, 

Instruments and Targets in 32 Countries. Report No. 10/2016 Available at: 

https://www.eea.europa.eu/publications/more-from-less 

3 European Parliamentary Research Service (EPRS) (2016) Closing the Loop – New Circular Economy Package. Briefing 

Available at: http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf 

4 EC (European Commission) (2018a) Communication From the Commission to the European Parliament, the Council, 

the European Economic and Social Committee and the Committee of the Regions – a European Strategy for Plastics 

in a Circular Economy. Commission Staff Working Document. Brussels (2018), p. 125. 

5 EC (European Commission) (2018b) Directive (EU) 2018/852 of the European Parliament and of the Council of 30 May 

2018 amending Directive 94/62/EC on packaging and packaging waste Off. J. Eur. Union L 150/141 (2018), pp. 141-

154. 

6 Edjabou M.E., Jensen M.B., Götze R., Pivnenko K., Petersen C., Scheutz C., Astrup T.F. (2015) Municipal solid waste 

composition: sampling methodology, statistical analyses, and case study evaluation Waste Manage. (Oxford), 36, pp. 

12-23. 

7 OECD, 2018. Extended producer responsibility [WWW Document]. URL http://www. 

oecd.org/env/tools-evaluation/extendedproducerresponsibility.htm(accessed 4. 

29.18). 

8 Monier, V., Hestin, M., Cavé, J., Laureysens, I., Watkins, E., Reisinger, H., Porsch, L., 2014. Development of guidance on 

Extended Producer Responsibility (EPR). BIO Intelligence Service; in Collaboration with Arcadis, Ecologic. Institute for 

European Environmental Policy (IEEP), Umweltbundesamt (UBA) prepared for the European Commission – DG 

Environment. 



 
 

 

8 
 

In terms of economy, several studies investigated the economic performance of 

the plastic waste management focusing on a specific step namely the 

collection910, or evaluating the overall plastic waste system11. Furthermore, the 

plastic recycling is often not economic viable due to several factors12: 

• Unstable market demands as concerns about material quality and supply 

exist. 

• Competition with virgin alternatives. 

• The value chains within the recycling system are complex and involves a 

variety of stakeholders. 

 

In order to pave the way to higher circularity of households' plastic packaging 

waste, the European Union's Horizon 2020 research and innovation program has 

funded the project PlastiCircle (2017-2021). PlastiCircle has spawned innovations in 

waste collection, transport, sorting and recycling, in order to transform plastic 

packaging waste into valuable products. The objectives were to improve the 

households packaging waste management with more efficient collection and 

treatment resulting in increased recycling rate, better recovery, higher quality, and 

lower price of secondary raw materials. In turn this would result in higher valorisation 

of secondary materials. Figure 2 (below) displays a schematic representation of the 

PlastiCircle approach and main interaction between WPs on the project and its 

corresponding steps on the plastic packaging value chain. 

 

Consequently, in order to evaluate the economic impact of PlastiCircle a 

consistent approach based on multi-stakeholder recycling systems assessment has 

been performed. This report presents the results for the city pilots and the overall 

Europe, and secondly the different industries case studies.  

 

 

 
 
 
 
9 Cimpan C., Maul A., Wenzel H., Pretz T., (2016). "Techno-economic assessment of central sorting at material recovery 

facilities – the case of lightweight packaging waste." Journal of Cleaner Production 112: 4387-4397. 

10 Giulio Greco, Marco Allegrini, Claudio Del Lungo, Paolo Gori Savellini, Lorenzo Gabellini (2015). "Drivers of solid waste 

collection costs. Empirical evidence from Italy." Journal of Cleaner Production 106: 364-371. 

11 Faraca G, Astrup T. Plastic waste from recycling centres: Characterisation and evaluation of plastic recyclability. 

Waste Manag. 2019 Jul 15;95:388-398. doi: 10.1016/j.wasman.2019.06.038. 
12 Andreasi Bassi, S., et al. (2020). "Extended producer responsibility: How to unlock the environmental and economic 

potential of plastic packaging waste?" Resources, Conservation and Recycling 162: 105030. 
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Figure 1 Flow waste diagram through PlastiCircle WPs. 
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2. City pilots 
 

2.1 Description of PlastiCircle's 

technologies 
 

This section gives a brief description and overview of the different technologies 

developed within PlastiCircle. For detailed information consult deliverables from 

technical WPs (WPs 2 to 6). 

 

Collection devices 
The collection concept developed within PlastiCircle is illustrated in Figure 2. The smart 

container was designed and developed to include user identification capabilities, 

label expending functionalities, anti-fraud measures, garbage level detection, and 

state-of-the-art communications technologies. User identification and label 

expending functionalities were adopted in order to implement compensation policies 

based on a characterization protocol of unitary garbage bags. The smart container 

device contains a communication module with an antenna in order to send the data 

with the association user ID-label code to the IoT platform. 

 

 

 

Figure 2. Collection concept developed within PlastiCircle 
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Transport route optimisation 
The truck traceability system aims to reduce the economic and environmental costs, 

in terms of fuel consumptions and GHG emissions, as well as to improve the 

productivity and to have a complete control over the fleet. An Android application 

was developed to manage the data from the GPS and the Onboard Diagnostics II 

(OBDII) which is a diagnostic system that is included in every vehicle. The data is sent 

by the application to the remote server via 3G. The truck traceability system allows to 

monitor the speed, excessive idling, unnecessary accelerations, and braking. The truck 

traceability system allows to monitor the engine load from the OBD II protocol. This is 

useful for the optimization of the engine performance during a mechanical process as 

the use of the power take off. Vehicle tracking can alert the driver with an alarm when 

a parameter exceeds the correct driving behaviour. Furthermore, thanks to the IoT 

platform and the filling sensors, the routes are optimized based on the filling level of 

the containers, skipping those containers which are not full the collection day. 

 

Improved Sorting 
The PLASTICIRCLE solution corresponds to two main conceptual components: (i) a 

machine-vision sorter of plastic packaging issued from municipal solid waste, (ii) a pre-

treatment process technology to be applied in plastic sorting facilities, including 

mechanical separation of materials and optical sorting at the end of the process line. 

 

2.2 Plastic packaging waste management 

in the pilot cities 
 

Pilot in Valencia 
 

In Spain, local entities have the responsibility of providing their citizens with 

municipal waste management. Regarding waste collection, Valencia city is 

collecting 8 different kind of domestic waste streams: 

- Paper & cardboard 

- Light packaging: plastic, cans and beverage carton 

- Glass 

- Used oil 

- WEEE 

- Bulky products 

- Other waste 

- Organic 
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The frequency of collection in Valencia varies depending on the waste stream. It is 

stablished an everyday collection for organic and rest fraction and a 3 days per 

week frequency for packaging waste streams (paper, light packaging and glass).  

Waste management is legislated by the Municipal Ordinance called ‘Ordenanza 

Municipal de Limpieza Urbana de Valencia’. After collection, garbage and 

organic waste is transported to a treatment plant in Manises, in exception to the 

packaging waste fraction. 

Ecoembes as producer responsibility organisation (PRO) and each local entity in 

Spain are therefore required to sign a cooperation agreement that details the 

packaging waste management services that should be financially covered by the 

producers. 

 

Collection 

Light packaging waste stream in the pilot area, located in ‘San Marcelino’ district, 

is collected by Sociedad de Agricultores de la Vega (SAV). Figure 3 shows the 

positions of smart containers in San Marcelino.  

 

 

Figure 3. View of the San Marcelino neighbourhood showing the locations on the packaging waste 

containers 

Trucks started and finished the journeys in the SAV plant showed in Figure 4. The 

plastic packaging waste collection was performed three times per week. During 

the pilot study only one single truck was used to collect the pilot containers and 

containers of the neighbourhood. The final point of the route was the sorting plant 

VAERSA (Picassent).  

The collection required only one person assuring the driving of the vehicle and the 

collection process without having to get off the truck. The visualization of all the 

operations was done through the different cameras (6-8), placed in strategic 

places of the vehicle. A control panel allowed to observe and align the equipment 

with the container, and to control the process of loading, emptying and unloading. 

Within the pilot study, the collection route has been optimized using the PlastCircle 

route optimizer software in order to minimize time and cost. Figure 4 displays the 

optimized route. 

 



 
 

 

13 
 

 
Figure 4. Image of the route without optimization. 

 

Sorting 

Unfortunately, the access to the system configuration of the sorting plant VAERSA 

(Picassent) was refused. The sorting plant or Material recovery facility (MRF) has a 

relatively low capacity (25,000 tonnes/year) and is believed to have a comprehensive 

conditioning (several sieving steps, air classification and ballistic separation), both 

automatic and manual sorting, mostly manual product quality control; For the 

assessment, the sorting step has been evaluated based on models and literature data.  

 

Recycling 

The recycling plants are the stakeholders that buy the bales and produce either flakes 

or granules. A typical processing sequence includes debaling, grinding, washing, 

drying, extruding and pelletizing. For the assessment, the recycling step has been 

evaluated based on models and literature data. 

 

Disposal 

Landfill was considered as the only disposal of the residues from the sorting and 

recycling stages. 

 

Alba Iulia 
Located in Central-Western Romania, Alba Iulia covers 103.6 sq. km. According to 

the 2011 census, the city had a population of 64,000 inhabitants, with a density of 

566 inhabitants/sq. km. The majority of the population (31,921 inhabitants 

equivalent to 68.7% of the population) live in apartment blocks managed by 

associations, the remainder (14,548 inhabitants equivalent to 31.3%) in individual 

homes. An average of 18,800 tonnes/year are collected from the population (of 

which 6,700 tonnes/year from households) and 10,600 tonnes/year from 

companies/ institutions. 
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The Arnsberg-Goldis (delimited by Bd. Revoluţiei – str. Cloşca – Bd. Încoronării – str. 

Vasile Goldis) was ultimately selected as location due to its fit with project 

requirements – centrally located and well integrated socially, it mainly comprises 

apartment blocks (137 blocks with 40 associations), hosts over 4000 families and 18 

existing containers locations.  

 

 

Figure 5 Location of pilot district Arnsberg-Goldis in Alba Iulia 

 

Collection 

A single provider (Polaris) has exclusivity over the provision of the public service to 

households and apartment associations in Alba Iulia, with several small companies 

offering separate recycling service contracts to companies. 

Containers in Alba Iulia are completely different from those in Valencia; therefore, 

the mounting of filling sensors and identification module had just a basic installation 

CAD design.  

 

  
                                  

Figure 6 Containers with installed modules in Polaris courtyard (left: initial design) 
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Alba Iulia used the platform developed and installed in Valencia; consequently, 

special drawings for installing telecom/ network equipment or computers were not 

needed. 

Also, the local network configuration was similar to that tested in Valencia, 

including: 

• Filling level sensors data (including temperature, shock) are transmitted by 

GSM - GPRS to the cloud server; 

• Identification modules (labelling smart devices) send information (RFID card, 

label number) by LoRA to the receiver nodes in range of the Goldis – 

Arnsberg pilot area; 

• Receiver nodes send data to the clod server via GSM – GPRS; 

• Data received in the cloud server is stored in a PostgreSQL database to be 

visualized in the IoT platform installed in Valencia and accessible online.  

 

Points of interest (like truck starting point, containers location and allocated smart 

device and filling sensor, finish truck point at transfer ramp) are already integrated 

in pilot maps. Sorting and processing of waste is not available locally, but will 

become available in a location placed at 15 km from Alba Iulia. 

 

In practice, Polaris uses 9 trucks for waste collection with diesel motorization - Iveco 

Euro-Cargo (EEV type, 2013), Iveco Trakker (EEV type) and Iveco Daily (EEV type) 

EEV (fabrication year: 2012). These trucks have the following characteristics:  

• Brand and model; Iveco, 2013, Euro4 

• Engine: diesel 

• Average consumption of vehicles: 53 L /100 km 

• Distance travelled yearly per truck: 18,000 km; average distance for one 

route: 33 km 

• Capacity: 7 trucks x 16 m3 + 2 trucks x 8 m3 

• Age of fleet: 7 years 

 

Each truck travels 33 km on average per route, with each route planned around a 

central platform/ transfer ramp (established in May 2020), where the trucks begin 

and finish their journey. The trucks follow a daily routine, established according to 

the frequency of collection contracted with the administration. Drivers know their 

daily routine and routes; each truck has GPS, but just for reporting position to the 

dispatch (no tablets or smart phones available for drivers).  

 

The usual operative done by Polaris to collect the plastic packaging waste was 

performed daily during the pilot, on a dedicated route. One single truck made the 

collection of dedicated PlastiCircle containers from the neighbourhood, starting 

from technical point (str. Livezii, emptied waste at sort ramp located on the city 
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belt) and continued the collection route to other areas of the city. The final point 

of the route was at the transfer platform.  

 

For the purpose of the pilot, the usual route was updated according to: distance 

between containers; route length; communication systems covering that area. 

 

Dedicated PlastiCircle containers were placed near existing locations, in order to 

be operated normally, but during a dedicated trip. The prefix indicates the area (A 

– Arnsberg, G- Goldis), allocated general location number and number of smart 

identification (labelling) device installed on PlastiCircle containers. 

 

 
Figure 7 Locations of smart containers 

 

Sorting 

After collection, Polaris sorts manually only a part of waste and sells the recyclable 

materials to specialized companies, for final collection and recycling. Majority of 

materials, waste and garbage are transported to a distant sorting and waste dump. 

However, a sorting facility is expected in a near future nearby the city (15km). The 

sorting plant is believed to be similar to the one used in Valencia, with a 

comprehensive conditioning (several sieving steps, air classification and ballistic 

separation), both automatic and manual sorting, mostly manual product quality 

control; For the assessment, the sorting step has been evaluated based on models and 

literature data.  

 

Recycling 

Recycling plants considered for Alba Iulia case were assumed similar to those 

modelled in Spain.  
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Disposal 

Landfill was considered as the only disposal of the residues from the sorting and 

recycling stages. 

 

Utrecht 
Inzamelen, Markten & Havens collects approximately 180,000 tonnes of waste per 

annum from a variety of commercial and public customers. The public part can be 

divided in three main streams. Roughly 62,000 tonnes are collected by underground 

containers, 30,000 tonnes are collected by civic amenities and 29,000 tonnes door 

to door by using smaller containers and bags. 

The pilot area is located in Leidsche Rijn, the western part of the city. This is a 

relatively new area. The pilot has taken place in Terwijde (Figure 8).  

Unfortunately, the technologies from PlastiCircle were not tested in Utrecht but state 

of the art commercial technologies were evaluated instead. 

 

 
Figure 8: Pilot location in Utrecht 

 

Smart containers 

Utrecht has placed approximately 3.800 underground containers (Figure 9); 216 of 

them are used for packaging waste. In every container a sensor is installed. Utrecht 

did not install and compare other sensors. Underground containers are emptied when 

the filling degree reaches 80%.  
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Figure 9: Underground containers from Utrecht 

In Utrecht, the TFS solo sensor is used in the underground containers. This sensor uses 

ultrasound technology to measure the filling level of waste in every container (Figure 

10). The sensor data helps to define the use of an underground container: 

 

 
Figure 10: Software caption, profile of a given container 

By using the data, the daily amount of dumped waste is calculated, and the next date 

of emptying is predicted. The sensor, 2.5G communication and the IoT platform are 

supplied by WasteVison13.  

 

Route optimisation comparison  

 
 
 
 
13 https://wastevision.com/ 
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Utrecht has a commercial software that provides real time information and an alarm 

system that notifies which container should be collected based on a filling level 

threshold (same as PlastiCircle) and also uses ultrasounds technology to measure the 

filling level of the containers (both sensors are commercial). 

 

Sorting 

The collected waste is transport by truck to the sorting plant located in Rotterdam. 

The plant is operated by SUEZ and consist of a technologically advanced sorting 

plant for co-mingled lightweight packaging (including plastics, metals and 

beverage cartons), with a treatment capacity > 17 t/hour, achieving a sorting rate 

of 89 % (3 % metals, 4 % beverage cartons, 45 % rigid PE, rigid PP, rigid PS, PET, PET 

film, 37 % mixed plastics). 

 

Recycling 

Recycling plants considered for the Utrecht case were assumed similar to those 

modelled in Spain.  

 

Disposal 

Incineration was considered as the only disposal of the residues from the sorting and 

recycling stages. 

 

 

2.3 Economic assessment  
 

Goal and scope 
The aim of this study is to assess, using multi-stakeholders cost-benefit analysis, the 

economic impact of PlastiCircle's technologies by comparing the situation prior and 

post implementation of developed solutions.  

 

The scope of the economic assessment of the city pilots includes the plastics waste 

management value chain, beginning at the households generated plastic waste until 

the production of final recycled plastic materials (e.g. flakes, pellets) as the output of 

the recycling process. Thus, the following steps are included in this evaluation: 

 

 

1. Collection (including transportation to sorting facilities). 

2. Sorting into different plastic resins. 

3. Transportation of the sorted plastic resins to recycling facilities and other 

management options. 

4. Processing of sorted materials into secondary raw materials for subsequent 

recycling at the converters 

5. Final disposal or energy recovery of plastic waste not collected for recycling 
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and plastic waste from sorting and recycling operations. 

 

Figure 11 displays a simplified representation of the recycling system with the 

different actors and steps involved and the material and money flows. Sl ight 

differences may be observed from country to country. 

 

 
Figure 11 Typical recycling system with the different actors and steps involved and the material and money 
flows (Here is shown the Spanish system, source Ecoembes). 

 

Method 
The economic assessment was closely linked to the life cycle assessment 

(Deliverable 7.3). The functional unit (FU) was the management of plastic 

packaging waste contained in 1000 kg of collected packaging waste. 

As aforementioned, some differences may exist on the organisation of the value 

chain of packaging waste management (Figure 11) from country to country.  

In Spain, Ecoembes as producer responsibility organisation (PRO) and each local 

entity in Spain are therefore required to sign a cooperation agreement that details 

the packaging waste management services that should be financially covered by 

the producer. The system is displayed in Figure 11. 

In Romania, ECO - ROM AMBALAJE (ERA) is the representative of the "Green Dot" 

system and one of the main national Recovery Organisations. ERA is obliged to 

cover the net costs incurred by delegated operators (municipal or private) related 

to separate collection, transfer, sorting and recovery (if recycling is not possible). 

In the Netherlands the structure is slightly different as the municipality receives the 

remuneration fee from the Dutch PRO (Afvalfonds) and then perform the collection 

and remunerate the sorting and recycling actors.  

For each pilot cities, relevant stakeholders within the value chain were identified 

and the material and monetary flows were quantified and pre and pilot situation 

were modelled using a multi-stakeholder economic cost-benefit analysis following 

a framework similar to the one proposed by (Bassi et al. 2020)12. Data were 

collected from the partners involved in each pilot and relevant literature was used 

to fill the gaps when data was missing.  
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All economic data were normalized for the country of pilot studies for 2020, using 

purchasing power parities and inflation rates. 

The specific cost or SC (EUR/tonne) to collect packaging waste was calculated by 

accounting for investment cost (IC), annualized capital expenditure (Capex) and 

operational expenditure (Opex). The equations utilised to calculate SC were: 

 

 

where: 

 

OP: operational capacity per year; 

UC: unforeseen annual cost related to capital;  

CRF: capital recovery factors 

i: interest rate of borrowing capital (a constant 5% annual rate was used as a 

default value) 

n: life time of assets (here 20 years was used for buildings, 10 years for processing 

equipment (7 years for three shift operation) and 5 years for mobile equipment.  

 

Collection 

Collection costs have been modelled for each pilot city and include labour costs, 

costs of buying and maintaining the collection vehicles, costs of buying the waste 

containers and costs of external services. The administration costs are common to 

all types of collections (for both source-segregated plastic and residual waste) and 

include administration and general management costs. 

The allocation of the truck and driver time for the pilot was calculated using time 

allocation between the time needed for the pilot, the total round time and the time 

that the truck is operated yearly. 

 

Sorting 

MRF actors were not part of the project PlastiCircle and economic data on sorting 

activities were scarce. Therefore, the cost-benefit analysis of the sorting plant or 

Material recovery facility (MRF) plants were calculated based on the models 

presented in Cimpan et al. (2016)14 normalizing the data for the country of pilot 

 
 
 
 
14 Cimpan, C., Maul, A., Wenzel, H., Pretz, T., 2016. Techno-economic assessment of central sorting at material recovery 

facilities - the case of lightweight packaging waste. J. Clean. Prod. 112, 4387–4397. 
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studies and the year 2020, using purchasing power parities and inflation rates. 

The specific cost or SC (EUR/tonne) to process light waste packaging in the MRF 

facilities was calculated by accounting for investment cost (IC), annualized capital 

expenditure (Capex) and operational expenditure (Opex).  

 

The CAPEX of the MRF include: 

• Building annualized costs - calculated from the total cost of the building, the 

annual interest rate and the lifetime of the building. 

• Equipment annualized costs - calculated from the total cost of the 

equipment, the annual interest rate and the lifetime of the equipment. 

• Project and installation costs - calculated as a percentage of the total cost 

of the building and of the equipment). 

 

The OPEX of the MRF include: 

• The annual insurance - calculated as a percentage of the total cost of the 

building and of the equipment. 

• Building maintenance - calculated as a percentage of the total cost of the 

building. 

• Equipment maintenance - calculated as a percentage of the total cost of 

the equipment. 

• Cost of electricity, heat and diesel – calculated using the generic costs. 

• Personnel costs – calculated as the number of workers multiplied with the 

different salary including the reserve factor. 

 

Recycling  

The recycling plants are stakeholders receiving or buying the bales and produce 

either flakes or granules. A typical processing sequence includes debaling, 

grinding, washing, drying, extruding and pelletizing. As for sorting plants, economic 

data on recycling activities were also scarce. Therefore, the cost-benefit analysis 

of the recycling plants were calculated based on the models presented in (Bassi et 

al. 2020)12 where the specific costs were calculated according to (eq. 1-3). 

The CAPEX of recycling includes the cost of the building, the annual interest rate, 

the lifetime of the buildings and of the equipment, the relative project costs and 

the annual interest rate. 

The OPEX include the relative insurance, the relative maintenance and the relative 

reserve factor were assumed the same as of the MRF. For each polymer different 

consumptions of electricity, heat, diesel, water, sodium hydroxide and other 

chemicals were used based on literature. 

 

Multi-stakeholder cost benefit analysis 

The multi-stakeholder cost benefit analysis is based on the economic assessments 

of each step. The financial costs and revenues are presented using as functional 

unit: plastic packaging waste contained in 1000 kg of collected packaging waste 
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and calculated as following: 

 

Collection & Transport= (Mass plastic packaging waste + Allocated waste to 

disposal) × (Container specific cost + Transport specific 

cost) 

 

Sorting costs = (Mass plastic packaging + Allocated waste to disposal) × Sorting 

specific cost + Allocated waste to disposal × (Transport cost + 

Disposal cost) 

 

Remuneration to Municipality =  Mass plastic Packaging collected × Remuneration 

defined by PRO 

 

Recycling costs = Extracted masses from sorting × (Unit costs of bales + Transport 

cost + Recycling specific costs) + Masses of impurities × (Cost 

Transport to disposal + Disposal costs) 

 

Revenues sales of granules = Masses of granules or flakes produced × Unit prices  

 

Costs assessment 
As aforementioned, only Alba Iulia and Valencia pilots applied technologies from 

PlastiCircle while Utrecht used already commercialised technologies. Therefore, the 

results presented here show only the pre and pilot evaluations for Valencia and 

Alba Iulia while Utrecht is only depicted with the costs of the actual waste 

management. Furthermore, it should be noted that for the assessment of Alba Iulia's 

pilot initial estimates have been used as the pilot was only recently completed and 

data are still under analysis. 

 

Collection (container and transport) costs 

The data for the collection and transport of packaging waste have been compiled 

and the overall capital and operation costs for the pre and pilot studies are 

displayed in Table 1. The collected volumes have been set identical for pre and 

pilot to avoid interferences not related to the waste management. One should 

note that these costs are given per tonne of collected waste packaging and not 

per tonne of plastic packaging collected. The specific collection costs for the 

plastic packaging will be discussed in the overall multi-stakeholder economic cost-

benefit analysis results.  

The costs for both street containers are in accordance with collection and transport 

costs of packaging waste available in the literature (e.g. Bassi et al. (2020)12) 

reporting 116.4-240.8 €/t for street collection of source-segregated plastic from 

households. Unfortunately, no value was found for the comparison of underground 

container used in Utrecht. 

The results in Table 1 show a noticeably higher collection cost for Utrecht compared 

to other city pilots which is explained by a much higher capital and operating costs 

of the underground versus the street container systems. This is also explained by the 
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lifetimes of the containers and trucks (communicated by SAV, Polaris and Utrecht) 

which were shorter in Utrecht compared to Alba Iulia and Valencia. The results 

obtained for Alba Iulia display a very low collection costs for the main reason that 

higher waste volumes are collected compared to Valencia or Utrecht. 

The results from the pilots in Valencia and Alba Iulia (Table 1) indicate that 

PlastiCircle's smart system increased the container cost while the route optimisation 

reduced the transport costs. The acquisition of the smart container is more 

expensive than the usual container representing an increase in cost of 67.3 % and 

323.4% for Valencia and Alba Iulia, respectively. The NFC cards and labels that are 

included in the operating costs also represent additional costs for the smart 

container which translate into an increase of the overall capital and operating 

specific cost compared to the usual container of 84.8% and 323.4% for Valencia 

and Alba Iulia, respectively. 

Regarding the transport, for the economic assessment the acquisition and 

maintenance costs of the eco-driving and the IoT platform were considered 

negligible compared to the acquisition cost of the truck and therefore those costs 

were not considered. The results indicate that the technologies developed and 

tested by PlastiCircle project allow a significant reduction in terms of fuel, distance 

and time compared to the status quo as presented in the deliverables from WP6. 

Those achievements translate into a yearly reduction of the overall specific cost for 

the transport of 26.5% and 19.7% for Valencia and Alba Iulia. 

Overall, the total collection costs were slightly higher for PlastiCircle's solution (9.1% 

higher for Valencia's pilot and 17.7% higher for Alba Iulia's pilot) compared to the 

initial collection systems.  

 

Sorting 

As defined by Cimpan et al. (2016), sorting plants have different sections defined 

here as following: 

• Feeding and pre-conditioning section consisting of the reception, storage of 

input materials and input feeding and pre-conditioning processes, such as 

bag opening and/or size reduction; 

• Conditioning section correspond to processes preparing the material flow 

for sorting, such as sieving steps, ballistic separation and air classification; 

• Sorting section consists of primary sorting processes, which first separate the 

material groups or types that will constitute the outputs of the plant; 

• Refining section consists of additional sorting steps, which have the target of 

bringing material output quality to market requirements. Quality control is 

performed by mechanical processing or negative manual sorting;  

• Product handling section include balling processes, product storage as 

bales, loose material (sorting residues) or in containers (metals), and includes 

loading operations for products and residue streams to be delivered to 

downstream processors. 

• Unassigned section contains the dedusting and air cleaning system for the 

entire processing area and transformer units (electricity input to the plant).  

 

For each section, equipment specifications are provided in the annexe 4.  
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The sorting plants used for all three cases have been modelled according to 

Cimpan et al. (2016)14 where data have been normalized for the country of pilot 

studies and the year 2020 using purchasing power parities and inflation rates. The 

data are compiled in Table 2, Table 3 and Table 4 for Valencia, Alba Iulia and 

Utrecht respectively. Those costs are given per tonne of incoming packaging 

wastes and not per tonne of plastic packaging. Furthermore, the cost of disposal is 

not included but will be included in the multi-stakeholders economic cost-benefit 

analysis results. 

The calculated processing costs are in agreement with the literature reported 

specific cost of 101 EUR/tonne and of 87 EUR/tonne for plants with capacity of 

40,000 tonnes/year; and 60,000 tonnes/year, respectively1415; Ci). 

 
 
 
 
15 Bünemann, A., Christiani, J., Langen, M., Rachut, G., Wolters, J., 2011. Planspiel zur Fortentwicklung der 

Verpackungsverordnung, TV 01: Bestimmung der Idealzusammenset-zung der Wertstofftonne (Variants of an 

Amendment to the German Packaging Ordinance e Part 1: Optimised Allocation of Waste Items to a “Dry Recyclables 

Bin”). Federal Environment Agency (Umweltbundesamt e UBA), Dessau Roßlau, Germany. 



 
 

 

26 
 

Table 1 Data and costs calculations for the collection (container and transport) stage.  

COLLECTION & TRANSPORT units Valencia Alba Iulia Utrecht Reference 

  Pre-pilot Pilot 
Pre-

pilot 
Pilot Pilot  

Container 

Packaging waste collected neighbourhood (yellow container) Tonnes/month 10,95 10,95 87,83 87,83 21,43 SAV, Polaris, and Utrecht 

Number of containers collected per route  26 26 42 42 40 SAV, Polaris, and Utrecht 

Containers & sensors capital cost €/collector 984 1646 205 867 12 000 SAV, Polaris and Utrecht 

Containers life time year 15 15 5 5 10 SAV, Polaris and Utrecht 

Maintenance cost per year (if relevant) €/year/collector 49 82 10 43  SAV  

NFC card (3 years life time) €/year  1 310  2400  SAV  

Labels €/year   84  700  SAV 

Capex + Opex/year €/year 2 984 5 515 2 152 9 113 48 000 Calculated 

Specific cost container/t €/t 22,71 41,98 2,04 8,65 186,58 Calculated 

Transport 

Number of trucks ud 1 1 1 1 1 SAV, Polaris and Utrecht 

Cost of truck  €/truck 185 000 185 000 83 405 83 405 300 000 SAV, Polaris and Utrecht 

Life time of truck years 15 15 10 10 8 SAV, Polaris and Utrecht 

Annual fuel consumption for 1 truck €/year  28 108 24 064 34 605 30 263 31 528 SAV, Polaris and Utrecht 

Maintenance cost per year for 1 truck €/year 11 438 11 438 4 145 4145 18 549 SAV, Polaris and Utrecht 

Insurance for 1 truck €/year 2 500 2 500 1788 1788 3 789 SAV, Polaris and Utrecht 

Operators per truck persons 1 1 3 3 1 SAV, Polaris and Utrecht 

Salaries (Driver + operators) €/year 34 466 34 466 37 500 37 500 71 104 SAV, Polaris and Utrecht 

Hours operation truck per year hrs/year 3 300 3 300 1 776 1 776 3 369 SAV, Polaris and Utrecht 

Total distance per year for 1 truck km/year 50 481 50 481 14 614 14 614  SAV, Polaris 

Time used per route inside pilot hours 0.99 0,71 0,90 0,75  SAV and Polaris 

Allocation time outside pilot route hours 0,23 0,23 0,26 0,21  Calculated 

Total time per route per year hours/year 176,01 135,69 181,03 153,26  Calculated 

Allocation truck and operator time for the pilot % 5,32 4,11 10,19 8,63 19,70 Calculated 

Capex + Opex/year €/year 4 640 3 411 8677 6 971 30 900 Calculated 

Specific cost transport/t €/t 35,31 25,96 8,23 6,61 120,12 Calculated 

Administration €/t 51,02 51,02 18,02 18,02 85,19 
Calculated based on (Bassi et al. 

2020) 

Total for collection 

[Specific costs (container + transport) + Administration]/t €/t 109,04 118,96 28,30 33,28 391,92 Calculated 
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Table 2 Cost results detailed per plant section for the plant used in Valencia (25000 t/year, modelled according to Cimpan et al. (2016) and normalised costs for Spain and 
year 2020) 

   Total 
Feeding-

preconditioning 
Conditioning Sorting Refining 

Product 

handling 
Unassigned 

Capital investment 

Construction/building costs € 2243568 1239960 224248 313771 85428 380160 0 

Processing equipment € 3311571 94299 546288 1452069 140339 633885 444690 

Mobile equipment € 629807 260610 0 0 0 369197 0 

Project costs € 153881 45279 18605 40984 5614 33730 9669 

Total Capital Investment € 6338825 1640148 789142 1806825 231382 1416971 454359 

Capex (fixed operational costs) 

  

Construction/building costs €/y 180030 99498 17994 25178 6855 30505 0 

Processing equipment €/y 428864 12212 70746 188050 18175 82091 57589 

Mobile equipment €/y 145470 60194 0 0 0 85276 0 

Project costs €/y 12347 3633 1493 3288 451 2707 776 

Total Capex €/y 766711 175537 90233 216516 25480 200578 58365 

Opex (variable operational costs) 

Costs for repairs/ 

maintenance 
€/y 149056 35307 15809 40063 4102 48299 5476 

Costs for resource 

consumption 
€/y 567212 64217 34690 159868 151203 113966 43268 

Costs for personnel €/y 855360 66479 0 132957 465351 132957 257051 

Insurance €/y 45039 13253 5445 11995 1643 9872 2830 

Total Opex €/y 1616667 179256 55944 344884 622299 305095 308626 

Capex + Opex €/y 2383378 354793 146178 561400 647779 505673 366991 

Specific Capex per tonne €/t 31 7 4 9 1 8 2 

Specific Opex per tonne €/t 73 7 2 14 25 12 12 

Specific cost per tonne €/t 103 14 6 22 26 20 15 
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Table 3 Cost results detailed per plant section for the plant used in Alba Iulia (25000 t/year, modelled according to Cimpan et al. (2016) and normalised costs for Romania and 
year 2020) 

Advanced   Total Feeding- 

preconditioning 

Conditioning Sorting Refining Product 

handling 

Unassigned 

Capital investment  

Construction/building costs € 1694498 936504 169368 236982 64521 287123 0 

Processing equipment € 3401823 96869 561177 1491643 144164 651161 456809 

Mobile equipment € 699156 289306 0 0 0 409850 0 

Project costs € 116221 34198 14052 30954 4240 25475 7303 

Total Capital Investment € 5911698 1356877 744596 1759579 212926 1373609 464112 

Capex (fixed operational costs) 

Construction/building costs €/y 135971 75147 13590 19016 5177 23040 0 

Processing equipment €/y 440552 12545 72675 193175 18670 84328 59159 

Mobile equipment €/y 161488 66822 0 0 0 94666 0 

Project costs €/y 9326 2744 1128 2484 340 2044 586 

Total Capex €/y 747336 157258 87392 214675 24188 204077 59745 

Opex (variable operational costs) 

Costs for repairs/ 

maintenance 

€/y 143652 34027 15236 38611 3953 46548 5277 

Costs for resource 

consumption 

€/y 546649 61889 33432 154072 145721 109835 41700 

Costs for personnel €/y 302122 23481 0 46962 164367 46962 90793 

Insurance €/y 46266 13614 5594 12322 1688 10141 2907 

Total Opex €/y 1038690 133012 54262 251967 315729 213486 140678 

Capex + Opex €/y 1786026 290270 141655 466642 339917 417563 200422 

Specific Capex per tonne €/t 30 6 3 9 1 8 2 

Specific Opex per tonne €/t 44 5 2 10 13 9 6 

Specific cost per tonne €/t 74 12 6 19 14 17 8 
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Table 4 Cost results detailed per plant section for the plant used in Rotterdam (120000t, modelled according to Cimpan et al. (2016) and normalised costs for Netherlands and 
year 2020)) 

 
  Total Feeding- 

preconditioning 

Conditioning Sorting Refining Product 

handling 

Unassigned 

Capital investment 

Construction/building costs € 7365361 4492741 648240 845902 380432 998047 0 

Processing equipment € 16640861 872570 2060591 7158223 3986990 1615754 946734 

Mobile equipment € 1625630 828232 0 0 0 797399 0 

Project costs € 674235 165958 77250 225524 86600 91398 27506 

Total Capital Investment € 26306088 6359500 2786081 8229649 4454021 3502597 974241 

Capex (fixed operational costs)                 

Construction/building costs €/y 591016 360509 52016 67877 30527 80086 0 

Processing equipment €/y 2155069 113002 266856 927023 516334 209248 122607 

Mobile equipment €/y 375480 191301 0 0 0 184179 0 

Project costs €/y 54101 13317 6199 18096 6949 7334 2207 

Total Capex €/y 3175666 678128 325071 1012997 553809 480846 124814 

Opex (variable operational costs) 

Costs for repairs/ maintenance €/y 452341 94898 57697 169355 37544 81272 11575 

Costs for resource consumption €/y 2283245 303765 169924 549161 790848 324250 145297 

Costs for personnel €/y 3549669 255122 0 201600 705600 404045 892833 

Insurance €/y 136396 36114 17130 43747 13187 20277 5941 

Total Opex €/y 6421650 689899 244751 963863 1547179 829843 1055645 

Capex + Opex €/y 9597316 1368027 569823 1976860 2100988 1310690 1180459 

Specific Capex per tonne €/t 26 6 3 8 5 4 1 

Specific Opex per tonne €/t 54 6 2 8 13 7 9 

Specific cost per tonne €/t 80 11 5 16 18 11 10 
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Based on the packaging waste collected in this project, the sorted quantities, 

reported in Table 5, were calculated using the characterisation of the incoming 

collected packaging wastes (Annexe 1) and the sorting efficiencies from the 

different plants (Annexe 2). The sorting efficiency using the sorter from Picvisa were 

only considered for the pilot in Valencia and the sorting efficiencies were then 

calculated taking into account the specific sorting efficiency of the sorter (Table 6) 

and the overall efficiency of the plant (cf. Deliverable 7.3 for additional 

information). The waste to disposal consisted of the reject fraction and the amount 

of undesirable waste allocated based on proportion of plastic packaging versus 

other packaging materials. Those quantities will be used to calculate the overall 

sorting costs including disposal. Those costs will be then compiled in multi-

stakeholders economic cost-benefit analysis results.  

 

Table 5 Plastic packaging fractions after sorting and disposed plastic impurities (kg/tonne packaging collected). 

  Pre-Pilot 

Valencia 

Pilot Valencia Pre-Pilot 

Alba Iulia 

Pilot Alba 

Iulia 

Utrecht 

PET Packaging 197 279 49 132 159 

HDPE Packaging 93 58 28 43 46 

PP rigid     65 

Mixed Plastic Packaging 34 61 29 29 18 

Film 90 125 33 46 139 

Total plastic packaging 413 522 139 250 429 

Waste to disposal 317 170 565 595 296 

 

Table 6 Specific sorting efficiency for the PlastiCircle optical sorter (source: Picvisa) 

 PET HDPE PP 

  PRE-PILOT PILOT PRE-PILOT PILOT PRE-PILOT PILOT 

PET 92 % 96 % 2 % 0 % 4 % 1 % 

HDPE 0 % 2 % 91 % 95 % 1 % 1 % 

PP 0 % 0 % 1 % 1 % 92 % 95 % 

OTHERS 3 % 2 % 2 % 1 % 1 % 2 % 

BRICK 3 % 2 % 1 % 1 % 1 % 0 % 

FILM 1 % 1 % 3 % 2 % 1 % 2 % 

PAPER 0 % 0 % 0 % 0 % 0 % 0 % 

Yield 85 % 92 % 90 % 94 % 75 % 94 % 

Purity 92 % 96 % 91 % 95 % 92 % 95 % 

 

The disposal of residues from sorting and recyclers are either incineration (Utrecht) 

or landfills (Valencia and Alba Iulia). The used gate fees and transport distances for 

the assessments are reported in Table 7. Those gate fees were considered 

independent from the stakeholders. The transport cost per km was assumed to be 

0.067 €/km according to (Bassi et al. 2020)12. 
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Table 7 Landfilling and incineration fees and distances. 

 Average distance (km) Reference 

Cost 

disposal 

€/t 

Reference 

Landfilling 

Valencia 
40 

Calculated 

from map 
90 Interval 

Landfilling  

Alba Iulia 

0  

(Same location as the sorting plant) 
Polaris 34 Polaris 

Incineration 60 
Calculated 

from map 
125 

(Gradus et 

al., 2017)16  

 

The capital and operating costs of the sorting technology developed within 

PlastiCircle are rather difficult to evaluate with respect to the overall sorting plant 

and therefore the CAPEX and OPEX are kept identical for the sorting plant. Though, 

based on communicated information from Picvisa (Table 8) and the data reported 

by Cimpan et l. (2016) (indicating prices for NIR in the range 100-220 k€ for belt 

width ranging from 1.2 to 2.2 m, cf. annexe 4), it is believed that the capital and 

operating costs of PlastiCircle's sorting technology would not differ significantly from 

those commercially available. Beside the capital and operating costs, it is 

expected that sorting efficiency would increase with such technology (Table 6) 

resulting in higher purities of bales and probably higher sales prices based on initial 

sorting trials.  

 

Table 8 Characteristics of the sorting unit developed within PlastiCircle (source: Picvisa) 

 
Optical sorter (without 

film stabilization) 

Optical sorter (film 

stabilization) 

Installation Power 2.65 – 4,1 ** 2.65 – 4.1 ** + 1.1 

Energy / ton (kWh/ton) 0.62 0.80 

Throughput (t/h) 5-6 t/h  5-6 t/h  

Volume of air needed (LPM) 12x300 12x300 

Energy needed on valves (J/s, W) 12x9.6 12x9.6 

% PE film yield 54 81 

CAPEX (k€) 150  150 + 15 

 

Recycling 

The recycling plant operation and capital costs have been modelled according to 

Bassi et al. (2020)12 normalising the costs to each country and to the year 2020. The 

resulting CAPEX and OPEX for each recycled resin are reported in Table 9. It should 

be noted that although CAPEX and OPEX data are provided for PP and mixed 

polyolefins for Spain, those resin are not recovered and therefore not considered in 

the economic modelling for the pilot in Valencia. The recycling plants were 

assumed to be located 30 kms, 66 kms and 69 kms from the VAERSA MRF plant, the 

SUEZ MRF plant and the sorting plant in Alba Iulia, respectively. The cost of disposal 

 
 
 
 
16 Gradus RHJM, Nillesen P, Dijkgraaf E, Van Koppen R (2017) A cost-effectiveness analysis for 

incineration or recycling of Dutch household plastic waste. Ecol Econ 135:22–28 
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and transport were the same as those presented in the sorting section and the 

amount to be disposed were calculated using the % of impurities provided in 

Annexe 3.  

 

Table 9 CAPEX and OPEX calculated for the recycling stage according to Bassi et al (2020)12 with normalised costs 
for Spain and Netherlands and year 2020 

  SP, €/t NL, €/t RO, €/t Reference 

PET  
CAPEX 54,06 73,12 40,83 Calculated from Bassi et al. (2020) 

OPEX 116,00 159,06 58,62 Calculated from Bassi et al. (2020) 

HDPE  
CAPEX 90,22 122,02 68,14 Calculated from Bassi et al. (2020) 

OPEX 132,90 182,24 67,16 Calculated from Bassi et al. (2020) 

PP 
CAPEX - 122,02 68,14 Calculated from Bassi et al. (2020) 

OPEX - 182,92 67,41 Calculated from Bassi et al. (2020) 

Film  
CAPEX 90,21 122,00 68,13 Calculated from Bassi et al. (2020) 

OPEX 138,81 190,34 70,15 Calculated from Bassi et al. (2020) 

Mixed 

polyolefins 

MPO  

CAPEX - 121,82 68,03 Calculated from Bassi et al. (2020) 

OPEX - 173,69 64,01 Calculated from Bassi et al. (2020) 

 

Those costs are then used to perform the economic assessment and the results 

related to the recycling stage for the pilots are reported in Table 10. Prices of bales 

and produced granules have been communicated by Ecoembes and kept 

confidential. For the three sites, the outcome of economic assessments of the 

recycling step indicates higher revenues compared to incurred costs. However, this 

analysis is very strongly linked to the prices of bales and to the market prices of the 

recycled granules and the outcome may vary significantly with time and from 

country to country. 
 

Table 10 Costs, revenues and balance calculated for the recyclers (€/t waste collected) 

  
Pre-Pilot 

Valencia 

Pilot 

Valencia 

Pre-Pilot 

Alba Iulia 

Pilot Alba 

Iulia 
Utrecht 

Processing of plastics 

PET Packaging 66,92 94,73 9,24 24,94 64,11 

HDPE Packaging: 54,92 34,25 9,90 15,25 31,35 

PP rigid 
  

  31,11 

Mixed Plastic Packaging: 10,69 19,13 3,38 3,37 7,08 

Film 22,80 31,79 2,69 3,72 47,02 

Transport and disposal 

Transport to recyclers 1,66 2,10 0,56 1,00 3,79 

Transport to landfill 0,21 0,28 0,29 0,48 0,39 

Landfill 4,89 6,29 1,84 3,05 
 

Incineration 
  

  6,02 

Total costs 162,09 188,57 27,91 51,81 190,85 

Revenues from sales of bales 306,53 370,95 98,30 133,45 289,30 
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Multi-stakeholder cost-benefit analysis 
The multi-stakeholder cost benefit analysis is based on the economic assessments 

of each step and calculated as defined in the Method section. 

The results from the multi-stakeholder cost benefit analysis are presented in Figures 

12, 13 and 14 for Valencia, Alba Iulia and Utrecht, respectively. The outcomes are 

also presented using as functional unit 1 tonne of plastic packaging collected 

(Table 11, Table 12 and Table 13).  

 

Valencia 

The results obtained for the pilot in Valencia indicate that the recycling costs were 

higher than the sorting costs followed by the collection costs. However, recyclers 

generate revenues from the sales of granules which cover the recycling costs and 

provide them a profit. 

 

The Municipality, who is responsible for the collection and the sorting, receives a 

remuneration from Ecoembes (responsible for the EPR system in Spain) to 

compensate for the incurred costs. This remuneration was estimated using costs 

data used for the payment models included in the Agreements with local entities 

provided by Ecoembes17. The compensation received by the municipality of 

Valencia from the EPR system offsets the collection and sorting extra costs. The 

results reveal a financial benefit for the Municipality however some uncertainties 

exist as some activities (e.g. pre-sorting step to reduce impurities prior sending the 

waste to the sorting plant, costs of hiring the service company SAV) have not been 

accounted. Indeed, as reported in the literature there is a lack of transparency 

over costs actually borne by the municipalities and there is a risk of overestimating 

the overall costs due to the system’s reliance on reference rather than actual 

costs1819. 

 

PlastiCircle's technologies resulted in higher plastic packaging recovery and a 

reduced volume of waste to be disposed as less unwanted materials and 

contaminations are collected (Table 5). The pilot study displayed slightly higher 

costs for the collection and a significant reduction for sorting costs due to lower 

disposal (Figure 12 and Table 11). However, recycling costs were increased for the 

pilot compared to the initial situation mostly due to higher volumes of plastics to be 

 
 
 
 
17 Ecoembes (2021) Average costs of fractions managed by Ecoembes in Spain provided to 

PlastiCircle project by email. 

18 Bio Deloitte for  the European Commission – DG Environment (2014) Development of 

guidance on Extended Producer Responsibility - Case study on packaging in France. Retrieved 

from: https://ec.europa.eu/environment/archives/waste/eu_guidance/pdf/report.pdf 

 

19 Watkins E., Gionfra S., Schweitzer J-P., Pantzar M., Janssens C. and Brink P. (2017) EPR in the 

EU Plastics Strategy and the Circular Economy: A focus on plastic packaging. Retrieved from:  

https://ieep.eu/uploads/articles/attachments/95369718-a733-473b-aa6b-

153c1341f581/EPR%20and%20plastics%20report%20IEEP%209%20Nov%202017%20final.pdf?v=6

3677462324 
 

https://ec.europa.eu/environment/archives/waste/eu_guidance/pdf/report.pdf
https://ieep.eu/uploads/articles/attachments/95369718-a733-473b-aa6b-153c1341f581/EPR%20and%20plastics%20report%20IEEP%209%20Nov%202017%20final.pdf?v=63677462324
https://ieep.eu/uploads/articles/attachments/95369718-a733-473b-aa6b-153c1341f581/EPR%20and%20plastics%20report%20IEEP%209%20Nov%202017%20final.pdf?v=63677462324
https://ieep.eu/uploads/articles/attachments/95369718-a733-473b-aa6b-153c1341f581/EPR%20and%20plastics%20report%20IEEP%209%20Nov%202017%20final.pdf?v=63677462324


 
 

 

34 
 

processed. On the flip side, PlastiCircle's technologies allowed lower management 

costs, higher remuneration to the Municipality and higher revenues from granule 

sales outweighing the increased recycling costs.  
 

 
Figure 12 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste (Pre and pilot in Valencia).  

Table 11 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste and 1 tonne of plastic packaging collected ('Pre and Pilot Valencia) 

 Pre-Pilot Valencia Pilot Valencia 

 

€/t 

collected 

packaging 

waste 

€/t plastic 

packaging 

collected 

€/t of 

collected 

waste 

€/t plastic 

packaging 

collected 

Collection & Transport 80 140 82 130 

Sorting costs 105 184 84 134 

Remuneration Municipality 372 652 411 651 

Recycling costs 162 284 189 300 

Revenues sales of granules 307 538 371 588 

 

Alba Iulia 

Sorting is the highest cost followed by the recycling and collection costs for Alba 

Iulia (Figure 13 and Table 12). As for Valencia, the revenues generated from the 

sales of recycled plastic compensate the incurred costs by recyclers providing 

them with a profit.  

The remuneration that the local entity receives has not been evaluated for Alba 

Iulia as no information was available at this stage.  

PlastiCircle's technologies have contributed to increase the plastic packaging 

collection (Table 5) causing higher waste management costs. Though, it has also 

contributed to increase the revenues from the sales of recycled plastics (Figure 13). 

Overall the costs of the waste management are just offset by the revenues from 

the sales of granules. 
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Figure 13 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste (Pre and pilot in Alba Iulia). 

 
Table 12 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste and 1 tonne of plastic packaging collected ('Pre and Pilot Alba Iulia) 

 Pre-Pilot Alba Iulia Pilot Alba Iulia 

 
€/t collected 

packaging 

waste 

€/t plastic 

packaging 

collected 

€/t of 

collected 

waste 

€/t plastic 

packaging 

collected 

Collection & Transport 20 143 30 122 

Sorting costs 92 659 94 377 

Recycling costs 28 201 52 207 

Revenues sales of granules 98 707 133 534 

 

Utrecht 

The collection followed by the recycling are the most expensive steps within the 

plastic packaging waste management in Utrecht. The revenues from the sales of 

recycled plastic represents only 52% of the incurred costs. However, the 

remuneration of Utrecht municipality was 670 €/t (source: Utrecht municipality) 

allowing to offset the collection, the sorting and the recycling costs.  

Unfortunately, PlastiCircle's technologies were not tested in Utrecht and no 

comparison is possible. 
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Figure 14 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste (Pilot in Utrecht). 

 

Table 13 Multi-stakeholder cost benefit analysis for the management of plastic packaging in 1 tonne of collected 
packaging waste and 1 tonne of plastic packaging collected ('Pilot Utrecht) 

 €/t collected 

packaging waste 

€/t plastic packaging 

collected 

Collection & Transport 284 532 

Sorting costs 97 183 

Recycling costs 191 358 

Revenues sales of granules 289 543 

Remuneration Municipality 357 670 

 

Europe 

Using the pilots results in Valencia, the multi-stakeholder cost benefit analysis of the 

city of Valencia and the overall Europe have been calculated and displayed in 

Table 14. This table is only produced for the sake of estimating the impact at city 

and European level, but conclusions remain the same as those provided for the 

pilot studies. 

 

Table 14 Multi-stakeholder cost benefit analysis for the management of plastic packaging for Valencia city and 
overall Europe (Without and with PlastiCircle technologies) (in kilo €). 

 
Valencia 

Pre 

PlastiCircle 

Valencia with 

PlastiCircle 

technologies 

Europe Pre 

PlastiCircle 

Europe with 

PlastiCircle 

technologies 

Collection & Transport  2 061  2 131 1 329 306 1 374 633 

Sorting costs  2 718   2 183   1 752 854   1 407 468  

Remuneration Municipality  9 625   10 655   6 206 388   6 870 580  

Recycling costs  4 196   4 895   2 705 400   3 156 300  

Revenues sales of granules  7 939   9 102   5 119 123   6 195 700 
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2.4 Conclusion 
PlastiCircle technologies allowed higher collection of plastic packaging and better 

input quality which might result, if implemented, in an increased market demand 

achieving the European recycling objectives. In the case of Valencia, PlastiCircle's 

technologies allowed lower management costs, higher remuneration to the 

Municipality and higher revenues from the sales of granules outweighing the 

increased recycling costs. However, for Alba Iulia, the implementation of 

PlastiCircle's would rise the plastic packaging collection and recycling costs which 

is only barely compensated by the increase of the sales of recycled plastics. Thus, 

the benefits from the implementation of PlastiCircles technologies seem to provide 

less gains to Alba Iulia than Valencia. 

Moreover, the economic viability of the recycler's activity and of the entire value 

chain is subject to market fluctuations while the operational costs are fixed. 

Furthermore, although a higher collection rate, recycling of certain polymers would 

not be economically profitable in Europe. 

This study also showed that to achieve a cost neutral recycling scheme for post-

consumer plastic packaging waste it is crucial that all the stakeholders collaborate. 

Hence, extended producer responsibility policies (EPR) are essential in the role of 

linking different stakeholders and fulfil a concerted action and achieving a cost 

neutral recycling system. EPR have the power to manoeuvre the whole system by 

financial incentives and quality requirements12.  
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3. Industries 
 

A closed loop recycling system (e.g. bottle to bottle) is not always possible, 

particularly in high performance applications where the highest quality is needed 

to meet product specifications and regulatory requirements. Though, depending 

on their quality, recyclates are currently used in various applications within building 

and construction, packaging and agriculture sectors.  

 

The introduction of post-consumer household waste in various applications still 

presents certain challenges that need to be addressed. As matter of fact, new 

solutions are necessary to improve the quality of recyclates and increase, the range 

of their application20.  

 

Beside the technical and quality aspects, new drivers are also now influencing the 

market. Indeed, a tax on packaging without recycled content will soon be coming 

into effect in Europe driving the industry to higher use of recycled plastic. 

Furthermore, due to consumers opinions, industries are also making efforts in 

reducing packaging waste and using higher recycled content. As an example, for 

PET large brands such as coca cola are targeting very high recycled content in 

their packaging. Since only a limited volume of recovered plastics exist, this results 

into higher competition and consequently higher prices which have an effect on 

the economics of the secondary industrial products. 

 

PlastiCircle has developed several products made of recycled polymers derived 

from post-consumer household packaging waste overcoming technical barriers. 

Those successful examples will pave the way for the higher circularity of the 

postconsumer plastic. 

 

3.1 Case studies 
 

Table 15 displays the different industry partners with their products investigated 

within PlastiCircle. Detailed information related to each case are available in the 

deliverables from WP5 and technical and economic assessments for each industrial 

product from PlastiCircle are presented in the report D5.10. 

 
 

 
 
 
 
20 PlasticsEurope (2019) The Circular Economy for Plastics: A European Overview (available at: 

https://www.plasticseurope.org/en/resources/publications/1899-circular-economy-plastics-

european-overview) 

 

https://www.plasticseurope.org/en/resources/publications/1899-circular-economy-plastics-european-overview
https://www.plasticseurope.org/en/resources/publications/1899-circular-economy-plastics-european-overview
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Table 15 PlastiCircle converters partners and products investigated. 

Partner Product Polymer 

Armacell  Foam boards Polyethylene Terephthalate (PET) 

Centro Ricerche Fiat 

(CRF) 

Automotive parts Polypropylene (PP) 

PET 

Derbigum Bitumen roofing PP 

Hahn Plastics  Outdoor furniture and 

retention products 

Low Density Polyethylene (LDPE) 

High Density Polyethylene (HDPE) 

PP 

Interval  Refuse sacks bags LDPE 

 

3.2 Economic assessment 
The use of recycled polymers must make both technical and commercial sense. If 

the product is not fit for purpose, or the cost of incorporating recycled content is 

too high, there is no business case for using recycled materials. Thus, this section 

provides the economic evaluation of each case study. 

 

Method 
The economic assessment of the impact of PlastiCircle related to the production of 

products using recycled polymers derived from post-consumer household 

packaging waste is evaluated in this section.  

The initial processing equipment for the different industry actors remained identical 

and therefore the economic impact assessment was only based on the change in 

material and energy inputs. 

Data have been collected from each industry partner and operational costs 

corresponding to the sum of the costs of materials and energy inputs per functional 

units have been calculated. It is assumed that the product developed within 

PlastiCircle have the same properties and life expectancy than those produced 

initially. 

 

Results 
The economic evaluation carried out in this report is intended for publication, and 

to ensure commercially sensitive information is not shared, only the difference in 

cost between stand material and production are reported in Table 16. The 

economic evaluation considers three aspects: 

 

1. Difference in raw material cost: This will include any difference in the polymer 

when using recycled polymer and any difference in additive cost based on 

the formulation developed. 

2. Difference in production cost: This includes any impact from slower 
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production or increased energy consumption from higher temperatures or 

pressures required. 

3. Difference in product value: Depending on the product, it may be that 

incorporating recycled content increases the value of the product if it can 

be marketed differently. Conversely, it may be that the product with 

recycled content cannot be sold at the same price due to a difference in 

properties, and therefore the value of the product reduces. 

 

The sum of all the differences can be calculated to give an overall PlastiCircle value 

add. 

 

Table 16 Economic comparison of initial production vs PlastiCircle's solution 

 CRF (PP) CRF (PET) Interval Derbigum Hahn Armacell 

Basis 
1 kg 

compound 

1 kg 

compound 

1 tonne 

polymer 

1 tonne of 

blend 

1 tonne 

product 

1 tonne 

product 

Difference in 

raw material 

cost (€/unit) 

+€0.03 -€0.39 +€25 -€4.5 -€60.50 

+€ 33-53 

depending 

on the 

quality 

Difference in 

production 

cost (€/unit) 

€0.00 +€0.02 €0 €0 €0  €0 

Change in unit 

cost (€/unit) 
+€0.03 -€0.36 +€25 -€4.5 -€60.50 +€33-53 

Change in unit 

value (€/unit) 
€0 €0 €0 €0 €0  €0 

PlastiCircle 

value add 

(€/unit) 

-€0.03 +€0.36 -€25 +€4.50 +€60.50 -€33-53 

 

More detailed information related to technical aspects are reported in D5.10 while 

additional information related to economics and business plans are available in 

deliverables from WP8.  

 
CRF 

For PlastiCircle project, CRF evaluated the production of automotive parts using 

post-consumer r-PP instead of post-industrial and replacing PA by post-consumer r-

PET. The two final products selected are as following: 

• An rPP based automotive central console bracket (interiors) by 

injection moulding. The rPP came from bottles, containers and caps 

from Italy and the product uses 100% recycled content. 



 
 

 

41 
 

• an rPET based automotive bracket formed by injection moulding for 

exterior and engine compartment. The rPET came from recycled bottles 

in Italy and the product used 100% recycled content. 

The replacement of post-industrial r-PP by post-consumer r-PP results in a slight 

increase in cost per kg of compound (+ 0.02 € per kg of product). This is because 

of the additives required to improve the impact strength. This cost increase is very 

marginal. 

In the other hand, the replacement of virgin PA by post-consumer r-PET indicates 

the potential for a significant reduction (-0.31 € per kg of product) of the cost of 

production of automotive parts. The benefit comes from the substitution of material, 

as although various additives are needed, overall the cost is lower. There is a slight 

increase in processing cost as the cycle time for the PET parts is slightly higher 

meaning more energy per part is used.  

Overall this demonstrated a positive impact for the use of recycled polymers, that 

could be improved with additional incentives for using recycled content.  

 

Interval 

Interval tests consisted of using post-consumer recycled plastic instead of post-

industrial ones. They succeeded with manufacturing PE black film with Attero 100% 

post-consumer PE material.  

The comparative economic evaluation results show higher production costs (+23,10 

€ per ton of product) with the post-consumer PE than the post-industrial. This 

difference is mostly caused by higher cost of the material input. Though, this 

outcome is market driven and the higher cost is also largely due to the transport.  

 

Derbigum 

Derbigum use a mixture of amorphous (or Atactic) PP (aPP) and crystalline (or 

Isotactic) PP (iPP). The amount of polymer used in the bitumen blend is 

approximately 20%. In the blend aPP is the predominant component. 

The replacement of virgin iPP by recycled iPP has been tested in pilot scale of 

membrane production. The product is currently compatible for base sheets 

formulations and the bituminous blend and the finished product have the same 

properties.  

Apart from the replacement of the virgin PP by recycled PP no changes to 

production process were necessary and the economic impact was only due to the 

difference in prices of the polymer. The PlastiCircle process allows a cost reduction 

of around 4.5 € per ton of product. 

 

Hahn 

Hahn manufactures the Hanpave grid for ground reinforcement. This product has 

historically made from 100% recycled PP from industrial sources and the aim of the 

PlastiCircle project is to make the product with post-consumer recycled content.  

Hahn reported that a good percentage of post-consumer films can be used into 

the injection moulding process. Production using PP post-consumer film from 50 % 

to 80 % mix with post-industrial material has been verified. The process equipment 
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remained identical and only the change of raw material was necessary.  

The product made with 50% recycled PP from film achieves the necessary quality 

requirements and based on the economic assessment, the outcome of the trial is 

positive with a potential lower production cost (-60.55 € per ton of product) 

compared to initial production using 100% industrial rPP.  

 

Armacell 

Armacell produce foam board and test were carried out with the objective to use 

tray-PET as a replacement to PET from bottles. This material must then be modified 

with chain extenders. Estimated amount tray material that can be used in foam 

board recipes is 20-30 %.  

The comparative economic evaluation results indicates that with the current 

volumes and quality of PET tray rich material supplied and the need for additional 

additives the cost increases (+33-53 € per tonne of product depending on the 

quality). Indeed, the production conditions (i.e. temperature, rate of product) are 

ineffective, and the material cost increases. This is because: 

• There is currently no secure source of tray rich material, and the recycler who 

can provide these charges the same as for PET bottle material due to the 

difficulties on processing PET tray. 

• The reactivity of the PET tray material is lower, and therefore different chain 

extenders and additives are required in different quantities which increases 

the overall cost. 

As PET tray recycling increases, as it must to meet recycling targets, the belief is the 

feedstock will be more widely available and affordable. These additional markets 

for non-bottle PET will help drive the circular economy and provide a basis for 

further investment in recycling.  

Armacell already market their product on its recycled content, and so there is no 

scope to increase the value of the product based on the inclusion of PET tray rich 

material. Overall therefore using the tray rich material increases the cost.  

The situation and supply of tray rich material must be closely monitored by Armacell 

going forwards, such that when a supply of material does become available at a 

more attractive cost. 

 

3.3 Conclusion 
All partners have been able to produce a product that meets end user requirement 

and product specifications.  

With respect to the economic impact of PlastiCircle, positive impacts were 

reported for Derbigum, Hahn and CRF (PET automotive parts) where a slight 

reduction in cost has been reported. However, in some cases (Armacell, CRF [PP 

automotive parts] and Interval) there was a slight to high increase in cost 

associated with using the recycled material from packaging. This is because of the 

additional additives needed to meet the end user requirements, or the cost of the 

process to produce a good quality material.  

Furthermore, these case studies indicate that the profitability of the production of 
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industrial products using recycled post-consumer plastics is also dependent of the 

market prices and the stability of the supply. This is exacerbated due to the tax on 

packaging without recycled content that is due in the UK and EU which increases 

the demand for recycled packaging.  

Overall, the outcome of the PlastiCircle project is very positive for the 

manufacturers, but more effort will be required by the whole recycling and 

manufacturing supply chain to ensure there is a future for recycled content in long 

life products. 
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Annexe 1 Compositions of Packaging Wastes collected. 

  
Pre-Pilot 

Valencia 

Pilot 

Valencia 

Utrecht Pre-Pilot 

Alba Iulia 

Pilot Alba 

Iulia 

PET Packaging: 23,29 % 30,46 % 17,71 % 4,90 % 13,22 % 

PET Bottles  15,49 % 23,15 % 6,57 % 3,20 % 12,41 % 

PET Trays (Mono & 

Multilayer) 

7,81 % 7,31 % 11,09 % 1,70 % 0,81 % 

HDPE Packaging: 13,40 % 8,00 % 5,47 % 2,80 % 4,31 % 

HDPE Natural 9,34 % 6,84 % 
 

0,80 % 0,00 % 

HDPE Color 3,61 % 1,16 % 
 

2,00 % 2,89 % 

PP rigid - - 8,19 % - - 

Mixed Plastic 

Packaging: 

6,42 % 9,17 % 2,11 % 2,90 % 2,89 % 

Film: 13,86 % 15,46 % 19,92 % 3,30 % 4,56 % 

Foils - bags & 

sacks 

3,54 % 3,84 % 1,85 % 
  

Foils - packaging 10,31 % 11,62 % 18,69 % 
  

Metal Packaging: 9,85 % 13,57 % 7,06 % 2,40 % 
 

Aluminium 5,69 % 7,51 % 1,06 % 0,60 % 1,62 % 

Ferrous 

Packaging 

4,16 % 6,06 % 6,00 % 1,80 % 1,63 % 

Paper&CB 

Beverage/Food: 

11,59 % 14,63 % 12,73 % 1,70 % 0,61 % 

PVC 
   

3,20 % 2,66 % 

 

Annexe 2 – Sorting efficiencies considered. 
  

Valencia 

(VAERSA 2019) 

Utrecht 

(SUEZ 

Rotterdam) 

Alba Iulia 

sorting 

plant 

Sorting 

plant with 

Picvisa 

system 

PET Packaging 85 % 90 % 70 % 91% 

HDPE Packaging 69 % 85 % 70 % 72 % 

PP rigid - 80 % 50 % - 

Mixed Plastic Packaging 53 % 85 % 50 % 66% 

Film - 70 % 50 % 81 % 

Aluminium 59 % 85 % 60 % - 

Ferrous Packaging 85 % 95 % 95 % - 

Paper&CB Beverage/Food 65 % 88 % 50 % - 

PVC - - 70 % - 
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Annexe 3 – % on Purity considered. 
 

PET Packaging Valencia (VAERSA 

2019) and Alba Iulia 

Utrecht 

(SUEZ 

Rotterdam) 

HDPE Packaging 96 % 92 % 

PP rigid 90 % 94 % 

Mixed Plastic Packaging - 94 % 

Film 80 % 90 % 

Aluminium 82 % 92 % 

Ferrous Packaging 90 % 90 % 

Paper&CB Beverage/Food: 90 % 90 % 
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Annexe 4 Equipment data and acquisition price (source Cimpan et al. 

(2016)) 
  Device Type Estimated 

throughput 
Power 
consump
tion 

Price 

      tonne/hour kWh Euro (2012 
level) Processing Equipment 

Feeding and 
pre- 
conditioning 

Bag opener Bag opener (Simple 
system) 

10 15 50,000 € 

Feeder Screw incl. Bunker 15 35 100,000 € 

Shredder Shredder including 
feeder 

40 350 350,000 € 

Conditioning Trommel screen (2 
section) 

  up to 120 
m³/h 

35 150,000 € 

Trommel screen  
(1 section) 

  up to 120 
m³/h 

30 125,000 € 

Flatbed sieve   5 15 30,000 € 

Air sifter 30.000 m³/h up to 0.05 
kg/m³ air 

dependin
g on air 
consump
tion 

150,000 € 

Ballistic separator   5 20 150,000 € 

Sorting and 
Refining 

Magnetic 
separator 

Fine fraction 5 5 25,000 € 

Magnetic 
separator 

Middle fraction 10 30 50,000 € 

Magnetic 
separator 

Coarse fraction 10-15 35 75,000 € 

Eddy current Fine fraction 5 10 100,000 € 

Eddy current Middle fraction (1,6 
m belt width) 

10 10 160,000 € 

Eddy current Middle fraction (2,2 
m belt width) 

10-15 10 220,000 € 

NIR 1.2 m belt width 2.5-3 5 100,000 € 

NIR 1.6 m belt width 4-5 5 160,000 € 

NIR 2.2 m belt width 5-7 5 220,000 € 

Compressor (for 
NIR sorters) 

    7 
kW/m³*
min 

10.000 
€/m³*min 

Film grabber     10 120,000 € 

Mobile Equipment 

  Wheelloader 10 t-class Move 7 m³ 100 240,000 € 

  Forklift     60 50,000 € 

  Excavator Polyp excavator   100 240,000 € 

Storage/transpo
rt 

Container       10,000 € 

Other Equipment 

Conveyor 
systems 

Conveyor belts - Base construction price     5,000 € 

Conveyor belts - 0.6 m belt (10 m length)   3 12,000 € 

Conveyor belts - 1.0 m belt (10 m length)   3 14,000 € 

Conveyor belts - 1.2 m belt (10 m length)   3 15,000 € 

Conveyor belts - 1.6 m belt (10 m length)   3 17,000 € 

Conveyor belts - 2.0 m belt (10 m length)   5 20,000 € 

Bunker Bunker belt - 10 m length, 2 m width   3 47,000 € 

Material 
handling 

Baler, medium     80 200,000 € 

  Baler, big     110 212,500 € 

Aeration and air conditioning for 
sorting 
cabins 

    500m³/h 
per kW 

30 €/m3*h 

Dust removal/ air treatment     500m³/h 
per kW 

5 €/m3*h 

Electrical units per equipment       6,000 € 

Transformer unit 400 kW     100,000 € 

Transformer unit 1.000 kW     200,000 € 

Transformer unit 2.000 kW     400,000 € 
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