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Preface  

«Waste 2 Power (W2P) – høyverdig energigjenvinning av plastavfall» (High quality energy recovery from 

plastic waste) is a pre-project (forprosjekt) in the regional development program FORREGION funded by the 

Research Council of Norway and administrated by Viken county council. The project begun with a 

collaboration between Vaia Miljø AS and NORSUS.  
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Summary 

The project aims to understand the potential for commercializing a Waste to Energy prototype or 

Waste2Power (W2P) acquired by Vaia Miljø from Italy for energy recovery of waste and establish cooperation 

with relevant R&D actors. The project includes four main tasks covering the techno-economic analysis of the 

W2P technology (task 1), the development of an industrial plan based on the availability of plastic waste (task 

2), a simplified environmental analysis by Life Cycle Assessment methodology (task 3), and the development 

of a plan for further research activities (task 4). Data were systematized, scanned and archived. A simplified 

financial analysis was performed and results show this could be a viable business case. A list of potential 

suppliers, research partners and customers was developed. The need for determination of the Best Available 

Technology was identified. The Life Cycle Assessment analysis concerns four gasification scenarios and one 

municipal incineration scenario (the reference scenario). The four gasification scenarios assess the impact of 

the energy carrier produced by the W2P prototype. The analysis shows that whether gasification is better 

than municipal incineration is highly dependent on the process emissions from the W2P prototype and the 

energy source that is substituted. Hence, minimizing W2P process emissions is crucial. In addition, replacing 

carbon-intensive energy sources (combustion of diesel or natural gas) and obtaining high product yields are 

also key. When less carbon intensive energy sources are replaced (e.g. Norwegian electricity mix), process 

emissions should be significantly lower than emissions from municipal incineration to have a lower impact 

on climate change. To NORSUS’ knowledge, there is no other Norwegian actors having a similar technology 

based on syngas. The business was considered at an early phase of development. Testing the prototype under 

Norwegian conditions should be the first step to accomplish together with a selection of research institutes 

and universities having competences in mechanical engineering.  
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1 Background 

As reported in the last IPCC report (2021), “it is unequivocal that human influence has warmed the 

atmosphere, ocean and land. Widespread and rapid changes in the atmosphere, ocean, cryosphere and 

biosphere have occurred”. This means that climate actions should be taken at each level of the society and 

the industrial sector should do its part. 

The yearly amount of plastic waste in Norway is 540,000 tonnes. Of this amount, 130,000 tonnes of material 

are recycled while the rest goes to incineration or landfill (MEPEX, 2020). In this context, it is quite clear that 

there is a large potential for managing the plastic waste in a more sustainable way.  

In 2021, NORSUS developed the Environmental Product Declaration (EPD) for PE-foam boards (ISOLON TX 

Cross-linked PE foam) made for frost and water securing tunnels for Skumtech AS (Skumtech  AS, 2021). The 

conventional waste treatment for PE-foam is incineration. In 2019, Skumtech AS established a sister 

company, Vaia Miljø AS, and bought a prototype of a waste processing machine1 from Italy with the aim of 

high utilization of waste for energy recovery. The prototype is small compared to central waste handling 

facilities and can be used in close proximity to the sources of waste, thereby reducing the need for transport 

of waste. At the same time, the energy generated will reduce the need for energy from other sources. In this 

way, the plastic waste from Skumtech will be recovered locally in smaller facilities instead of being 

transported for long distance (maybe even abroad) or recovered in municipal facilities with lower efficiency. 

The prototype can process different type of waste from plastic, woody biomass (wood chips and pellets) and 

residual waste from agricultural activities. However, in this report we focus mainly on the plastic waste since 

this is the main source of waste from Skumtech, the sister company of Vaia Miljø.  

In summary, the overall goal of the project is to map the potential for commercializing the W2P prototype 

unit acquired by Vaia Miljø from Italy in 2020 for energy recovery of waste and establish cooperation with 

relevant R&D actors. The tasks of the project are the following: 

1. to perform a techno-economic analysis of the W2P technology and how this area can be further 

investigated by relevant R&D environments (task 1) 

2. to develop an industrial plan based on the source of waste that are relevant for the W2P technologies 

(task 2); 

3. to perform a simplified Life Cycle Assessment and map the permissions needed from authorities for 

running the plant (task 3); 

4. to develop a plan for further research and identify the most relevant actors and partners that can 

help in commercializing the prototype (task 4).  

 

 

1 from hereafter named W2P (Waste2Power) 
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2 Introduction 

 ‘’Solid waste management is a universal issue affecting every single person in the world’’ (Word Bank 2018). 

In the era of a sustainable society, the interest towards Waste to Energy technologies (WtE) such as pyrolysis 

and gasification has steadily increased. This is due to the potential to obtain higher efficiency by supplying 

the syngas2  with a more efficient energy conversion device such as a gas turbine/combined cycle (gas 

turbine/CC) or an internal combustion engine compared to traditional WtE technologies such as incineration 

(Dong, Tang et al. 2018). The most modern municipal solid waste incinerator is limited by a low electricity 

efficiency up to about 22–25% (Panepinto, Tedesco et al. 2015). However, the configuration of different 

energy cycles downstream may also affect the overall environmental effects: the consumption and losses in 

gasification and syngas clean-up may cause the overall energy efficiency to be close to, or lower than, 

incineration. Even if pyrolysis and gasification have been applied to waste treatment since the 1970s, their 

commercial application is still limited (Panepinto, Tedesco et al. 2015). The main barriers are due to the 

heterogeneity of the solid waste and syngas purification technologies.  

When evaluating WtE technologies, four typical processes should be considered (see Figure 1): 
(1) pre-treatment (drying and no drying),  
(2) thermal conversion (incineration, pyrolysis and gasification),  
(3) product (heat, syngas tar and char) and energy utilization (steam cycle, gas turbine/combined cycle, 
internal combustion engine) , and 
(4) ash and air pollution control (APC) residues management 

 
 
Figure 1 Example of waste to energy technologies adapted from Dong et al. 2018 

 

2 Syngas, or synthetic gas, is a fuel gas mixture consisting primarily of hydrogen, carbon monoxide, and very often some 
carbon dioxide. The name comes from its use as intermediates in creating synthetic natural gas (SNG). Syngas is usually 
a product of gasification and the main application is electricity generation. Syngas is combustible and can be used as a 
fuel of internal combustion engines.  
 

https://en.wikipedia.org/wiki/Gasification
https://en.wikipedia.org/wiki/Electricity_generation
https://en.wikipedia.org/wiki/Electricity_generation
https://en.wikipedia.org/wiki/Internal_combustion_engine
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A brief introduction to the WtE technologies incineration, pyroloysis and gasification are presented in the 

following sections 2.1.1 , 2.1.2  and 2.1.3  respectively. 

2.1 Waste to Energy technologies 

The three main WtE technologies, i.e. incineration, pyrolysis and gasification, are presented in the following 
sections 2.1.1 2.1.2 and 2.1.3  respectively. 

2.1.1 Incineration 

Incineration is the conventional and most dominant process for thermal treatment of waste. Incineration 

with energy recovery refers to incineration processes where the energy created in the combustion process 

is re-used, for example for power generation https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Glossary:Incineration 

The process is based on the combustion to convert the waste materials into carbon dioxide and water. 

Incineration residues usually consist of small quantities of HCl, S, and other volatile compounds and ash. 

Waste combustion with energy recovery is usually cost-effective only in large, heavily populated 

metropolitan areas.  

In Norway, incineration of waste is providing a large share of the heat for district heating and minor part of 

the electricity production. On an annual basis, 1 MJ of energy in waste will provide about 0.55 MJ of district 

heating and 0.08 MJ of electricity (Tellnes & Rønning, 2019). This will mainly substitute the district heating 

and electricity grid mix in Norway which consists of a high share of renewable energy. 

2.1.2 Pyrolysis 

Pyrolysis is the thermochemical decomposition of material at high temperature in the absence of oxygen or 

in an atmosphere of inert gases. Compared to combustion, pyrolysis has a lower process temperature and 

lower emissions of air pollutants such as polybrominated diphenylethers (PBDEs). The scale of pyrolysis 

plants is more flexible than incineration plants and it generates a combination of solid, liquid and gaseous 

products in different proportions by varying the operating parameters such as temperature or heating rate 

(Czajczyńska, Anguilano et al. 2017). 

For waste processing, a running temperature of 500–550 °C is widely used in industrial plants. The reaction 

temperature, residence time and heating rate are the main factors affecting the proportion of syngas, tar 

and char products. 

2.1.3 Gasification 

Gasification aims to convert mostly solid materials to a fuel or synthesis gas with the highest possible calorific 

value, creating added value products in comparison to the original solid material. The solid material is 

brought into contact with a reactive gasification agent which carries oxygen or – in the case of steam as agent 

– hydrogen into the process. Gasification has the main objective to produce syngas, although the generation 

of tar is inevitable along with the gas (Quicker, Neuerburg et al. 2014). In comparison to pyrolysis, gasification 

occurs at a generally higher temperature: 550–900 °C in air gasification and 1000–1600 °C if using pure 

oxygen, oxygen-enriched gas or steam (Dong, Tang et al. 2018). 

 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Incineration
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Incineration
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3 Techno-economic analysis (task 1) 

The objective of this task was to collect information from the supplier of the W2P prototype and to find 

potential research partners for collaboration in Norway. In addition, a list of relevant suppliers of similar 

technologies, potential customers and industrial actors is provided. 

3.1 Systematize data for W2P 

NORSUS has received large number of printed documents in one luggage and two bags written mainly in 

Italian from Vaia Miljø in April 2021 (see Figure 2). The type of documents varies among hand written notes, 

word documents, data for financial analysis, costs of materials, instructions for software, etc. Appendix 1 

reports a complete list of documents systematized by NORSUS. The documents were translated from Italian 

to English and sorted based on a subjective judgment to be relevant to NORSUS or/and Vaia Miljø. These 

documents regard technical documentation at test trials. The feasibility of the prototype at industrial plant 

is not documented.  

 

Figure 2 Documents regarding W2P.  

Hereafter we illustrate two examples of documents in Italian. Figure 3 lists the operations and phases of the 

process of gasification, while Figure 4 presents the data sheet for W2P with technical information regarding 

the plant type, the nominal electric power (99kWh) etc. 

In summary NORSUS has: 

I. Read through the documents, 

II. Sorted based on an own judgment to be relevant for NORSUS and/or Vaia Miljø, 

III. Translated the main documents from Italian to English, 

IV. Listed the documents in an excel file, and  
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V. Sent the documents to Vaia Miljø for scanning and archiving. 

 

 

Figure 3 Operation and phases of the process of gasification. 

 

Figure 4 Data sheet for W2P. 
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3.1.1 Waste2Power description 

The W2P prototype aims to produce syngas, used as fuel for an endothermic engine that is linked to a 

generator (alternator) for producing electricity and heat. The aim of the prototype is to have “zero 

emissions”, even if this objective is not achieved. This technology is movable, and it can have many different 

applications in Waste treatment plants, in the Manufacturing, Entertainment & Sports, Healthcare and 

Military sectors, in Packaging industry etc. As mentioned above, in this project, the main application is 

assumed to be treating the plastic waste generated during the production of Cross-linked PE foam as 

insulation material for tunnel by Skumtech.  

Figure 5 illustrates the W2P technology. The system is composed in total by 38 units, but 3 are the main 

elements: 

1) main unit 

2) tank 

3) engine cooling module and thermal recovery 

The components of the main unit are: 

1) control panel 

2) reactor 

3) filter station A 

4) filter station B 

In addition, there is other elements such as alternators and valves. 

 

Figure 5 W2P technology system 
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The system starts by a PLC (programmable logic controller) or CONTROL PANEL aiming to control the different 

working phases of the prototype with the fulfillment of the fuel tank (TANK) from where the material is 

transported by augers or hydraulic pistons and inserted in the reactor (REACTOR). The material used for 

feeding the system (e.g. plastic waste) is placed in a pre-storage near the plant directly connected to the 

sifting system. The fuel is loaded in the equipment for pre-drying, and it is going to a reduction process of 

hygrometry. The humidity is used for air/water exchanger. Inside the reactor, after the pre-drying, the fuel 

goes through a molecular degradation, converting it from solid into gas. In the reactor, there are four phases: 

pre-drying, drying, pyrolysis and gasification. The produced syngas is transported to the first filter system 

(FILTER A) having four parallel filters and after that to the FILTER B (where it is treated by cyclonic and 

gravitational treatment). In fact, the syngas includes tar, char and other non-useful elements and it needs to 

be cleaned. The residual materials from the reactor (less than 5%) are ejected into watertight compartments 

to be reintroduced into the reactor until it is completely transformed. The syngas produced feed a 

combustion ENGINE, which, connected to an appropriate generator produce electricity. The exhaust gas of 

the engine is recovered and used for the pre-drying operation. The system works in a close loop, where the 

combusted fuel generates 95% syngas in one cycle. The remaining 5% are residues, which are expelled 

externally and sent back to the system in a second loop for purification.  

The system works in a closed loop, where the combusted fuel generates 95% syngas in one closed cycle. The 

remaining 5% are residues, which are expelled externally and send back to the system in a second loop for 

purification. A simplified draw of the production of syngas in the closed loop system is shown in Figure 6.  

 

Figure 6 Conceptual map of the W2P system 

The floor area requested for W2P is 21 m2, and the average minimum requirement considering accessory set 

is approx. 60 m2. In planning a dedicated building area, it is suggested to calculate an average floor area of 

100 m2 for each W2P, including ancillary space. The estimated lifetime of W2P is 40 years, and the equipment 

has a 5-year warranty. The equipment performance target is 100 kW electric power and 250 kW thermal 

power with a production of 139 Sm3/h of syngas.  

The pictures of the main components of W2P: the tank in Figure 7, the main unit (control panel and reactor) 

in Figure 8and Figure 9, respectively and the  engine in Figure 10 were taken by Clara Valente (NORSUS) 

during the visit to the company Vaia Miljø on the 17th of August, 2021.  
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Figure 7 Tank for storing waste 

 

Figure 8 Reactor 
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Figure 9 Control panel  

 

Figure 10 Engine 

In addition, it is important to analyze the quality and composition of the gaseous fluxes inside and outside 

the W2P by chemical analysis and laboratories samples. An example of the laboratory results for the chemical 

composition of the gaseous fluxes is presented in Figure 11. The fluxes are measured inside the plant (point 

A syngas) and outside (camino, point B) i.e.  exhaust chimney in the atmosphere. 
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Figure 11 Analysis and samples of the composition of gaseous fluxes inside and outside the plant. 

Since the W2P is still at experimental stage, the mass balance and the energy balance are only obtained from 

laboratory tests. In the documentation for W2P there is an example where W2P is fed by woody biomass 

(more specifically wood pellets) (Figure 12) 
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Figure 12 mass balance of W2P when supplied with wood pellets as source of waste 
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3.1.2 Challenges discovered through laboratory tests 

The laboratory tests of the W2P prototype shows some challenges: 

1. The laboratory tests performed did not show the feasibility of the proposed objective, i.e. the zero 

CO2 emissions.  

2. There is no evidence that the reactor works optimally and that the production value of syngas and 

of the energy produced is as expected. 

3. There is also no evidence of the level of TAR, particulate matter, H2S, HCl abatement by means of 

the various components installed. The level of TAR is an important challenge to overcome in 

commercial application.  

3.2 Example of financial analysis of W2P 

Table 1 shows an example of a financial analysis after installing the W2P module in the country of Panama. 

The analysis dates from 2016 and was translated from Italian to English. The yellow cells in the table are 

believed to represent input values in the analysis while the white cells are fixed or calculated values. The 

table should be used as guidance on how to structure a financial analysis for W2P. Specific data on the case 

in Panama was not available, except the assumed waste compositions. This was 44.25% organic waste, 10% 

worn tires, 5% paper, 1.9% glass, 7.75% cardboard, 3% metals, 11.7% plastics, 3% wood, 3% textile and 11.3% 

other material.  

Table 1 Example of financial analysis, yellow cell represents input parameters, white cells represent fixed or 
calculated values 

GENERAL 

el. required (produced by W2P) 200 kwh 

thermal energy required 0 kwh 

n. of installed machine 1  

kg/h 176,85  

ton/year 1481,28  

year of use of generator 10 year 

hour of used yearly 8376 hours 

n. kw of energy el.per year 1675200 kW 

n. kw thermal yearly  kW 

n. of kg of fuel load purchased per year  kg 

Variable costs 

Materials  euro 

Work  euro 

Different costs  euro 

Maintenance  euro 

Cost of waste management  euro 

Electric energy expenses  euro 

kwh used el.energy  kWh 

cost of el.energy per kw  euro 

expenses for thermal energy   euro 
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cost of thermal energy per kw  euro 

kw used for thermal energy  kW 

expenses for other sources of energy  euro 

Fixed costs (incl. installation) 

Investment cost W2P 1103000 euro 

cost of main unit 620000 euro 

cost of auxilaires element  483000 euro 

Total operative cost 25000 euro 

various expenses  euro 

maintenance cost 25000 euro 

cost of material for fuel load   euro 

working cost  euro 

other resources  euro 

Revenue from sale of electricity per year 234528 euro 

Savings on the operative cost 209528 euro 

Other data 

non financial capital  euro 

annual interest  % 

years of financing  year 

years multi-year depreciation 1 year 

state financing  euro 

year allowed by law 1 year 

share of annual grants  euro 

price of thermal energy per kw  euro 

price of el.energy per kw 0,14 euro 

Internal use of el.energy per kw per year 0 kW 

kw sent to the el.grid 1657200 kW 

revenue from the selling of el. energy yearly 234528 euro 

profit before tax 209528 euro 

Cumulative cash flow to 10 years 

payback in year 5,26  

return on investment ROI -11,16 %  

return on common equity (ROE) 89,96 %  
 

To estimate work and maintenance costs during operation of W2P, Table 2 can be used. The table was 

provided by the W2P technology supplier and gives an overview of the different activities in the process, 

their manpower requirement, material use and cost. 

Table 2 Example of calculation per manpower 

Craftsmanship Materials used Material costs Timeuse (1 men/h) 

1. basic cost of the plan   20 h*1 man 

2. support to reactor   2,5h*1 man 

3. support to filter A   1h*man 



 
 

14 
 

Waste 2 Power (W2P) – high value energy recovery of plastic waste   

4. support to filter A 
(external pipe) 

 
 1/2h*man 

5. filter A (particular 
reduction of coni) material 
and work per 1 filter 

 
 no data 

6. filter A, assembly n1 
filter 1+2 

 
 no data 

7. piping filter A   no data 

8. reactor   no data 

9. intake of combustion air   no data 

10. residues   no data 

 

3.2.1 Costs and revenues for a Norwegian case 

Based on the data from Table 1, a preliminary economic analysis was made for W2P in Norway. To perform 

the analysis, the absolute minimum amount of case specific data was collected. The analysis shown in Table 

3 should therefore be seen as a first step towards a more detailed analysis. Getting more accurate data for 

the energy efficiency of W2P, the operational costs, challenges, disruptions, the financing need, and capital 

cost are believed to be essential to perform a more realistic analysis. In addition, one should also investigate 

the influence of an increased price on CO2. As mentioned in KLD (2020), the price on CO2 is expected to 

increase over the years, from 149 NOK per tonne CO2 to 2,000 NOK per tonne CO2 in 2030. Although this 

price is currently targeted towards incineration plants, it is not unthinkable that this will be expanded to 

other waste to energy technologies. Material recycling options could therefore become more beneficial.  

The data collected for this prelimimary analysis is:  

• Alternative waste treatment cost: Approximalty 1500 NOK / tonne plastic waste 

• Electricity price during summer: 36.34 øre3 / kwh (April – August) 

• Electricity price during summer: 74.8 øre / kwh (October – Mars) 

Table 3: Preliminary financial analysis for W2P in Norway 

Investment cost Amount Unit 

Purchase W2P on containers 11 000 000 NOK 

Lifetime 10 Year 

Annual waste treatment 1 500 Tonne per year 

Treated waste over the life cycle 15 000 Tonne per year 

Cost investment per tonne 733 NOK per tonne 

Operating costs 

Annual maintenance 250 000 NOK 

Maintenance per tonne 167 NOK per tonne 

Personnel cost, assumes one person 20% 200 000 NOK per year 

Personnel cost, per tonne 133 NOK per tonne 

Total operating costs 300  NOK per tonne 

Revenue 

Gate fee plastic waste from Skumtech 1 500 NOK per tonne 

 

3 100 øre is 1 NOK 
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Electricity price 0,36 NOK per kWh 

Electricity production per year 1 657 200 kWh per year 

Electricity production per tonne 1 105 KWh per tonne 

Electricity production per year after treatment 1 657 200 kWh per year 

Income electricity, per year 596 592 NOK per year 

Income electricity, per tonne 398 NOK per tonne 

Total income 1898 NOK per tonne 

Investment costs 733 NOK per tonne 

Operating costs 300 NOK per tonne 

Revenue 1898 NOK per tonne 

Results 864 NOK per tonne 

 

3.3 Potential research partners for Norwegian conditions 

Table 4 presents actors relevant for waste gasification in Norway, which have been identified over the course 

of the project. The type of activity, the product, the geographical location, and comments are listed in the 

table. 

Table 4 Actors relevant for waste gasification in Norway 

Name Activities Product Location Comments 

Supplier of technology 

CH Evensen 
Manufacturer of 
industrial furnaces 
since 1934 

Pyrolysis 
equipment to 
biochar 

Fredrikstad 
Collaboration 
with NORSUS  

Scandi Energy 
R & D and now 
commercialization 
of gasification 

Pilot plant in 
Turkey 

Oppegård 
Ongoing 
collaboration 
with NORSUS  

Biofuel development 
Technology 
development 

Gasification to 
jetfuel 

Fredrikstad 
NORSUS has 
performed 
LCA 

Energy Innovation AS 
Competence 
company for wind 
energy  

Course, 
certification 
and R&D 

Egersund 

Developer of 
energy 
system to 
Eigerøy 

RENOvest 
Collection and 
transhipment, sale 
of waste 

Renovation 
service 

Telemark 

Transport of 
waste from 
cabin. 
Previous 
collaboration 
with NORSUS  

Movar  
Collection and 
transhipment, sale 
of waste 

Supplier of 
water, 
sewage, 
renovation 

Viken 
Known by 
Vaia Miljø 
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and fire 
services 

Energos technologies 
Technology 
provider 

supplier of 
small-scale 
clean energy 
recovery from 
waste plants 
and 
technology. 

Arendal  

Research and consultancy 

SINTEF Energy research Research institute 
Research in 
pyrolysis 
(laboratory) 

Oslo  

NORSUS Research institute 
Environmental 
analysis (LCA) 

Kråkerøy 

Ongoing 
collaboration, 
EPD for 
Skumtech 

Norsk Energi 
Consultancy 
specialist in thermal 
energy 

projects 
focusing on 
energy 
efficiency 

Oslo (main 
office) 

 

Høgskolen i Østfold 
Bachelor and 
master program 

Research 
project and 
student thesis 

Fredrikstad 

Ongoing 
collaboration 
in Greenbizz 
project 
(NORSUS) 

PFI-rise Research institute 
Research in 
pyrolysis 
(laboratory) 

Trondheim 
Ongoing 
collaboration 
(NORSUS) 

University of Agder, Grimstad 
Department of 
Engineering 
Sciences 

Research 
project in 
gasification 

Grimstad  

Industrial organizations 

Norsk Industri, bransje for gjenvinning 
(The Federation of Norwegian 
Industries) 

solutions within 
waste collection, 
recycling, final 
treatment etc.  

Courses and 
studies. Policy 

Oslo  

Avfall Norge 

Industrial 
organization for the 
waste and recycling 
industry. 

Courses and 
studies. Policy 

Oslo  

Potential customers 

Statsbygg 

Develops and 
operates 
government 
buildings 

Pilot building Evenstad 

facilities for 
gasification 
of wood 
chips for 
cogeneration 
in the 
University 
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Campus of 
Innland 
University 

Small scale municipalities Producer of waste services Norway  

Den Norske Turistforening (DNT) Producer of waste tourism Norway  

Farmers Producer of waste crops Norway  

TINE and other industries Producer of waste Food etc. Norway  

Greenhouse Producer of waste Food products Norway  

Industries using gas  Producer of waste 
Building 

materials etc. 
Norway  
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4 Industrial plan (task 2) 

The objective of the industrial plan is to map waste sources to be potentially used in W2P. According to the 

technology supplier, the W2P module can handle different waste types, ranging from biomass to plastic 

resources. Furthermore, the gasification module can be transported to where the waste is generated, and 

electricity can be used locally. This leads to a variety of possible waste resources that should be considered. 

To limit the scope, we have focused on plastic waste only. This chapter gives an overview over the plastic 

waste streams in Norway.  

The report from Syversen, Sundt et al. (2020) shows that 3.1 M tonnes of plastic products are used in Norway, 

whereof approximately 540 000 ton become waste each year. The single biggest product group is plastic 

packaging, which accounts for almost 40% of the yearly plastic waste stream. Currently only 30% of this is 

sent to material recycling, most of it through the systems of extended producer responsibility. Targets set by 

EU aim at reaching 55% material recycling for plastic packaging materials by 2030. Increased focus on 

material recycling of plastic packaging waste can therefore be expected, hence it is questionable whether 

plastic packaging waste should be a targeted as a waste resource for W2P.  

The building sector also generates significant amounts of plastic waste (40,000 tonnes / year). One can see 

that only a small fraction is sent to material recycling (approximately 20%). Assuming that the residual 

amount is sent to incineration, there is a potential to source a part of this plastic for W2P. Given the possibility 

of transporting the W2P module to the construction site, especially projects located far from an incineration 

plant could be targeted. A pilot project with a construction company is advised to test the feasibility of this 

scenario. The aquafarming sector could also be relevant given the geographical characteristics of this sector. 

However, recent projects show that plastics from aquafarming are a rather high quality and homogenic waste 

type. Hence material recycling is often the preferred waste treatment option even with long transport 

distances (Callewaert, Askham et al. 2021). 

Figure 13 shows the plastic demand by segment and polymer type in 2019, in Europe. In line with the 

Norwegian statistics presented above, the packaging and the building & construction sectors are major 

consumers of plastic products. LDPE, HDPE, PP and PET are the main plastic components used by the 

packaging sector. Other plastic types are less important in this sector. The building & construction segment 

on the other hand mainly demand PVC and to a lower degree LDPE, HDPE and PP. EPS, PC, PUR and other 

“technical” plastics are also more commonly used by the building & construction sector. Figure 13 shows that 

the composition of plastic waste could vary signficantly from sector to sector. As some plastics are more 

appropriate for gasification than others, one should take this variety into account when developing a business 

case for W2P.  
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Figure 13: Plastic demand by segment and polymer type in 2019. Source: PlasticsEurope (2020). 

Finally, the W2P module has the possibilty to generate electricity, heat, and pure syngas. When targeting 

more remote construction sites, the energy should be used locally for example by the building machines. 

Increased focus on zero emission construction sites and the electrificiation of building machines could 

trigger an interest in this technology. However, as the gasification technology is not emission free, one 

could also see some challenges.   



 
 

20 
 

Waste 2 Power (W2P) – high value energy recovery of plastic waste   

5 Environmental performance and permissions (task 3) 

The objective of the task number 3 is dual:  

1. To perform a simplified Life Cycle Assessment of the proposed W2P module.  

2. To find the requirement from the Norwegian authorities for this type of pilot plant and how it should 

be tested.  

5.1 Simplified Life Cycle Assessment 

A Life Cycle Analysis (LCA) of WtE technologies is seldom performed other than for incineration, mainly 

because the number of pyrolysis and gasification plants is quite limited (Dong, Tang et al. 2018). In response 

to this, Dong, Tang et al. (2018) conducted an LCA study based on both theoretical and real case studies of 

several commercial plants, one of them being the commercial plant “Lahti 2” located in Finland. The plant 

has an annual capacity of treating 250,000 tonnes high calorific waste unsuitable for mechanical recycling. 

The waste is first gasified by a circulating fluidized bed reactor up to 900 °C. The gas is afterwards cooled at 

400 °C to remove heavy metals and particulate matter. The plant attains a net electricity efficiency of 27% 

and a 61% net heat efficiency (Savelainen and Isaksson 2013). The plant has an extensive flue gas cleaning 

system and bottom ash is removed and sent to landfill disposal.  

The theoretical results from Dong, Tang et al. (2018) show that gasification and pyrolysis could result in lower 

environmental impacts for terrestrial eutrophication, photochemical ozone formation (human health) and 

ecotoxicity compared to incineration. Impacts on climate change and human toxicity (via solids) could 

potentially increase compared to incineration. However, it should also be mentioned that gasification in 

combination with a gas turbine (instead of a steam turbine or internal combustion engine) resulted in a lower 

impact on climate change compared to incineration.  

Direct emissions for the different technologies showed to have an important impact on the overall results, 

especially related to the impact on climate change since the treated waste was mainly fossil based. The 

environmental savings from the substituted energy production were also of vital importance for impact 

categories like climate change, acidification, terrestrial eutrophication and photochemical ozone formation. 

This means that the environmental benefit of waste to energy plants is dependent on the avoided energy 

mix and its carbon intensity. 

In what follows, a simplified LCA for the W2P module is conducted. The analysis includes four gasification 

scenarios and one municipal incineration scenario (the reference scenario). The four gasification scenarios 

test the impact of the type of product (energy carrier) which is produced by the W2P module. In the first 

scenario (S1), electricity is produced. This is assumed to fulfil demand otherwise met by the Norwegian 

electricity mix. In the second scenario (S2), this electricity is assumed to replace diesel used in building 

machines. The third scenario (S3) includes the production of both heat and power where the produced power 

replaces the Norwegian electricity mix and the produced heat replaces heat produced from natural gas. The 

fourth scenario (S4) includes the production of syngas which replaces the use of natural gas in other 

applications. Hence, the combustion of syngas or natural gas, and the difference between, is not included in 

the analysis. This means that the avoided emissions from S4 could be underestimated. The reference scenario 

(S0) represents the incineration of plastic waste and the production of heat which is used in the Norwegian 

district heating system. An overview of the scenarios is given in Table 5, the data used in the analysis is 

presented in Table 6 and Table 7.  
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Table 5: Scenario overview  

Scenario Treatment Produced product Avoided product 

S0 Incineration Heat District heat mix 

S1 Gasification  Electricity Electricity 

S2 Gasification  Electricity Combustion of Diesel 

S3 Gasification  Heat and electricity Electricity and heat from natural gas furnace 

S4 Gasification  Syngas Natural gas production 

 

Table 6: Input data and references 

Gasification 

LHV plastic waste 40 MJ/kg  Assumption, mainly polyolefins in waste mixture 

Electrical Efficiency 27%   Savelainen and Isaksson (2013) 

Thermal efficiency 61% Savelainen and Isaksson (2013) 

Cold gas efficiency 70%   Savelainen and Isaksson (2013) 

Waste transport to W2P 10 km  Assumption 

Incineration  

Thermal efficiency 80%  Lausselet, Cherubini et al. (2017) 

Waste transport to 
incineration 100 km  Assumption 

 

Table 7: Sources used to calculate the emission factors 

Process Process name in Wernet, Bauer et al.(2016) 

Waste transport Transport, freight, lorry 16-32 metric ton, EURO6 (RER) 

Electricity Electricity, low voltage (NO), market for 

Heat (natural gas) Heat, district or industrial, natural gas, (Europe without Switzerland) 

Diesel  Diesel, burned in building machine (GLO) 

Plastic incineration 
Waste plastic, mixture (CH), treatment of, municipal incineration with fly ash 
extraction 

District heating 
Heat, for district heating, Norwegian production mix, without waste 
incineration or ambient heat, at plant 

Natural gas 
production Natural gas, high pressure, (Europe without Switzerland), market group 

Electricity Electricity, low voltage (NO), market for 

Heat (natural gas) Heat, district or industrial, natural gas, (Europe without Switzerland) 

Diesel  Diesel, burned in building machine (GLO) 

Plastic incineration 
Waste plastic, mixture (CH), treatment of, municipal incineration with fly ash 
extraction 

District heating 
Heat, for district heating, Norwegian production mix, without waste 
incineration or ambient heat, at plant 

Natural gas 
production Natural gas, high pressure, (Europe without Switzerland), market group 
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Figure 14 shows the impact on climate change for the five scenarios. The impacts are categorized under 

transport emissions, process emissions and avoided emissions. Transport emissions show the impact from 

transporting the waste to the W2P module or to the incineration plant. Figure 14 shows that these emissions 

are negligible in all scenarios. The process emissions in the gasification scenarios are assumed to be 2.5 kg 

CO2e / kg plastic waste treated. This is based on the impact from plastic waste incineration; hence the 

assumption is conservative. The impact from lower process emissions for the W2P module is analyzed in 

Figure 15. Finally, the avoided emissions in each scenario are shown in yellow. 

One can see that only S2 and S3 have a lower impact on climate change than the reference scenario. This is 

mainly due to the avoided products (diesel in S2 and heat and electricity in S3). The lower transport distance 

for the gasification scenarios compared to the reference scenario (10km vs 100km) does not influence the 

overall results. If the processes emissions from the W2P module are similar to those from incineration, one 

should aim at producing products that replace products with a higher impact on climate change than the 

average district heating mix in Norway.  

 

Figure 15 shows the impact of the process emissions from the W2P module on the total (net) emissions for 

each scenario. For example, when process emissions equal 2.5 kg CO2e (as shown in Figure 14), S3 is the most 

beneficial, followed by S2, S0, S4 and S1. Since the process emissions are changed in each scenario (except 

the reference scenario), the ranking of the gasification scenarios won’t change, only their ranking relative to 

the reference scenario. This means that S1 is better than S0 when process emissions are lower or equal to 

2.1 kg CO2e. For S2, S3 and S4, this “break-even” point is 3 kg CO2e, 3.3 kg CO2e and 2.3 kg CO2e respectively.  
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Figure 15: Net impact on climate change under varying process emissions for the W2P module.  

5.2 Need for permissions 

The need for permission was mapped during the webinar organized by the Norwegian Environment Agency, 

Norwegian Industry and the Norwegian Association for Hazardous Waste arranged on the 25th May, 2021. 

Due to implementation of new EU regulations, there might be stricter requirements in 2022. The Norwegian 

Environment Agency explained how to apply for permissions, and which are the requirements according to 

the waste regulations. In these regulations, gasification is categorized as combustion when the flue gas is 

oxidized. An exception is, however, if the flue gas is purified so that it does not produce higher emissions 

than when burning natural gas. 

A waste treatment plant must comply with Best Available Technology (BAT), i.e. technology approved by 

legislators or regulators for meeting output standards for a particular process. The BAT is defined by the EU 

Commission to obtain a permission to make a gasifier operational. For gasification, this is covered by the BAT 

for waste incineration (Neuwahl, 2019) and the requirements are set within the following categories: 

1- Environmental management 

2- Emission monitoring 

3- General environmental and incineration performance 

4- Energy efficiency 

5- Emissions to air 

6- Discharge to water 

7- Material efficiency 

8- Noise 

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

0,5 1,0 1,5 2,0 2,5 3,0 3,5

K
g 

C
o

2e
. (

n
et

to
)

Kg CO2e. (process emissions)

S1

S2

S3

S4

S0



 
 

24 
 

Waste 2 Power (W2P) – high value energy recovery of plastic waste   

6 Further research activities (task 4) 

The objective of task 4 was to organize a workshop where also relevant partners were invited. 

6.1 Workshop  

On the 17th of August, 2021 NORSUS organized a workshop with Vaia Miljø and Høgskolen i Østfold. The 

main goal of the workshop was to generate ideas, increase knowledge and thinking about potential actors 

and research partners for a future research project. The associate professor Gunnar Andersson, coordinator 

of the Innovation and project management program at Faculty of Engineering at Høgskolen i Østfold, 

participated in the workshop since he has experience in innovation processes and value creation in 

collaboration with regional public and private businesses.  

The objective of the workshop was to present the work performed by NORSUS and to discuss possible future 

research activities.  

So far, the business was considered at a too early phase of development to move towards European or 

International projects. Indeed, regional research that contribute to increased innovation in business sector 

and increase the collaboration between R&D institution and private sector seems more adequate. Hence, 

the regional funding for qualification projects from the Research Council under the call "Regionalt 

innovasjonsprosjekt i næringsliv» seems more appropriate. https://www.regionaleforskningsfond.no/viken/ 

The conclusion of the workshop was that the project is interesting. However, the legal authorization is a 

crucial element since the technology should not release harmful substances. NORSUS has limited 

competence in mechanical and chemical engineering. Therefore, we recommend a closer collaboration with 

the engineering department at the University for discussing and developing technical aspects of the 

prototype. NORSUS can assist on project development, but with the purpose of assessing the environmental 

performance of the technology.  

Following the workshop, Vaia Miljø was put in contact with the associate professor Olav Aaker at the 

department of mechanical engineering at Høgskolen i Østfold, who is following up opportunities for future 

research activities. 
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7 Conclusions and ambitions 

Skumtech, the sister’s company of Vaia Miljø, has extensive experience in developing new solutions for 

tunnel construction, but it has little experience with R&D activities. For commercializing the prototype, a 

collaboration with appropriate R&D actors such as mechanical and chemical engineering departments at 

university or research institutions is recommendable.  

The topic of the project is considered relevant for environmental technology to be used in the development 

of industrial plan, since the WtE technology can be also used in synergy with the small and medium-sized 

enterprises in proximity of Vaia Miljø. Even if there are small companies using gasification, Vaia Miljø has 

based its technology on syngas and to NORSUS knowledge we could not find any other relevant Norwegian 

actors having a similar technology. Alternative Waste to Power technology as Vaia Miljø prototype are only 

operable and economically viable when in compliance with the Best Available Technology requirements. 

The business was considered at an early phase of development. Indeed, it does not seem appropriate to 

involve international partners in research activities at this stage. Testing the prototype under Norwegian 

conditions should be the first step to accomplish. 
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Appendix 1  

List of translated documents from Italian to English regarding W2P prototypes 

name in Italian translation comments 
NOR
SUS 

Vaia 
Miljø 

quadro elettrico 
impianto HPG -QEHPG  electrical cabinet  characteristics of electrical cabinet no 

yes 
(may
be) 

design of mass balance 
for HPG 100 wood 
pellet mass balance  wood pellet wood pellet main raw material 

yes(
may
be) 

mayb
e 

appunti a mano several notes by hand no no 

magazzino management of goods in the storage no no 

offerta lots of schedules for buying materials, equipements no no 

disegni 
design and drawn of 
different part of W2P 

designer and inventor: Massimo 
Gazzetta no 

yes 
(may
be) 

modulo di consegna 
dpi many individual protection schedule no 

mayb
e 

note tecniche technical notes technical notes for each parts no 
mayb
e 

dati statistici, riesame 
periodico, 
miglioramento qsa statistical data, periodic assessment no no 

caratterizzazione flussi 
gasssosi 

characteristics of flugases 
(syngas) %CO2, C2H6, H2, O2 etc. yes yes 

preparazione offerta 
secondo OHSAS 18001 

offer preparation based on 
OHSAS (Occupational 
Health and Safety 
Assessment Series)  no 

mayb
e 

ABB documents offer automation bulder, hardware  no 
mayb
e 

descrizione HPG  description of W2P yes yes 

istantanea finanziaria economical analysis yes yes 

costi materie costs of materials  first, II, III and IV year yes yes 

indice SGQ-lista 
documentazione 

SGQ-documentation list (quality management system) for ISO 
certification no 

mayb
e 
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rischi e opportunita' 
modello base-bozza 

opportunities and risks 
(schedule) 

financial, competition, costumers and 
suppliers' management risks, risk for 
innovation, law risks etc. 

may
be 

mayb
e 

liste di materiale purchased materials (english italian) no no 

M2M-ABB user guidelines for ABB M2M devices no 
mayb
e 

ABB manuale utente-
convertitore di 
frequenza utility manual frequency converter ABB ACS355 no 

mayb
e 

ABB documents offer automation bulder, hardware  no 
mayb
e 

dati cliente costumers data no no 

WD elements WD elements basic storage stockage simplement no 
mayb
e 

categoria excel file 

categories with different 
value for raw materials 

incl.plastic  yes yes 

N.A. report from Kartosan in turkish no no 

N.A. presentation in spanish no no 

N.A. 
different documents for describing different equipments for sheet 
moulding, cutting with laser etc. no no 

N.A. offer to Kartosan cardboard industry in Turkey 
may
be 

mayb
e 

N.A. 
 report on status of alternative techniques for thermal waste 
tretament  

yes-
may
be no 

documenti di transport 
many transport documents 
with quantities and prices bolts n.20 price 0,085 euro per piece no 

mayb
e 

modulo di consegna 
D.P.I 

individual protection 
schedule gloves, masks etc. no no 

distinta materiali list of material per group e.g. reactor support no no 

scritto a mano 
sketch of the working flow 
by hands 

how it is working the gasifier in the 
different phases yes yes 

funzionamento del 
process di 
gassificazione process of gassification (description) yes yes 

distanta base 
lavorazioni HP&100 

strcutural elements with 
timeuse per worker e.g 3h/1 manpower for measurment 

may
be yes 
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materiali isolanti insulation material  no no 

rischi ed opportunita' 
modello base 

risk and opportunities for 
client and producer financial risks 

may
be 

yes 
mayb
e 

elenco fornitori list of suppliers no no 

disegni 
design of different part of 
the hpg 100 with weight e.g. bypass filter,  no 

mayb
e 

libro verde green book  

bootloader USB(pc program), CEZA 
electronic system guidelines for 
pellets stoves) no no 

siemens turbine a 
vapore fino a 12MW 

siemens pre-designed 
steam turbines (max 12 
MW) 

description of each different type of 
turbines  no no 

ISO 9692-1 

ISO standard 9692-1 
(manual metal arc, gas 
shielded metal arc 
welidng, gas welding, TIG 
welding and beam welding 
of steels)  no no 

prezziario list of price    
may
be 

mayb
e 

gassificator gassifier prices for each piece of the gassifier 
may
be 

mayb
e 

bulloni bolts (bolter på norsk) prices for each piece  
may
be 

mayb
e 

tubi e lamiere 
tubes and sheets (rør og 
ark) prices for each piece  

may
be 

mayb
e 

filetti thread (fileter?) prices for each piece  
may
be 

mayb
e 
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