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SirkulærPlast: LCC, scaling and REACH assessment.  

Preface 

This report summaries three different activities performed during the SirkuærPlast project.  

Life cycle costing (LCC) in SirkulærPlast 

This section outlines the application of life cycle costing (LCC) principles. A general background to LCC 

is followed by a summary of how LCC is applicable in the SirkulærPlast context, followed by a summary 

of the outcomes within the project. 

 

Potential broader effects of the project, Scaling 

The project as a whole has realised a reduction in demand for virgin plastic for some product 
applications. This part of the report assesses the potential effects of the project were the outcomes 
applied at a broader regional or national scale. If the gains achieved in the SirkulærPlast project were 
applied to all plastic product producers in Norway, then this could achieve a 3-5% reduction in plastic 
use nationwide.  

A 3% nationwide reduction corresponds to around 10 000 tonnes of plastic and hence 30 000 tonnes 

CO2-equivalents, also 800 TJ of energy. Norway’s total CO2 emissions for all activities are around 50 

million tonnes per annum and the total energy consumption is around 328 TWh or 1.2x1018 J.  

This means that the project outcomes afford the possibility of reducing Norwegian national CO2 

emissions by around 0.6% and total energy consumption by around 0.07%. 

 

REACH Assessment 

In order to be able to assess the toxic effects in an LCA perspective, the input data needs to include 

information about the raw materials and chemical compositions of the relevant additives. This was not 

possible to obtain due to confidentiality and competition aspects associated with additives for plastics, 

as well as reluctance to disclose potential environmental hazards, which limits access to this kind of 

information. However, under REACH all additive suppliers are required to provide a safety data sheet 

that provides the users with information about potential hazards and remediation measures. These 

datasheets were used to obtain information about hazard labelling (relevant for REACH) and safety 

precautions advised for each of the additives assessed. 
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1 Life cycle costing (LCC) in SirkulærPlast 

This section outlines the application of life cycle costing (LCC) principles within the SirkulærPlast 

project. A general background to LCC is followed by a summary of how LCC is applicable in the 

SirkulærPlast context, followed by a summary of the outcomes within the current project.  

1.1 General background to LCC 

 
Life cycle costing (LCC) is an increasingly prevalent element of the sustainability assessment of 

products and services. Alongside environmental life cycle assessment (LCA) and social life cycle 

assessment (S-LCA), LCC forms part of the life cycle sustainability assessment (LCSA) methodology 

established through the United Nations Environmental Programme (UNEP) – see Ciroth et al. (2011). 

This reflects an increasing focus on the “triple bottom line” of environmental, social and economic 

sustainability – with the LCC element allowing economic sustainability aspects to be clearly identified, 

thereby set against sustainability across the other two pillars.  

LCC involves assessment of all costs associated with the life cycle of a product. This includes phases of 

supply, production, use / consumption and end-of-life. LCC in general has been fairly widely used in 

industry, especially for projects with a long lifetime and/or considerable costs for maintenance, 

disposal, etc. Nonetheless it is often overlooked in terms of narrower cost assessment techniques 

focusing principally on capital costs and considering criteria such as simple payback. 

The key differences between LCC and traditional costing approaches are as follows: 

• Temporal focus is normally fixed in traditional costing (e.g., annual accounts) but is variable in 

LCC, spanning the life cycle of the product or service in question. 

• LCC may include expanded boundaries in several ways, including costs incurred by different 

actors and also paying attention to costs relating to use, maintenance and disposal which may 

be absent in traditional costing focusing more on initial procurement. 

• LCC has the scope to include so-called externalities, such as the costs related to environmental 

impacts caused along the life cycle of the product or service, which are typically absent in 

traditional approaches. LCC cannot be considered to be an “environmental accounting” type 

of method unless and until such externalities are factored-in, but there is scope to do so.  

LCC is typically used to evaluate procurement options for new assets (much like traditional costing 

approaches, but in a broader, life-cycle perspective) and/or to inform decision making in minimising 

costs across the entire life cycle of an asset. These lead to the more specific applications as follows: 

• Knowledge development: identifying parts of the technical solutions that make the major 

contributions to life cycle costs. 

• Decision support: Testing potential modifications / replacements to the major cost drivers; 

comparing different ideas / options on the basis of life cycle cost; providing support to 

budgeting and planning. 

• Information Exchange and Communication: Conveying of priorities across the business or to 

customers; documenting the range of solutions being investigated; highlighting and 

documenting the background for choices made (for internal or external stakeholders).  
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1.2 Outline of the LCC approach 

 
This section provides a walk-through of the LCC approach. LCC can be accompanied by a 

complementary LCA with certain equivalent features (goal and scope, and functional unit). There is 

considerable complementarity of the approaches and many opportunities to combine / consider the 

information arising from the approaches in an integrated fashion. One principal benefit of the LCA 

approach is the identification of (environmental) “hot-spots”. LCC allows the identification of the 

major cost “hot-spots”. Thus, if the goals and scopes of the LCC and LCA studies are properly aligned 

(i.e. functional units and system boundaries are essentially identical) it becomes possible to directly 

relate:  

• the effect of cost changes on the environmental impact (could be beneficial or harmful) can 

be assessed 

• the reverse is also possible; the effect of environmental improvements on cost can be 

assessed 

 

Hence, the composite LCA / LCC approach supports the trading-off between environmental and 

overall economic targets or effects across the whole life cycle. This can be thought of as a move 

towards a more complete view of sustainability than that offered by LCA alone. The stages of the LCA 

process are specified in the relevant ISO standards (ISO 14040-44) and to some degree the LCC 

approach runs in parallel. The stages are: 

• Goal and scope (G&S) definition: this should state the intended application, the reasons for 

carrying out the study and the intended audience (to whom the results are to be 

communicated). This is common to the LCC and any complementary LCA approaches. 

 

• Inventory Analysis (Life Cycle Inventory, LCI): this involves the collection and analysis of all 

relevant information concerning the relevant environmental / economic factors. Note that the 

relevant factors must be clearly defined / identified during the goal and scope phase; such is a 

key aim of that phase. 

 

• ”Life Cycle Costing” (LCC): in this context the term is used to describe the workflow for 

calculation of life cycle cost (and any necessary data collection for LCC, over and above that in 

the common LCI step). This stage might be conceived as cost impact assessment, i.e. the 

economic analogue of the environmental impact assessment step that is LCIA. 

 

1.2.1 Goal and scope 

 
Functional Unit 

LCC is by definition based on the notion of a functional unit. It accounts for the impacts 

(environmental or economic) of a product in terms of its functional performance. The need for a 

functional basis is perhaps most obvious when using the technique for comparative purposes.  
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Suppose, for example, a recycled plastic product was to be compared against a potential alternative. A 

straightforward kilo-for-kilo comparison is only appropriate if the two alternatives perform identically 

(that the same amount of material is needed to fulfil the function). The principal importance of the 

functional unit is that all life cycle inventory data (mass and energy flows for LCA and “cost flows” for 

LCC) are normalised according to it; this ultimately allows impacts to be calculated and results to be 

presented in terms of the functional unit. 

System boundaries 

In general, where the life cycle of a given product begins or ends is unclear. Life cycles of different 

products necessarily and inevitably overlap, and in the most general sense any given product’s life 

cycle could be considered to extend almost indefinitely. An exaggerated example perhaps helps to 

illustrate. In identifying the life cycle of a plastic product, we note that raw materials are transported 

by lorry from source to production facility. We suppose that the costs (for LCC) associated with that 

transport, via the use of diesel, are reasonably included in the inventory for the life cycle. However, a 

question then arises regarding the production of the lorry itself. More accurately, the degree to which 

the lorry’s life cycle needs to be included in the life cycle analysis of the coating solution must be 

considered. These considerations could be extended almost indefinitely, in principle leading to 

considerations such as: the use of fossil fuels connected with the extraction of borates used in the 

manufacture of glass in the windscreens of the lorries transporting the raw materials for the plastic 

product.  

Clearly, “lines must be drawn” and this is the business of setting and defining system boundaries. 

Impacts / costs that are far removed from the core system will not have much bearing on the core 

system in practice, and this is handled through cut-off considerations. Components of the extended 

system that directly contribute less than a certain percentage of total mass flows for the core system 

are not included. Other examples of system boundary considerations include: 

• Cut-off boundaries for “relevance”: if the study in question is considering alternatives / 

changes to certain parts of a product system, processes that are not under consideration (i.e. 

processes that are not subject to change) might reasonably be considered irrelevant and 

therefore excluded. 

• Geographical boundaries: these consider whether the study is of a local, national, or 

international nature 

• Temporal boundaries: these might refer to temporal issues relating to data collection and/or 

to the assessment of impacts and costs.  

 

Appropriately drawn system boundaries allow the collection of the appropriate inventory data. When 

one sets system boundaries, one defines the level of detail in which the product system will be studied 

and which emissions (and costs) will be evaluated. It is important that decisions to omit life cycle 

stages, processes or data are clearly stated and justified. In order to help define system boundaries a 

product tree (or a product network) is drawn. This product tree should include all life cycle stages and 

unit processes involved, including transportation. The functional unit is the basis for which the product 

tree is drawn. 

System boundaries are intimately connected with the more general considerations of goal and scope.  

The intended application of the study, the assumptions made, and the intended audience all affect 
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these choices. More practical considerations, such as the “collectability” of inventory data and cost / 

time considerations on the study itself, also affect the system boundaries. This makes it important that 

these aspects are documented clearly. 

 

Allocation 

Allocation is the partitioning of the input or output flows of a unit process to the product system 

under study. Allocation is needed when a unit process in a product’s life cycle has more than one 

product or raw material, which is part of another life cycle. This means that it is not correct to allocate 

all environmental burdens from the unit process to just one of the products. There are several 

possible methods that can be used for allocation. The two methods that are most commonly used are 

mass allocation and economic allocation, but others such as volume and energy-based allocations can 

be used where appropriate. 

Mass allocation 

 

 

 

Mass allocation is based on the mass flows through 

the unit process and is illustrated in this diagram. 

The percentage (X) of a given flow (M), contributing 

to a given product (P), through a given unit (U) has 

been calculated. This same percentage (X) is then 

used as the percentage of the environmental 

burdens (B) arising from the unit which are allocated 

to the product (P). Thus, if a product uses 37% of the 

mass flow, it is assigned 37% of the environmental 

burdens. 

 

Economic allocation 

 

 

 

Economic allocation is based on the sales price of 

the products produced and is illustrated in this 

diagram. Products P, Q and R are produced from the 

unit process (U). Their sales prices are p, q and r 

respectively. Product P is therefore allocated the 

fraction p/(p+q+r) of the environmental burdens (B) 

arising from the process unit. Thus, if the sales price 

of product Q is 40% of the total sales price, it's 

assigned 40% of the environmental burdens. 

These examples show only one type of process for which allocation considerations will be necessary, 

specifically a co-production process (multiple output flows but essentially a single input flow) – in 

other cases there can be multiple input flows (as typical for waste processing) or recycling situations. 
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The above examples are framed in terms of environmental burdens (for LCA); in principle cost burdens 

(for LCC) are allocated in exactly the same fashion – hence it is far from certain that an economic basis 

would be used to allocate economic costs. Furthermore, the above diagrams perhaps suggest a focus 

on operational costs. However, a full life cycle focus means that the capital costs – the burdens 

associated with initially establishing the process – must also be considered. 

1.2.2 Inventory Analysis 

 
Inventory analysis for LCA is the step where all material and energy flows in and out of the product life 

cycle are quantified. It involves data collection and calculation procedures to quantify the relevant 

inputs and outputs of a product system. Thus, inventory analysis aims to quantify all energy and raw 

material requirements, emissions to air, discharges to water, solid waste and other releases for each 

process step of a product system. Inventory analysis for LCC aims to quantify all “cost flows” within the 

product system. For some parts of the data (for example, raw materials costs) the LCC data might 

depend directly on the LCA data. Hence, large parts of this step are conducted in parallel. 

 

All inputs and outputs to the product 

system are related to a functional unit, 

which is the basis for the calculations 

performed. For example, an inventory of 

emissions and resources associated with a 

kilo of coating solution will not be 

collected – but rather for the amount of 

coating required to fulfil a particular 

function for a particular period of time. 

“Cost flows” (not shown in the diagram) 

are evaluated in exactly the same way, 

relative to the functional unit. 

 

Data collection 

LCI data collection is generally the single most onerous and time-consuming part of the LCA (LCC) 

methodology. As for other aspects it is described in considerable detail in the relevant ISO standards 

(ISO 14044) supported by detailed guidance in publications such as the ILCD Handbook (2010). In the 

most general sense, the following data will be sought for LCA: 

 

• Inputs of raw materials and energy, other inputs and other relevant physical factors (such as 

land use) 

• Outputs in terms of products 

• Emissions (such as to air, water, land) and other environmental aspects 

 

These data will generally be quantitative (flows of mass and/or energy) and will rely on both 

quantitative and qualitative supporting data, which includes (but is not restricted to): 
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• Details of any transport steps (vehicles used, routings etc.) 

• General descriptions of technology / processes 

• How and when data was gathered / measured 

 

The latter is particularly important in terms of evaluating and ultimately progressing with the process. 

Data collection is rarely if ever a purely once-through process and a degree of iteration is often 

required. This may cause elements of the goal and scope to be reviewed. Analysing a system of any 

complexity will necessarily demand the collection of data from multiple actors; it is inevitable that the 

data will be of variable “quality” and certainty; compromises often have to be made in the name of 

practical progress. LCI data for LCC purposes may include some or all of the following. Certain data 

categories might be considered in greater or less detail (for example transport costs may be 

aggregated across a number of transport steps or reported separately for each): 

 

• Raw materials costs (inclusive or exclusive of taxes and transport costs) 

• Taxes on raw materials 

• Transport of raw materials 

• Manufacturing costs: energy 

• Manufacturing costs: infrastructure and equipment 

• Manufacturing costs: personnel 

• Transport of finished products to consumer 

• Costs of application / implementation: energy, personnel, support materials 

• Use costs: energy, fuel, personnel, support materials 

• Transport to final disposal 

• Disposal / decommissioning 

 

Clearly, the list can be condensed or further expanded. Broadly speaking, the list is written from the 

manufacturer’s perspective - the “raw materials costs” is simply the price paid by the manufacturer to 

its suppliers. If adopting a whole life cycle perspective (and if the relevant data can be found) then this 

price could be further broken down (costs of the raw materials the supplier sources, their 

manufacturing costs, their operating profit, etc). However, as stated above, the breakdown of the 

price(s) paid to the supplier is usually hidden from the manufacturer. Note that in general at this stage 

there is little interest in identifying the bearers of each cost. This only becomes important when a 

particular perspective on the LCC exercise is selected.  

 Calculation 

The calculation step for LCA entails converting the raw LCI data into a list of emissions and resource 

use throughout the system, related to the functional unit. This involves normalising data (often 

involving conversion of units) – raw LCI data will essentially never be suitable for “direct” use. For 

example, data based on annual production will have to be scaled to the specific functional unit for the 

study. The various processes must be linked together and the mass / energy flows identified. The 

result is the flows (and ultimately the emissions / resource use) that cross the system boundaries. For 

LCC, the calculation step of inventory analysis generally involves little more than converting costs to a 
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functional unit basis. Generally speaking, “cost flows” are much more straightforward than material or 

energy flows – factors such as internal recycles complicate material / energy flow considerations but 

are essentially absent for cost flows. In both LCA and LCC processes, the calculation step will reflect 

the allocation decisions made in the goal and scope definition above. 

 

1.2.3 Impact Assessment and Interpretation 
 

 This section concerns the integration of inventory data and calculation of LCC from the data collected. 

This might be thought of as the economic equivalent of the impact assessment step in LCA, although it 

is quite different in nature.  

Identify perspective and cost categories 

The first step is to (re)consider the perspective identified in the goal and scope and hence identify the 

cost categories. This was already considered to some degree in the LCI step for LCC, as it governs 

which data is necessary for the analysis. The following basic principles apply: 

• Where the analysis is performed from the perspective of a particular actor, costs upstream of 

that actor in the life cycle are hidden / aggregated. Thus, from the user perspective the 

manufacturer’s costs will be aggregated with its profits, and the price paid by the user is all 

the user “sees”. Similarly, from the manufacturer’s perspective, the costs (and profits) of their 

suppliers are manifest in a single factor – the price paid to the supplier. 

• Cost categories may be presented in more or less detail – this often depends on the quality 

and availability of LCI data 

 

Putting costs on a common basis 

One confounding feature of LCC is that different costs are borne by different actors; this is handled by 

making the perspective clear. A second complicating factor concerns temporal aspects – different 

elements of cost are borne at different times. This is accounted for in this project, as is typical for most 

LCC approaches, by putting costs on a Present Value (strictly, “Present Cost”) basis. Costs borne in the 

future are discounted to reflect the time value of money – that a given quantity of money now has a 

different (normally greater) value than the same quantity of money in the future.  

The time value of money is normally represented by a (usually constant) annual discount rate. This is 

(normally) net of inflation but essentially reflects the cost of capital – whether that involves borrowing 

from an external source or diverting capital from other value-creating activities for which it could be 

deployed (e.g., from a manufacturer’s perspective the discount rate might reflect an internal rate of 

return used in investment decisions, set at or above the company’s average cost of capital). Costs 

borne at different times are placed on a present value basis by: 

P = F / (1+r)n   
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where P is the Present value (cost), F the Future value (the actual cost borne at some point in time), r 

is the annual discount rate expressed as a fraction and n is the time period – this is normally but not 

necessarily expressed in years. 

Collation and presentation of results, interpretation, sensitivity analysis 

The final step in LCC is to collate the costs (this is normally a simple addition) depending on the 

perspective adopted and the data collected. As for LCA, the interpretation is dependent on the goal 

and scope of the LCC. Important assumptions can be identified and tested during the sensitivity 

analysis (e.g. equipment lifetime assumptions, exchange rates, or interest rates) to see whether the 

conclusions would be affected by varying these assumptions across realistic intervals (e.g. lower an 

upper bounds of such intervals could be equipment failure after a shorter life than expected, or 

equipment lifetime 50% longer than expected). Sensitivity analysis indicates how robust the results of 

the study are and can be used in both LCA and LCC. 

1.3 LCC in SirkulærPlast 

 
Whilst in principle the broader life cycle perspective as outlined above can be adopted for LCC 

analysis, it is also possible to take a narrower, simpler viewpoint. For instance, setting the functional 

unit to be 1 kg of material leaving the factory gate can allow a focus on the (in-principle) more directly 

controllable in-house costs. Comparisons with alternative products or materials depend on functional 

considerations as discussed above; these might emerge from an accompanying LCA rather than the 

LCC analysis itself. Allocation is probably the most onerous problem for activities like those of the 

project partners. Invariably, these activities cover many different types of products and materials, and 

data for many cost categories might only be available on a highly aggregated basis. Assuming the 

factory gate perspective, the following cost categories with the associated challenges are likely to be 

important.  

Raw materials 

In principle, this may be the most straightforward of the major cost categories in terms of allocation. 

The precise raw material requirements (basic feedstocks plus additives) per unit mass of product 

should be known exactly. In principle the unit cost of these materials should also be known, although 

sample data shows that raw materials are often purchased in batches from different suppliers with 

different grades and specifications, and these costs are not always easily disaggregated.  

Personnel costs 

Allocation of these costs is complicated by at least two factors – individual operational personnel may 

well be working across a range of products, and the costs of non-operational personnel (management, 

administration and support) that are not specifically connected with products must also be taken into 

account. Costs should include direct elements (paid to staff) and indirect (such as superannuation, 

insurance, and taxes). The simplest approach might be to take total staff costs over an annual period 

and then allocate these according to production over that period, on a mass or economic value basis – 

bearing in mind that production schedules are unlikely to be constant and hence mass-weighted (or 

economic-weighted) averaging will be needed. 
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Consumables 

These could include solvents or lubricants if they are used in any quantities, but only if specific to a 

particular unit of production. If such consumables are principally for the general maintenance or 

upkeep of equipment, they fall in a different category.  

Power 

This is typically an important cost driver that may be very difficult to disaggregate and allocate 

appropriately. It seems likely that power consumption relating to a particular line of production will 

not be known.  

Infrastructure 

Any costs of machines or equipment specifically linked to the product or function in question should 

be included here. These should first be calculated as an annual cost (the purchase price is written-off 

over the service life giving an average annual depreciation). Any running costs of equipment should 

come under consumables or power. Any infrastructure not specifically focused on the product in 

question (for example buildings) is normally excluded from LCC.  

Maintenance 

This category could include the effective cost of down-time for maintenance, also possibly the cost of 

spares and replacement parts. Staff time related to maintenance is normally accounted under staff 

costs. 

Taxes and charges 

Like many other cost categories, these should first be calculated on an overall company basis, and 

then allocation to a particular product or function can be attempted. 

1.4 Outcomes in the current project 

 
It was not possible to collect sufficient data to attempt LCC calculations in this project. Limited 

amounts of data were provided by some partners, but this was not sufficiently detailed to allow any 

meaningful calculations. In some cases, concerns about commercial sensitivity and confidentiality 

precluded the release of relevant, detailed data. This report is therefore restricted in scope to a 

methodological outline as given above, which gives project partners knowledge about how to 

proceed, should they wish to attempt these analyses in-house. 

 

2 Potential broader effects of the project 

The project as a whole has realised a certain efficiency of plastic use and resultant reduction in 

demand for virgin plastic for a limited range of applications. One objective in the project is to assess 

the potential effects of the project were the outcomes applied at a broader regional or national scale. 
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The assessment is restricted to the environmental perspective, although an economic and/or social 

impact calculation could also be attempted in principle.  

2.1 Worldwide, national, and regional plastic use 
 

Worldwide plastic production currently runs at around 360 million tonnes per annum of which Europe 

contributes over 60 million tonnes (Plastics Europe, 2019). This accounts for around 4% of total 

greenhouse gas emissions worldwide, twice that of all aviation for example. It has been calculated that 

if existing consumption trajectories remain unchecked, plastics could account for 15% of total world 

greenhouse gas emissions by 2050 – and that the total worldwide GHG emissions would spiral.  

Norway’s contribution to this is not readily disaggregated from other data in most sources, and some 

studies appear to take figures for plastic waste, which are more readily available, and implicitly 

assume these to be a proxy for plastic production (more accurately consumption) in Norway. This is 

assuming that on a nationwide basis there is no large-scale accumulation of plastic in the system, that 

it is at relatively steady state. Norway’s consumption has been estimated at 350 000 tonnes per 

annum (de Sadeleer and Raadal, 2019).  

Assessing plastic production on a regional basis is equally difficult. An economic allocation based on 

regional and national GDP figures is possibly the best method (thereby assuming that regional plastics 

production levels are reflected in GDP in the same way that national ones are). The former Oslofjord 

regions (Buskerud, Telemark, Vestfold and Østfold) represented 12.7% of Norway’s GDP (SSB 2020). 

This suggests a regional annual plastic use estimate of 44 450 tonnes. 

We know that the SirkulærPlast partners (Biobe, Katoplast and Promens Berry) use around 7 250 

tonnes per annum combined. This corresponds to around 16% of total plastic consumption regionally.  

2.2 Estimates of environmental factors 
 

The CO2 and energy burdens of different plastics vary, and a weighted average across a plastic mix 

could be attempted. From our LCA analyses we take an average CO2 burden of 3 kg CO2 equivalent 

per kilogram plastic, and an energy demand of 80 MJ per kilogram. We can estimate the total CO2 and 

energy burden associated with plastic production for the plastics consumed on a local, regional, and 

national basis: 

 Partner companies 
7 250 tonnes / year 

Oslofjord region 
44 450 tonnes / year 

Norway 
350 000 tonnes / year 

CO2 equivalent 
(around 3 kg / kg) 

21 750 tonnes 133 350 tonnes 1 050 000 tonnes 

Energy (80 MJ/kg) 
 

580 TJ 3 556 TJ 28 000 TJ 
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2.3 Potential effect of the project 

 
The project partners estimate that the project’s outcomes may help them save 20-30% of their virgin 

plastic production in the medium term (perhaps 5-10 years). Assuming producers like these to be 

representative of the entire Norwegian plastics economy / sector (they correspond to 16% of national 

plastics consumption), this suggests that a 3-5% reduction in plastic use nationwide is possible through 

the application of project outcomes across plastics producers like the partners in the project.  

A 3% nationwide reduction corresponds to around 10 000 tonnes of plastic and hence 30 000 tonnes 

CO2 equivalent, also 800 TJ of energy. Norway’s total CO2 emissions for all activities are around 50 

million tonnes per annum and the total energy consumption is around 328 TWh or 1.2x1018 J.  

This means that the project outcomes afford the possibility of reducing Norwegian national CO2 

emissions by around 0.6% and total energy consumption by around 0.07%.  

 

  



 

 
NORSUS — Norwegian Institute for Sustainability Research 12 of 19 

 

 
 

 

3 REACH Assessment 

The SirkulærPlast project had several aims, including DM 3.2 “Additives that are appropriate to 

improve recycled plastic in the case products are assessed for toxic effects in a life cycle perspective 

and in relation to REACH.” The materials used in the cases are given in Noreng (2020), the relevant 

additives assessed in the project are shown below. 

Case Additive tested Comment 

HDPE CESA®- nox PE 10880 Additive (antioxidants) 

Infuse 9077 Additive (compatibalizer) 

PP CESA®- nox PE 10880 Additive (antioxidants) 

Infuse 9077 Additive (compatibalizer) 

Adworks PKG 906 Additive (multifunctional, powder) 

PA CESA®-nox ABA0025533 Additive (antioxidants) 

Nylostab S-EED Additive (multifunctional, powder) 

Willamid N039 PA 6 50GF Natur Additive (GF reinforcement) 

 

In order to be able to assess the toxic effects in an LCA perspective, the input data needs to include 

information about the raw materials and chemical compositions of the relevant additives. This was not 

possible to obtain, despite one of the additive suppliers (Clariant) being a project partner. The 

confidentiality and competition aspects associated with additives for plastics, as well as reluctance to 

disclose potential environmental hazards, limits access to this kind of information. The petrochemical 

industry is not transparent about this kind of data and it is often problematic to obtain.  

However, under REACH all additive suppliers are required to provide a safety data sheet that provides 

the users with information about potential hazards and remediation measures. NORSUS and Re-Turn 

endeavoured to obtain these datasheets from the suppliers, or internet searches. The table below 

summarises the hazard labelling (relevant for REACH) and safety precautions advised for each of the 

additives assessed taken from the safety data sheets for the additives. 

Additive Description Hazard labelling 
(REACH) 

Precautionary 
measures for handling 

CESA®- nox PE 
10880 
Reference: 
Clariant 
(2016a) 

“a concentrate of antioxidants in 
PE carrier…It protects the 
polymer against thermooxidative 
degradation.Good retention of 
the polymer melt stability and 
colour stability.” 

None specified Store in a cool dry place, 
away from direct 
sunlight. No safety 
measures for handling 
specified. 

Infuse 9077 
Dow (2016) 

INFUSE™ Olefin Block 
Copolymers (OBCs) are 
polyolefins with alternating 
blocks of hard (highly rigid) and 
soft (highly elastomeric) 
segments. The block structure of 
OBCs offers an advantaged 
performance balance of 
flexibility and heat resistance 

None specified None specified 
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compared to random polyolefin 
copolymers.” 9077 is for 
extrusion applications “Highly 
flexible, excellent elastic 
recovery” typical application: 
compounding thermoplastic 
elastomers. 

Adworks PKG 
906 
 
Reference: 
Clariant 
2020b 

“…prevents and reduces gel or 
black spot formation and 
protects the resin ensuring 
normal line running speeds 
without increased film 
breakages” “blend of primary 
and secondary antioxidants” 

Labelling 
(REGULATION (EC) 
No 1272/2008) 
Not a hazardous 
substance or 
mixture. 

Handling: When used 
and handled 
appropriately no special 
measures are needed. 
Wash hands before 
breaks and at the end of 
workday. When 
using do not eat, drink 
or smoke. Use 
protective skin cream 
before handling the 
product.  
Environment: The 
product should not be 
allowed to enter drains, 
water 
courses or the soil. 
Storage: Keep 
containers tightly closed 
in a cool and well-
ventilated place. 

CESA®-nox 
ABA0025533 
Reference: 
Clariant 
(2016b) 

“…protect the thermoplastic 
polymers from oxidative 
damage….an additive 
masterbatch for process 
stabilization and long-term 
thermal stabilization based on 
polyamide.” 

None specified Store in a cool dry place. 
No safety measures for 
handling specified. 

Nylostab S-
EED 
 
Reference: 
Clariant 
2020a, ECHA 
2020a and b 

Substance name: N,N’-
bis(2,2,6,6-tetramethyl-4-
piperidyl)isophthalamide 
 
CAS no.: 42774-15-2 
EC-No.: 419-710-0 

 
Warning! According 
to the harmonised 
classification and 
labelling (CLP00) 
approved by the 
European Union, 
this substance is 
harmful if 
swallowed and 
causes serious eye 
irritation. 

Handling: Precautionary 
statements, Prevention: 
P264: Wash skin 
thoroughly after 
handling. 
P270: do not eat, drink 
or smoke when using 
this product. 
P280: wear eye 
protection / face 
protection. 
Disposal: 
P501: Dispose of 
contents/ container to 
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H302: Harmful if 
swallowed. 
H319: Causes 
serious eye 
irritation. 

an approved waste 
disposal plant.  
Additional information 
on hygiene measures: 
only use in area 
provided with 
appropriate exhaust 
ventilation…take ff 
immediately all 
contaminated clothing 
and wash it before 
reuse. 
Environment: Do not 
allow to enter drains or 
waterways 

Willamid 
N039 PA 6 
50GF Natur 
Reference: 
Wilh. 
Willumsen AS 
(2017) 

«…termoplastisk  bearbeidelse 
som polymer» [translated: 
thermosplastic processing as a 
polymer]  

None specified «…no health risks to 
employees if the 
polymer granules are 
handled correctly.»  
Handling: Personal 
protective equipment - 
General protective and 
hygienic measures: Keep 
equipment, rooms and 
work clothes clean   
- Respiratory protection: 
Not relevant if good 
ventilation  
- Hand protection: as 
usual for thermoplastic 
processing  
- Eye protection: Wear 
safety goggles when 
working with hot 
polymer  
- Body protection: 
normal work clothes for 
such work.  
Environment: the 
polymer degrades 
slowly in nature, the 
fiberglass part does not 
degrade. The granulate 
is heavier than water. 

 

The table above shows what hazards are relevant for each of the additives. Only one additive, used in 

the PP case, has a REACH hazard classification (Adworks PKG 906). The table does not provide a 

comprehensive toxicity assessment, but combined with the amounts required for the different case 
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scenarios, can indicate aspects the partner companies should be aware of introducing into the 

subsequent value chains that use recycled plastic. The reader should also be aware that there are 

many additives present in virgin plastic, some of which also have hazard classifications under REACH. 

Granulate suppliers specifically design their products to be suitable for their given application (e.g 

hardness, melt-flow properties, etc.), which means they use additives. However, these are often not 

specifically disclosed. It is unlikely that the recycled plastic has additives that are not present in virgin 

plastics, with the exception of compatibilizers. These are specifically introduced to combat the issues 

arising from different plastics being present in the recycled stream (as sorting is never 100% perfect).  

See Appendix 1 for an overview of additives used in plastics (translated from 

https://www.grontpunkt.no/snarveier/nyheter-innsikt/resirkulert-plast/, the SirkulærPlast knowledge 

bank). 

 

  

https://www.grontpunkt.no/snarveier/nyheter-innsikt/resirkulert-plast/


 

 
NORSUS — Norwegian Institute for Sustainability Research 16 of 19 

 

 
 

 

4 References 

ASKHAM, C. (2011): Environmental Product Development Combining the Life Cycle Perspective with 
Chemical Hazard Information. PhD Thesis, Department of Development and Planning, Aalborg 
University.  

ASKHAM C., GADE A.L., HANSSEN O.J. (2013): Linking chemical risk information with life cycle 
assessment in product development, Journal of Cleaner Production (51) 196–204. 

CIROTH, A., FINKBEINER, M., HILDENBRAND, J., KLÖPFFER, W., MAZIJN, B., PRAKASH, S. & VICKERY-
NIEDERMAN, G. 2011. Towards a Life Cycle Sustainability Assessment. Making informed 
choices on products. UNEP/SETAC Life Cycle Initiative. 

Clariant (2016a): Technical Product Information, CESA®-nox ABA0025533, version 03/2016 
(www.clariant.com/masterbatches). 

Clariant (2016a): Technical Product InformationCESA®- nox PE 10880, version 06/2016 
(www.clariant.com/masterbatches). 

Clariant (2020b): Safety Data Sheet According to regulation (EC) No. 1907/2006, NYLOSTAB S-EED FF, 
Version 3-1/EU, Revision date 06.03.2020. 

Clariant (2020b): Safety Data Sheet According to regulation (EC) No. 1907/2006, AddWorks PKG 906 
Circle, Version 1-1/EU, Revision date 30.06.2020. 

DE SADELEER, I. & RAADAL, H. L. (2019). Bærekraftig plast, Forprosjekt. Ostfold Research. 
Dow (2016): INFUSE™ Olefin Block Copolymers, Dow Elastomers, Form No. 788-08201-1216X SMG, 

December 2016 (dowelastomers.com). 
ECHA 2020a: ECHA substance info card for N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)isophthalamide, 

https://echa.europa.eu/substance-information/-/substanceinfo/100.101.844, Accessed 
29.12.2020 

ECHA 2020b: The Brief Profile for N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)isophthalamide, 
https://echa.europa.eu/brief-profile/-/briefprofile/100.101.844#collapseSeven, Accessed 
29.12.2020. 

Noreng, M. (2020): Summary of material selection process, Confidential report, Document number: 
RT-RP-00064 

PLASTICS EUROPE (2019): Plastics, The Facts: An analysis of European plastics production, demand and 
waste data. Plastics Europe (https://www.plasticseurope.org/en/resources/publications/4312-
plastics-facts-2019). 

SSB (2020): Regional accounts. STATBANK, SSB https://www.ssb.no/en/statbank/table/09391/ 
Accessed January 2020. 

Wilh. Willumsen AS (2017): Polyamid 6, Polykaprolaktam, PA6 GF  Willamid  med tilleggsbetegnelser, 
glassfylt. January 2017.  

  

http://www.clariant.com/masterbatches
http://www.clariant.com/masterbatches
https://echa.europa.eu/substance-information/-/substanceinfo/100.101.844
https://www.plasticseurope.org/en/resources/publications/4312-plastics-facts-2019
https://www.plasticseurope.org/en/resources/publications/4312-plastics-facts-2019
https://www.ssb.no/en/statbank/table/09391/


 

NORSUS — Norwegian Institute for Sustainability Research 17 of 19 

 

 
 

 

Appendix I: Overview of additives in plastic 

In the majority of plastic products, the basic polymer is mixed with various materials known 

collectively as additives. These are chemical compounds, incorporated to improve the functionality 

and ageing properties of the polymer, and, during its formation, its performance at, for example, the 

injection moulding or extrusion phases. Each of these substances plays a specific role in the delivery or 

improvement of a product’s functional attributes, and is therefore an important building block in the 

development of its properties. Hundreds of different substances are to be found on the European 

market, and, as a result of variations in the polymer structure, different additives will suit different 

polymers. The amount of these additives used varies significantly, ranging from low percentages to 50-

60% of the weight of the polymer. 

Most of these substances do not disappear during the product's life cycle, or during recycling, but 

there are exceptions. During the recycling phase in particular, some substances, such as secondary 

antioxidants, will be lost, as they are affected by the temperature in the recycling process. The 

amounts of these substances can thus become greatly reduced after several rounds of recycling 

(Jamtvedt, S. 2018), and need then to be replaced in order to maintain the desired properties of the 

plastic. 

The table below provides an overview of existing additives. These are divided into those properties 

most commonly sought by manufacturers for integration within the production of plastic products. 

The choice of additives also depends on the type of polymer in use. The table, which has been 

developed in collaboration with Clariant, is therefore categorised into properties required for the 

polymers: polyethylene (PE), polypropylene (PP) and polyamide (PA).  

Property  PE PP PA Comments 
Plasticisers 

Increased 
plasticity 

PE wax / PP wax PE wax / PP wax Amide wax  

Increased fluidity   Diphosphonite  Decreases process 
temperature   

Reduction in 
hardness 

PE wax / PP wax PE wax / PP wax Amide wax  

Stabilisers 

Antioxidants 
(AO)(process 
stabilisers)  

Primary 
(phenolics) in 
combination 
with secondary 
(phosphites or 
phosponites/di-
phosphonites) 
antioxidants 

Primary 
(phenolics) in 
combinasjon 
with secondary 
(phosphites or 
phosponites/di-
phosphonites) 
antioxidants 

Depending on 
the quality of 
the recycled 
material, the 
same 
combination can 
be utilised, but 
in smaller 
quantities. 
 

Protects the polymer 
in liquid form. Use of 
primary AO has little 
effect. A 
combination of 
primary and 
secondary is 
recommended for 
recycled polymers. 
 

Heat stabiliser Phenolics / 
Polymeric HALS 

Phenolics / 
Polymeric HALS. 
High 

Low 
temperature: 
LMW HALS 

Protects plastic 
products. Different  
substances are 
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temperature: 
Thio co-stabiliser 
(Thio-ester / 
Disulfide) 

Medium 
temperature: 
phenolics 
High 
temperature: 
metal salts 
(copper /calcium 
/iodide, but 
these create 
severe 
discolouration)  

employed depending 
on the temperature 
(low/medium/high).  

Metal 
deactivating   

Thio based 
phenyl 
phosphite 

Thio based 
phenyl 
phosphite 

Thio basert 
phenyl 
phosphite – 
seldom used 

Most used for PP in  
contact with copper. 

UV stabiliser Benzotriazoles, 
benzophenone, 
benzylidene 
malonate, 
oxalanilide 

Benzotriazoles, 
benzophenone, 
benzylidene 
malonate, 
oxalanilide 

Benzotriazoles, 
benzophenone, 
benzylidene 
malonate, 
oxalanilide 

Protect  against 
photodegradation. 
There are many 
different types to 
choose from, 
depending on the 
use and desired 
lifespan of the end 
product.  

Hindered Amine 
Light Stabilisers 
(HALS) 

LMW / HMW LMW / HMW LMW  Protect  against 
photodegradation. 
Divided between  
low molecular 
weight (LMW) high 
molecular weight 
(HMW) and 
Oligomeric / 
Graftable / Amino 
esters 

Antistatic agents  Ethoxylated 
Amines / 
Ethoxylated 
Alkylamines / 
GSM / Carbon 
black 

Ethoxylated 
Amines / 
Ethoxylated 
Alkylamines / 
GSM / Carbon 
black 

Alkyl Sulfonate Used to reduce 
surface resistance 

Acid scavengers Hydrotalcite / 
Calcium or zinc 
stearates 

Hydrotalcite / 
Calcium or zinc 
stearates 

Not used Agents to counteract 
acidity 

Flame retardants Ammonium 
polyphospate  

Ammonium 
polyphospate  

Phosphinates These can be divided 
into halogen based 
or non-halogen 
based systems. The 
preference being for 
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the non- halogen 
based systems.  

Lubricating agents 

Internal 
lubricating agents  

PE/PP wax /PEG PE/PP wax /PEG Montan wax, 
amide, ester wax 

Also used as a 
process aid in 
masterbatch 
industry.   

 Release agents  Amide wax Amide wax Montan / ester 
wax 

Release agents are 
also effective during 
removal of the 
plastic from the 
mould.  

Coupling agent 
 

Maleic 
Anhydride Esters 

Maleic 
Anhydride Esters 

Not available Strengthen the bond 
between the filler 
and the polymer.  

Pigments/ Colourants  

Organic     

Inorganic     

Colourants     

Blowing agent/ 
foaming agent 

   Reduces plastic 
consumption, 
reduces density and 
reduces sink marks.  

Mineral fillers/ 
reinforcement  

   Inorganic fibre. 
Employed as 
strengthener.  

 

A comprehensive overview of additives and their functions can be found her: 

http://www.bpf.co.uk/plastipedia/additives/default.aspx#additiveseasiertoprocess 

ECHA (2020): Describing uses of additives in plastic material for articles and estimating related 

exposure Practical Guide for Industry, 

https://echa.europa.eu/documents/10162/13630/expo_plastic_addives_guide_en.pdf/ef63b255-

6ea2-5645-a553-9408057eb4fd 

 

http://www.bpf.co.uk/plastipedia/additives/default.aspx#additiveseasiertoprocess

