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Summary 

Trafikverket or Trafikverket’s contractors are considering the use of several products that in some 
way have to do with nanotechnology for sealing and impregnating various types of surfaces, for 
example road safety cameras. It has been noted that the potential health and environmental risks of 
nanomaterials should be evaluated over their entire life cycle. Further to previous risk assessments 
made on the nano-products considered by Trafikverket, it is therefore relevant to analyse the 
product’s impacts from a life cycle perspective.  
 
The aims of this project are to (i) Provide a state-of-the-art background on the types, production 
processes, uses and current debates on the classification, and human and eco-toxicity of nano-silica 
and silane based nanofilms, (ii) To analyse if there are any arguments, from an environmental 
perspective, for the application of self-cleaning coatings to speed cameras compared to 
conventional practice, (iii) To qualitatively discuss the potential importance of nanoparticle 
emissions from self-cleaning coatings in the context of other sources of nanoparticle emissions.  
 
A life cycle assessment is performed for maintenance of road safety cameras in Sweden in a business 
as usual (BAU) scenario and in a scenario where the cameras have been coated with a self-cleaning 
silane based nanofilm (Nano ProHard). The functional unit is the maintenance of road safety 
cameras in Sweden to allow for an acceptable speed camera picture quality over one year. The life 
cycle impact assessment methods ReCiPe Midpoint (Hierarchist) and Cumulative Energy Demand 
have been used. All life cycle phases from extraction of raw materials to end-of-life have been 
included. Inventory data is gathered from Ecoinvent 2.2. The detergent used in the business as usual 
scenario is approximated with the Ecoinvent process “Soap, at plant/RER S” and the alkoxysilanes in 
NanoProHard with “Tetrachlorosilane, at plant/GLO S”. 
 
Results show that the biggest impacts in the BAU-scenario are related to operation of vehicles for 
inspection of the road safety cameras in the maintenance phase, and to the production of soap. The 
biggest impacts in the Nano-scenario are related to operation of vehicles in the maintenance phase, 
and to production of soap, Nano ProHard Clean and Nano ProHard, mainly due to the ethanol in the 
product. Comparing the two scenarios (excluding operation of vehicles in the maintenance phase) it 
was seen that BAU had a bigger contribution than Nano in all impact categories except for fossil 
depletion, due to use of ethanol in the Nano-scenario. However, a sensitivity analysis revealed that 
this may not always be the case. It should also be noted that the toxicity in the use phase has not 
been assessed.  
 
In cases where very little detergent is used for cleaning, for example in those cases where only water 
is used in the BAU-scenario, it may not be beneficial to use a nanofilm. However, in case the road 
safety cameras are usually washed very often, and/or with big amounts of detergent, use of 
nanofilm could have lower GHG-emissions than maintenance in BAU-scenario. However, it can again 
be emphasised that the toxicity of the products in the use phase has not been assessed, and that this 
is an aspect that must also be considered when concluding on which maintenance regime to choose. 
It must also be noted that soap is not the commonly used detergent in maintenance, and that results 
could vary significantly depending on detergent used. 
 
It can be concluded that there are no clear environmental benefits if Trafikverket were to apply self-
cleaning coatings to their road safety cameras, compared to conventional practice. The main source 
of impacts from maintenance of the road safety cameras is vehicle operation and this cannot be 
reduced by application of a nanofilm due to the current requirement of inspecting the cameras once 
per week. Considering the lack of knowledge on the product, and the possible toxicity of its 
components, it is not recommended that the product is used without further investigations into the 
type of chemicals used. 
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1. Introduction 

Nanotechnology and nanomaterials are recognised for their potential to provide benefits to many 
areas of society. Nanotechnology has been labelled a key enabling technology which is applicable in 
almost all technological sectors (European Commission, 2004, 2009a). Nanomaterials are today used 
in a variety of applications, from everyday goods such as polymers and cosmetics, to specialised 
technical applications in, for example, electronics and biomedicine.  
 
One specific application area of nanotechnology is the engineering of nano-structured coatings in 
such a way that they have self-cleaning properties (European Commission, 2013). A great number of 
self-cleaning coatings have been commercialized and are used in construction materials, façade 
coatings, textiles, etc. It has been argued that these self-cleaning surfaces could have environmental 
benefits, based on reductions in cleaning intensity. Additionally, self-cleaning surfaces can have 
benefits such as antifogging, anti-icing and antireflection (Liu and Lei, 2012).  
 
Trafikverket or Trafikverket’s contractors are in pilot projects using several products that in some 
way have to do with nanotechnology for sealing and impregnating various types of surfaces. This 
involves: a) treating restrooms and tables in rest areas, b) the application of reflective films on road 
signs, c) the sealing of road side posts, d) the treatment of noise barriers, e) as a grouting material in 
tunnelling and f) as a surface sealer on road safety cameras.  
 
These products contain either nano-silica in a colloidal suspension1, or are made from 
polymerisation of silanes2. Trafikverket have previously commissioned a risk assessment of their 
products containing nano-silica. Conclusions from the study were that nano-silica poses a very low 
risk to human health and the environment, under the condition that necessary precautions are 
taken (Trossa AB, 2012). A risk assessment has also been conducted for the product Nano ProHard 
(Posner and Andersson, 2011) but due to lack of data no conclusions could be drawn regarding the 
hazardous status of the product.  
 
It has been noted that the potential health and environmental risks of nanomaterials should be 
evaluated over their entire life cycle (Klöpffer et al., 2007; Hischier and Walser, 2012; Gavankar et 
al., 2012). The Swedish government has released a Committee Directive to produce "A national 
action plan for the safe use and handling of nanomaterials" (Dir. 2012:89). The importance of a life 
cycle perspective is highlighted also in this directive. In this context Lazarevic and Finnveden (2013) 
reviewed the current knowledge of environmental aspects of nanomaterials from a life cycle 
perspective.  
 
However, it has been noted that there is also a need to study each specific use area and type of 
nanomaterial, to correctly assess the risks of nanomaterials (Steinfeldt et al., 2007). Further to the 
studies previously made by Trossa AB (2012), Posner and Andersson (2011) and Lazarevic and 
Finnveden (2012) there is hence a need to understand the potential environmental impacts of the 
application of nano-particle containing products from a life cycle perspective. Application of nano-
coatings to road safety cameras and the potential environmental impacts associated with such 
applications are evaluated in this report.   
 
This project will address three questions, on which aims and objectives are based. 
 

 What types of nano-silica and silane based coatings are available, how do they differ and 
are they considered nanomaterials? 

                                                           
1
 Meyco MP 320 

2
 Nano ProHard, Nano Prosoft, AlronGuard Stone Protect 339, AlronGuard CPS 12 
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 What are the potential environmental benefits, or impacts, if Trafikverket were to apply 
self-cleaning coatings to their speed cameras, compared to conventional practice? 

 What are the required conditions (if any) for the environmental impact of maintenance 
regimes based on self-cleaning coatings to be lower than the current maintenance 
regime? 
 

1.1 Aims 
 
The aims of this project are:  
 

 Provide a state-of-the-art background on the types, production processes, uses and 
current debates on the classification, and human and eco-toxicity of nano-silica and silane 
based nanofilms  

 To analyse if there are any arguments, from an environmental perspective, for the 
application of self-cleaning coatings to speed cameras compared to conventional practice. 

 To qualitatively discuss the potential importance of  nanoparticle emissions from self-
cleaning coatings in the context of other sources of nanoparticle emissions 

 
This is done in order to: 

 Place the production and emissions of the nanomaterial use in self-cleaning coatings in 
the context of the forms of nanomaterial.  

 Identify the potential environmental impacts, positive and negative, of applying self-
cleaning coatings to speed cameras, compared to conventional practice3.  

 Identify the life cycle stages the potential environmental impacts of Trafikverket’s 
application of self-cleaning coatings may occur (identification of hotspots of 
environmental impact) 

 Identify the potential release of nanoparticles, stemming from its application to speed 
cameras, during the different life cycle phases and the potential release of nano particles 
in other applications pending on the availability of data that can be assessed within this 
project.  

 Be an illustrative case study of an LCA of a nanomaterial showing some possibilities and 
limitations of applying LCA to nanomaterials.  

 

1.2 Structure of the report 
The remainder of this report is structured as follows: 
 
The report begins with a state-of-the-art background in Chapter 2. This chapter include a 
background on nanomaterials in general, nano-silica, self-cleaning hydrophobic nanofilms, 
applications and production of nanosilica and nanofilm, and a discussion around the classification of 
nano-silica and nanofilm as nanomaterials. The chapter also includes a section on previous LCA of 
nano-silica, release of particles throughout the life cycle of nanomaterials, toxicity of nanosilica and 
silane based nanofilms.  
 
Chapter 3 provides an overview of LCA methodology and LCA of nanomaterials in terms of specific 
methodological issues faced when LCA is applied to nanomaterials. The goal and scope of the LCA 
performed is presented in Chapter 4, followed by the life cycle inventory in Chapter 5. Results from 

                                                           
3 For instance, the comparison of greenhouse gas emissions of a speed camera with a nanosilica coating (associated with 

production, manufacture, transport, application of nanosilica to the speed camera and the reduced need for maintenance) 
to conventional practice (greenhouse gas emissions associated with maintenance)  
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the LCA are presented in Chapter 6, including a sensitivity analysis for maintenance frequency, 
contents of the product, etc., and identification of tipping points between the Nano and the Business 
as usual scenario. Chapter 7 provides a description of nanoparticle emissions from other sources 
than coating of road safety camera. Discussion and conclusions are found in Chapter 8. Appendix A 
includes characterisation results for the different scenarios, and Appendix B includes specification of 
the Evoinvent processes used in modelling with SimaPro.  
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2. State-of-the-art, nano-silica and nanofilms  

2.1 Nanomaterials 

2.1.1 Definition of nanomaterials  

The term ‘nanomaterial’ generally refers to materials with internal structures and/or external 
dimensions within the nanoscale (Lövestam et al., 2010, p. 6). The definition of the term 
‘nanomaterial’ has implications for regulation and policy (Lövestam et al., 2010) and has therefore 
been the subject of intensive debate during recent years. The need to define nanomaterials for 
regulatory purposes is linked to the uncertainty regarding the safety evaluation and the risk 
assessment of nanomaterials (SCENIHR, 2010). As such there is a general consensus that the 
definition of nanotechnology should be pursued at a European or Global level, for example by the 
European Commission or the International Organisation for Standardisation (ISO) (Lövestam et al., 
2010). The definitions of the term ‘nanomaterial’ as given by the ISO and the European Commission 
are presented below. 
 
International Organization for Standardization 
ISO (TS 80004-1) proposes the following definition for the term nanomaterial: 

“Material with any external dimension in the nanoscale or having internal structure or surface 
structure in the nanoscale. Note: This generic term is inclusive of nano-object and 
nanostructured material”4 

 
European Commission 
The European Commission (EC) has adopted the following recommendation for a regulatory 
definition for nanomaterials which are set out in articles 2-4 of the Commission Recommendation of 
18 October 2011 on the definition of nanomaterial (2011/696/EU):  

“ ‘Nanomaterial’ means a natural, incidental or manufactured material containing particles, in 
an unbound state or as an aggregate or as an agglomerate and where, for 50 % or more of the 
particles in the number size distribution, one or more external dimensions is in the size range 1 
nm-100 nm.” 

In specific cases and where warranted by concerns for the environment, health, safety or 
competitiveness the number size distribution threshold of 50 % may be replaced by a threshold 
between 1 and 50 %.” (European Commission, 2011) 

 
The recommendation also include definitions of the terms ‘particle’, ‘agglomerate’ and ‘aggregate’. 
Additionally the suggestion includes an alternative definition, where a material should be considered 
as falling under the above stated definition in case the specific surface area by volume of the 
material is greater than 60 m2/cm3.   
 
This report uses the term engineered nanomaterial (ENM), defined as materials designed and 
produced to have structural features with at least one dimension smaller than 100 nm (Oberdörster 
et al., 2005). 

2.1.2 Characteristics of nanomaterials  

Nanomaterials differ from conventional materials due to two main reasons: relative surface area and 
quantum effects. When the particle size decreases a greater proportion of atoms can be found at 
the surface of the material. Nanoparticles have thereby a greater surface area than larger particles 
which has consequences for properties such as reactivity, strength and electrical characteristics. 
Quantum effects can affect the optical, electrical and magnetic behaviour of matter at the nanoscale 
(Royal Society, 2004). 

                                                           
4
 Nanoscale is referred to as “Size range from approximate 1nm to 100nm”  
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Nanomaterials can be categorised in different ways. Foss Hansen et al. (2007) has developed a 
typology based on physical shape of the material, see Figure 1. Three main categories are included (i) 
bulk nanomaterials; (ii) materials that have a nanostructured surface and (iii) materials containing 
nanoparticles. This last category consists of the subcategories surface bound nanoparticles, 
nanoparticles suspended in a liquid, nanoparticles suspended in solids, and airborne nanoparticles.  

 

 
Figure 1. Framework for categorisation of nanomaterials (Foss Hansen et al., 2007) 

 

2.2 Nano-silica 

Silica is the common name for materials composed of silicon dioxide (SiO2). There are two main 
types of silica: crystalline and amorphous (i.e. non-crystalline) which both exists as either human-
made products or natural specimens. Synthetic amorphous silica (SAS) is an internationally 
manufactured form of SiO2. There are several forms of SAS on the market, including: precipitated 
silica, silica gels, colloidal silica or silica sols and fumed or pyrogenic silica. Colloidal silica is the type 
of silica used in the product Meyco MP 320 which is considered for use at Trafikverket as a grouting 
material in tunnels. Figure 2 below provides an overview of the different types of nano-silica.  
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Figure 2. Overview of different types of nanosilica (Industry Consortium SAS FOR REACH, 2012)  

 
Pyrogenic and precipitated silica and silica gel appear as white, fluffy powders. Silica sol is a milky-
white dispersion of discrete SiO2-particles stabilised in a solution such as water or ethanol. The 
different types of SAS are distinguished by their physical and chemical properties and characteristics 
of the particles. Depending on the type of SAS, the particles may be found as primary particles, 
aggregates or agglomerates (ECETOC, 2006), see Figure 3. Aggregates are made up of strongly 
bonded or fused primary particles while agglomerates are assemblies of loosely bound aggregates or 
particles (Frujiter-Pölloth, 2012).  
 

 
Figure 3. Silica sol/colloidal silica as stabilised particles; gel, precipitated and pyrogenic silica in form 

om aggregates and agglomorates (European Commission, 2007)  
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Below follows a description of the different types of SAS and how they are produced, based on the 
reference document on best available techniques for the manufacture of large volume inorganic 
chemicals (European Commission, 2007). Table 1 provides an overview of the different types of SAS 
and their particle sizes.   
 
Colloidal silica 
Colloidal silica consists of discrete particles with a diameter of 3-100 nm stabilised in a solution, e.g. 
water or ethanol. This type of silica is produced mainly from sodium silicate in an ion-exchange 
process, but can also be prepared by re-dispersion of already existing silica. 
 
Precipitated Silica 
Precipitated silica is made up of primary particles in the size range of around 5-100 nm which are 
aggregated and agglomerated to a diameter of 0.1 – 250 µm.    

Precipitated silica is produced in a precipitation process where an aqueous alkali metal silicate 
solution (e.g. water glass) is allowed to react with an acid (most commonly sulphuric acid), which 
cause the silica to precipitate. The suspension received from the precipitation step is then filtered, 
washed and dried. When dried the product is an irregular granulate which has to be milled and 
possibly also granulated. The final steps of drying and milling is the most costly and energy intensive 
processes in production of precipitated silica. By controlling parameters such as reactor design, 
temperature, pH, residence time and mixing energy, the properties of the final silica product can be 
controlled.  
 
Synthetic silica gel 
Synthetic silica gels are products of the polymerisation process of fine colloidal silica. The structure is 
similar to that of precipitated silica, but with a finer pore structure of the aggregated particles.  

Silica gel is produced from the same raw materials as precipitated silica and in the same type of 
precipitation process, the difference being that the silica gel is produced under acidic conditions. 
After the gelation process follows steps of washing and drying, just as for precipitated silica and 
depending on the intended application of the gel, it can be milled to reduce the particle size. The 
amount of raw materials and the energy consumption for production is the same as for precipitated 
silica.  
 
Pyrogenic (fumed) silica 
Pyrogenic (fumed) silica consists of agglomerated and aggregated primary particles. Particles of a 
size between 5-100 nm forms aggregates and agglomerates which can be up to the several 100 µm 
in size.  

Pyrogenic silica is mainly produced using hydrogen, oxygen and various blends of chlorinated silanes. 
These raw materials are allowed to react at temperatures between 1200-1600 ⁰C, which leads to 
formation of SiO2-molecules. These molecules are in turn combined to form primary particles, 
aggregates and agglomerates. The primary particles do not exist outside of the reaction zone. The 
silica is then separated from the gases leaving the reactor. The production gives rise to by-products 
such as hydrochloric acid and chlorine. The hydrochloric acid can be used again to produce new 
chlorosilanes and the chlorine if converted to sodium chloride in the waste water treatment. The 
properties of the final product are controlled by varying process parameters such as feedstock and 
flame temperature. Despite the high temperature pyrogenic silica is in fact not more energy 
consuming than precipitated silica or silica gel, due to the high energy consumption of drying the 
later products.  
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Table 1. Size of primary particles, aggregates and agglomerates in different types of SAS. Adapted 
from ECETOC (2006).  

Particle size Pyrogenic Precipitated Gel Sol Unit 

Primary 
particle  

0.005 – 0.05 0.005 – 0.1 0.001 – 0.01 0.005 – 0.02 µm 

Aggregate 0.1 – 1 0.1 – 1 1 – 20 n/a  µm 

Agglomerate 1 – 250  1 – 250 n/a n/a  µm 

 
 

2.3 Self-cleaning hydrophobic coatings  

There are several products with dirt- and water repellent properties available on the market, both 
for domestic and industrial use. Many of these are claimed to contain nanoparticles and/or to be 
manufactured using nanotechnology (Noorgard et al., 2009). The product Nano ProHard considered 
for use as a surface sealer at Trafikverket is of the type self-cleaning hydrophobic coating.  
 
Self-cleaning coatings can be roughly divided into two categories: hydrophobic and hydrophilic. 
Hydrophilic coatings are designed to make the water spread over the surface thereby carrying away 
dirt and other impurities. On hydrophobic surfaces the water will instead form droplets. When the 
droplets roll of the surface the surface is cleaned (Ganesh et al., 2011). The self-cleaning property of 
some materials is related to the contact angle between a liquid drop and the surface of a solid 
(Ganesh et al., 2011), see Figure 4. When the contact angle between the surface and the drop is 
exceeding 90° the surface is called hydrophobic. Hydrophobic surfaces that are at the same time 
micro-textured or micro-patterned can exhibit contact angels exceeding 150°. These surfaces are 
called super-hydrophobic and are associated with the lotus-effect (Gelest Inc, 2006).  
 

 
Figure 4. Relation between contact angle and wettability (Gelest Inc, 2006). 

 
 
There are many different ways of producing surfaces with self-cleaning properties. A hydrophobic 
surface can for example be created during manufacturing from hydrophobic polymers or post-
production by for example etching (Ganesh et al., 2011). Nanotechnology-based chemical products 
can also be based on active compounds such as titanium, silica nanoparticles (SiO) and/or chemicals 
such as siloxane (RSiO, where R is normally an alkyl group) and flour-silanes (FH3Si, FH3Si2, F3H2Si2…). 
These compounds are suspended in water-based acidious solutions, or alcohols such as methanol or 
ethanol (Jensen et al., 2010).  
 
Sol-gel processing of alkoxysilanes is a common way to produce hydrophobic surfaces. Silanes induce 
hydrophobicity by modification of the interaction of boundary layers of solids with water (Gelest inc, 
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2006). The sol-gel process involves a series of hydrolysis and condensation reactions between 
organo-functionalized silanes (e.g. fluorinated) and in some cases nanoparticles of, e.g. metal oxides 
or silica (Norgaard et al, 2009)5. Once applied on the surface the solvent will evaporate, resulting in 
an interconnected, rigid network of functionalized siloxanes (Norgaard et al, 2009). Depending on 
the type of sol the solution will evaporate either at room temperature, or during heating. When dry 
the coating is said to be in the gel-state, hence the entire process is referred to as the sol-gel process 
(Steinfeldt et al., 2007).  
 
The concentration of the siloxane solution will determine the thickness of the siloxane layer. 
Generally, a monolayer is desired (Gelest Inc, 2006). A so called Self-Assembled Monolayer (SAM) is 
a one molecule thick layer of material that can be formed from silanes by solution or vapour phase 
deposition processes. The film consist originally of silanes in a solvent matrix, most commonly 
chlorosilanes or alkoxysilanes. When the film is applied to a substrate the molecules in the active 
material will align themselves so that the strongest possible chemical bond is made to the surface as 
well as to surrounding molecules (Gelest Inc, 2006).  
 

2.4 Classification as a nanomaterial 

2.4.1 Synthetic amorphous silica  

Precipitated, gel and pyrogenic forms of SAS are composed of aggregates and agglomerates of 
primary particles, see section 2.2. According to Frujiter-Pölloth (2012) it is not expected that primary 
particles will exist outside of the reaction zones. Aggregates consist of strongly bonded or fused 
particles. Agglomerates are in turn held together by weak forces and consist of assemblies of loosely 
bound particles or aggregates. The surface area of aggregates are smaller than for the individual 
particles of which it is composed, while for agglomerates the surface area is similar to the sum of the 
surface areas of the individual components. Aggregates are therefore the smallest inseparable 
entities in commercial SAS (Frujiter-Pölloth, 2012).  
 
According to the proposed EU definition a nanomaterial contains particles in an unbound state or as 
an aggregate or agglomerate. Further, at least 1 % of the particles in the number size distribution 
should have one or more external dimensions in the size range 1-100 nm. In the majority of 
commercially available grades of SAS, aggregates have no dimensions less than 100 nm (Frujiter-
Pölloth, 2012). Therefore, precipitated, gel and pyrogenic forms of SAS does not fall within the 
definition of nanomaterial. However, colloidal silica is prepared with particle sizes from 5-100 nm, 
and could therefore be classified as a nanomaterial depending on the number size distribution of 
particles. It is however noted by ECETOC (2006) that colloidal forms of SAS typically agglomerate 
irreversibly under drying and may as such have dimensions larger than 100nm.  
 
According to the ISO definition a nanomaterial is a material with external or internal dimensions in 
the nanoscale, or with a surface structure in the nanoscale. Hence according to this definition all 
types of SAS would be considered nanomaterials.    
 

2.4.2 Nanofilm 

There are essentially three ways in which a surface treatment can be nano-structured. 
 
1. Through manipulation at atomic-molecular level by for example etching. This creates nano-

elements on the material’s surface, but the structure does not contain any nanoparticles per se.  
2. A surface can be coated with a film containing nanoparticles. The thickness of the film can be 

larger than 100 nm. 

                                                           
5
For a detailed explanation of the hydrolysis and condensation reactions involved, see Witucki (1993).  
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3. The surface is coated with a film with thickness within the nanoscale while the other dimensions 
are >100 nm. Macromolecules in the coating are bound to the surface of the substrate. This is 
the type of surface treatment considered for use by Trafikverket.  

 
The nanofilm formed when Nano ProHard is applied to road safety cameras would not be defined as 
a nanomaterial according to the proposed definition by EU, as it does not contain unbound particles, 
or particles in the form of aggregates or agglomerates. It can however be noted that the 
characteristics of the film are changing throughout the life cycle of the product. In the sol-state the 
product could, theoretically, contain nanoparticles, while the film in the gel-state as such does not 
contain nanoparticles. Depending on the size of particles in the sol-state and the number size 
distribution of these particles, the sol-state of the film could be classified as a nanomaterial 
according to the proposed EU-definition. 
 
However, according to the ISO-definition both the nanofilm and the sol-state of the product would 
be classified as nanomaterials. The published standard ISO TS 27687 defines a nano-object as having 
one or more external dimensions in the nanoscale. This includes also nanofibres, nanoplates and 
nanoparticles, where a nanoplate is defined as “Nano-object with one external dimension in the 
nanoscale and the two other external dimensions significantly larger” (Source: ISO/TS 27687:2008). 
This would be applicable to the nanofilm applied during maintenance of road equipment at 
Trafikverket.  
 
Figure 5 below provides an overview of different types of nanomaterial according to the ISO-
definitions ISO TS 27687 and ISO DTS 80004-4.    
 

 
Figure 5. Overview of different types of nanomaterial (Frujiter-Pölloth, 2012) 
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2.5 Applications of nano-silica and nanofilm  

Synthetic amorphous silica (SAS) has been used since the 1920s (European Commission, 2012). 
Different types of SAS have different applications depending on the physical and chemical 
characteristics, as illustrated in Table 2   
 
Thin films have a variety of applications depending on materials and production processes. 
Applications are ranging from consumer products such as surface sealers for glass and ceramic 
surfaces etc. (Norgaard et al., 2009), to applications in the electronics industry and in medicine 
(Swedish Chemicals Agency, 2012).  
 

Table 2. Overview of applications and properties of different types of SAS.  

Type  Application  Properties 
Colloidal 
silica 

Paper industry anti-slip properties; retention aids and in 
coatings of ink jet paper; better handling of 
recycled paper 

Chemical-mechanical planarisation (CMP) 
slurries 

polishing agent for Si wafers used to produce 
computer chips 

Coatings, paints, inks and adhesives increasing strength, scratch and abrasion 
resistance 

Precision metal casting and refractory moulds for casting around wax originals 

Food industry as an aid for clarifying wine, beer, fruit juices 
etc. 

building industry  thermal and acoustic insulation 

bulk plastics and composites  

photography  

metal surface treatment  

catalysis  

textile  

leather  

Precipitated 
silica 

reinforcement of elastomer products, 
primarily automotive tyres, footwear, 
rubber articles and cable sheathing 

In tyres, formulations using precipitated silica 
reduce rolling resistance, improve traction 
under slippery conditions and improve fuel 
efficiency 

Batteries  

Thermoplastic films antiblocking agent 

Food Industry carrier silica for liquids and semi-liquids and 
anti-caking agent in food powders 

Health care products (toothpastes, 
detergents and cosmetics) 

 

Paints and varnishes matting agents 

Paper industry  as advanced fillers in newsprint paper and in 
special coated papers for inkjet and direct 
thermal printing to enhance ink absorption 

Agricultural products  

Synthetic 
silica gels 

food and health products to selectively remove certain proteins and 
polyphenols that precipitate upon chilling 
anticaking agent and as a carrier for vitamins 
and as a tableting aid in pharmaceuticals 

cosmetics  face powders)  as flow conditioner and for oil absorption. 

protecting a wide variety of products 
during shipment and storage 

drying agent 

paints, catalysts, paper coatings etc.  
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Pyrogenic 
(fumed) 
silica 
 

silicone rubber applications as a reinforcement and thixotropic agent in 
plastics, gel coats, sealants and adhesives, 
cosmetics and toothpastes 

coatings and printing inks  

as a free flow, antistatic agent in animal 
feedstuffs and hygroscopic powders 

 

carrier for active ingredients  

In the manufacture of paper, 
decaffeinated coffee and tea, poultry and 
seafood processing, and oil refining 

antifoaming agent 

 

2.6 Production of nano-silica and nanofilm  

It has been noted that the production amount of ENMs is an important variable when analysing the 
flows of ENMs to the environment, and the prediction of environmental exposure (Gottschalk and 
Nowack 2011). Nevertheless there is not much known about the production and utilization of ENMs, 
including nano-silica (Piccinno, et al., 2012).  
 
According to the European Commission (2012) the annual global quantity of nanomaterials placed 
on the market is approximately 11.5 million tonnes. This is dominated by two nanomaterials, carbon 
black (9.6 million tonnes) and nano-silica (1.5 million tonnes). Piccinno et al. (2012) reports 
estimations from 1 000-100 000 tonnes per year, while Keller et al. (2013) reports that 81 200 
tonnes of SiO2 was produced in 2010, whereof 9 500 tonnes were used in the category coatings, 
paints and pigments.  
 
A survey made in Denmark shows that the nanomaterial in most products on the Danish market is 
found in the category ‘Nanoparticles suspended in liquids’ that comprises the many products for 
surface treatment. The remaining products are categorized as ‘Nanoparticles encapsulated in solid 
materials’, ‘Film in nanometre thickness’, ‘Surface-bound nanoparticles’ and ‘Nanostructured film’, 
where the nanomaterial is often encapsulated in or bound to the surface. No consumer products 
containing nanomaterials in free form have been found. 
 
Based on the product register KemI 2010 around half of the chemical products containing the word 
“nano” are used for surface treatment, for example different types of paint and surface sealers 
(Swedish Chemicals Agency, 2012a). Most of these products are consumer products (Swedish 
Chemicals Agency, 2012a). According to Swedish Chemicals Agency (2012a) there is no obligation to 
report to the product register whether a product contains nanomaterial, and if it is reported which 
of the ingredients in the product that are found in the nanoscale. For that reason it is not possible to 
say whether these products contain nanomaterial or not (Swedish Chemicals Agency, 2012b).  
 
According to Piccinno et al. (2012) the most likely explanation for the broad shape of the reported 
production amounts is the definition of ‘nano’. As the aggregates and agglomerates are not within 
the nanoscale, not all companies labelled their products with ‘nano’. It is also noted by Swedish 
Chemicals Agency (2012b) that a nanotechnology company does not necessarily imply the use of 
nanomaterials. Nanotechnology is defined as the manipulation of matter at nanoscale, not by the 
actual use of nanomaterial.  
 

2.7 Previous studies  

2.7.1 Life cycle assessments of nano-silica  

Two life cycle assessments have been found evaluating impacts of nano-silica.  
 



13 

Roes et al. (2010) investigated whether the addition of nano-objects to a polymer matrix could 
increase the mechanical properties of the polymer to the extent that a possible increase in 
environmental impacts caused by the nano-objects is compensated for. Twenty-three different 
nanocomposites were studied, including also composites containing nano-silica, and three 
conventional composites. Inventory data and environmental impacts (non-renewable energy use, 
CO2) is presented for all types of SAS (see 2.2). The LCI data was based on data from the European 
Commission BAT report (European Commission, 2007) and stoichiometry of the chemical reactions 
to produce silica. It was concluded that it can be beneficial to use nano-objects as an additive to the 
polymers in most cases, including the ones containing nano-silica. Toxicity of nano-silica was not 
discussed.  
 
Yekkalar, et al. (2013) performed a comparative LCA of concrete with and without addition of nano-
silica as a strengthening agent. A type of colloidal silica produced by Akzo Nobel in Sweden was 
assessed. Inventory data for the silica was gathered from the Akzo Nobel’s environmental report 
from 2009. Energy consumption, CO2, CO, NOX, SOX, CH4, N2O was analysed. No conclusions are 
drawn with regards to the environmental performance or toxicity of silica, but overall the study does 
not show any big difference between concrete containing silica and normal Portland concrete.  
 

2.7.2 Release of nanoparticles throughout the life cycle  

None of the LCAs described above discussed the possible release of nanoparticles to the 
environment or the toxicity of nanoparticles. Release of nanomaterials will however occur in all 
stages of the life cycle. To estimate quantities of released nanomaterial and its fate in nature (i.e. in 
to which environmental compartment it is released) is required in order to discuss toxicological 
aspects of nanomaterials from a life cycle perspective. So far only little is known about the actual 
environmental exposure, as there are not yet quantitative and specific trace analytical methods for 
detecting them in the environment. 

When discussing the potential release of nanomaterial into the environment it is important to know 
in what form the nanomaterial can be released in a particular life cycle stage. Possibilities are that 
they are released as (1) free nanoparticles; (2) in aggregated or agglomerated forms, or (3) 
integrated in a nanometer or micrometer sized material. Other questions that need to be addressed 
for all life cycle stages are under what conditions the nanomaterials are released, i.e. in what 
amounts and into which technospheres and environmental compartments (Som et al, 2010). The 
properties of ENMs can be transformed by physical, chemical and biological processes in the 
environment (Keller et al., 2013). Figure 6 below illustrates the form in which particles can be 
released into the environment.  
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Figure 6. Nanomaterials  can be released from different sources in different forms and change by 

environmental transformation reactions (Westerhoff and Nowack, 2013). 

Som et al. (2010) present a general overview of release of ENMs during different life cycle stages. 
Additionally Keller et al. (2013) present global material flows specifically for SiO2 and other 
nanomaterials, and their potential release during different life cycle phases. Som et al. (2011) also 
present a qualitative discussion of release of ENMs during different life cycle stages.  

Manufacturing:  
According to Som et al. (2010) and Gottschalk and Nowack (2011) the greatest likelihood of direct 
release and exposure to ENMs is during their manufacture, mainly due to the production and 
handling of dry powders (Bello et al., 2008; Han et al., 2008; Fujitani et al., 2008).   
 
Gottschalk and Nowack (2011) estimated a release from 0-2 % during manufacturing of ENMs. Based 
on this, Keller et al. (2013) consider total emissions from 0.1-2 % of the total production rate 
regardless of type of ENM, given the lack of specific manufacturing information for different types of 
ENM. The particles emitted during manufacturing are released to the atmosphere (10-40 %), water 
(10-40 %) and soil (20-80 %), see Table 3.  
 

Table 3. Release of ENMs during manufacturing to different environmental compartments (Keller et 
al., 2013)  

 Total release during 
manufacturing 

To air (%) To water prior to 
WWTP (%) 

To landfill (%) 

Low estimate 0.1 10 10 80 

High estimate 2.0 40 40 20 

 
 
Keller et al. (2013) assumes that the upper and lower bound estimates of emissions are applicable to 
both manufacturing of ENM and manufacturing of products containing ENMs. Differences may arise 
based on the method of manufacturing and type of products to which the ENM is incorporated. 
However, due to the lack of information on production processes it is not possible to account for 
such differences at the moment.  



15 

According to the European Commission (2012) workplace exposure can occur at production, when 
equipment is washed and during waste treatment. The risk of exposure depends on the work 
procedure and applied risk management measures. 

Use phase 
According to Som et al. (2010) experimental data on the release of ENMs during use are scarce. 
Frujiter-Pölloth (2012) notes that analytical data with regard to possible release of SiO2-particles 
from nanocomposites were not available. 
 
Some studies have been made for paints and coatings containing TiO2 and release of nano-TiO2 from 
coatings on wood, polymers and tiles have been reported, as well as release of nano-TiO2 from paint 
on facades. For coatings containing ZnO on the other hand, no significant release of nanoparticles 
has been reported (Som et al., 2010).  
 
The amount of nanoparticles released during the use-phase depend on several factors, such as the 
amount of ENMs in the product, the product’s lifetime, the way the ENMs are incorporated into the 
materials, and the actual use of the product. Products where the ENMs are embedded loosely, or 
products which are subject to intense use, will probably not contain ENMs at the time of disposal. 
Factors such as low rate of usage and strong fixation of the ENMs increase the likelihood that 
particles will not be released before disposal (Som et al., 2010).   
 
Som et al. (2011) note that the possible release of ENMs from facade coatings will depend on the 
type of bond to the matrix material. In some coating products the SiO2 react chemically with the 
binder, forming a very strong network of polymers. These types of coatings could in principal be free 
of ENMs. For TiO2 it has been indicated that ENM are likely to be released embedded in the dust 
produced by weathering or maintenance activities (Kaegi et al., 2008; Vorbau et al., 2009). This dust 
will end up on soils, in rainwater or the air.  
 
According to Keller et al. (2013) there is a limited number of studies on release of nanoparticles from 
specific applications and their estimations are therefore based on information from similar 
applications or studies on other types of NMs. Release of NMs from coatings, paints and pigments 
have been estimated between 10 and 90 % with a release to air (1 %), WWTP (60 %) and soil (35 %). 
These emissions are generic for all ENMs in the application category as there is little or no ENM-
specific data for each application.  
 
It is also noted by European Commission (2012) that exposure to humans and the environment at 
the use/consumption and waste stages varies according to application. Steinfeldt et al. (2007) note 
that the risk of release of nanomaterial to the environment from the product use phase is low if the 
intermediate product is liquid or the nanomaterials are tightly bound in a fixed film in the end 
product. The risk could be higher if the nanomaterials are bound in a film but is not stable in the long 
term (Steinfeldt, et al., 2007).   

Disposal  
It is likely that there will be releases of ENMs to the environment during the disposal phase, during 
recycling, incineration, landfill or via wastewater treatment plants (Royal Society, 2004). 
 
Keller et al. (2013) estimates the release of ENMs from various waste management methods by 
assuming the same potential of release for all ENMs and applications, due to the absence of case 
specific data. The authors assume that most of the nanosilica will end up in landfills, as it is rather 
insoluble. Coatings, paints and pigments have the highest likelihood of being released into soil and 
water as ENMs in these materials may be released into the environment from weathering.  
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Table 4. Potential ENM release from waste treatment processes (Keller et al., 2013). 

 Release 
from WIP 
into air (%) 

Release from 
WIP into slag 
(%) 

Release from 
WIP into 
filters (%) 

Release from 
WWTP into 
effluent (%) 

Release from 
WWTP into 
sludge (%)  

Low estimate 0.05 50 49.95 3 97 

High estimate 1 1 98 25 75 

 
 
Figure 7 below show global material flows for SiO2 (tonnes/year) in 2010 as presented by Keller et al. 
(2013).  

 
Figure 7.Global material flows for SiO2 (tonnes/year) in 2010. Maximum production and emissions 

rates has been assumed (Keller et al., 2013). 

 

 

2.7.3 Toxicity of nano-silica 

Several studies have been made to study the physico-chemical, ecotoxicological and toxicological 
properties of nanosilica. Tests have in general demonstrated the biological inertness of SAS and SAS 
has been considered safe for use. For example European Commission (2012) state that “----(SAS)  
have been on the market for a considerable time, including in high exposure conditions, with little, if 
any, known adverse health or environmental effects.”   
 
However, there have recently been some discussions about the safety of SAS materials that consist 
of aggregates and agglomerates made up of primary particles in the nanosize range, and on the 
limitations of the previously conducted studies (Napierska et al., 2010; Frujiter-Pölloth, 2012; 
Dekkers et al., 2013).  ECETOC (2006) noted that mammalian and environmental toxicology of SASs 
are influenced by its physical and chemical properties “particularly those of solubility and particle 
size”, but Napierska et al. (2010), Som et al. (2011) and Frujiter-Pölloth (2012) argue that physical 
and chemical properties such as crystallinity, composition and surface activity are equally or more 
important.  
 
Som et al. (2011) asses the health and environmental effects of different nanomaterials and 
concludes that based on current usage and available information the use of SiO2 “probably pose 
little to no hazard to the environment” and that it is considered “rather safe” with regards to human 
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health. However, the authors also note there is a lack of data on physiochemical properties of ENM 
and their transformation under experimental and environmental conditions; hence the factors and 
conditions that most influence the toxicity of nanomaterial are still uncertain.  
 
It has also been noted that it is difficult to interpret and compare previous studies as the 
nanomaterials analysed are often not well defined in terms of composition and physico-chemical 
properties (Napierska et al., 2010; Frujiter-Pölloth, 2012). Napierska et al. (2010) conclude that there 
is not sufficient information to clearly identify and characterize the health hazards of SAS and that it 
is not currently possible to define the appropriate conditions for safe use of these materials. Frujiter-
Pölloth (2012) concludes however that there appear to be no significant differences between 
nanostructured silica materials and silica nano-objects.  

2.7.4 Toxicity of silane based nanofilms  

Concern has previously been raised related to the toxicity of nanofilm sealing products. In Germany 
2006 just over 100 people needed medical treatment for serious respiratory difficulties after using a 
so called “nano-spray” to treat ceramic and glass surfaces in bathrooms. It was first believed that 
nanoparticles were the cause; however chemical analysis showed that the products did not contain 
nanoparticles. The cause for the health problems was later believed to be the combination of the 
active ingredients (fluorosilanes) with other chemical components in the spray (Jensen et al., 2010). 
 
Norgaard et al. (2009) presents data on emissions of volatile organic compounds (VOCs) and 
particles during use of four commercial nanofilm products used for making self-cleaning surfaces on 
floors, ceramic tiles, and windows. A number of VOCs were identified, including alcohols, ketones 
and ethers, chlorinated acetones, aperfluorinated silane, limonene, and cyclic siloxanes. The 
particles released were dominated by nano-sized particles.  
 
The authors state that the presence of the VOCs detected were not reported in the product material 
safety data sheet (MSDS) and that their presence may not even be known by the manufacturer. 
While some of these VOCs might cause adverse health problems the authors believe that short term 
effects are only expected if the products are used in poorly ventilated areas. The nano-sized particles 
emitted may be a mixture of solid particles, condensed semivolatile compounds, and gas-phase 
reaction products, depending on nanofilm product. It is hence noted that for nanofilms it is 
important to evaluate the exposure and toxicological risk based on user scenarios and not from the 
product composition itself as the exact chemical composition of these products are not readily 
available (Noorgard, et al. 2009).  
 
Norgaard et al. (2010) also reported on acute and severe lung damage in mice after inhalation of 
nanofilm floor-sealing products containing perfluorosilane. Two common commercial NFPs for 
sealing surfaces were analysed; one with and without perfluorinated silanes/alkylsiloxanes. The 
product containing alkylsilane had no toxic effect at the concentrations studied. Toxic effects from 
perfluorinated silanes and alkylsiloxanes could however be seen.  
 
It can be noted that Nano ProHard belong to the same family as these silane based nanofilms 
described earlier, but the exact content of the products is not known and it can therefore not be 
concluded that Nano ProHard should have the adverse effects described above.  
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3. Methodology 

3.1 Life Cycle Assessment 

There is a general consensus among the scientific and regulatory communities that the potential 
health and environmental risks of nanomaterials should be evaluated over their entire life cycle 
(Grieger et al., 2012).  

 
Life cycle assessment (LCA) is an ISO standardised methodology used to assess the potential 
environmental impacts of a product or service throughout its life cycle. The term ‘life cycle’ includes 
extraction of raw materials, production, transportation and distribution, use, and end-of-life  phases, 
see Figure 8. The total environmental impacts of a product/service system can be determined by 
summing the environmental impacts of each subsystem that make up the entire product/service 
system. 
 

 
Figure 8. Life cycle of a product system (UNEP, 2007) 

 
 
LCA consists of four phases: goals and scope definition, life cycle inventory analysis (LCI), life cycle 
impact assessment (LCIA) and interpretation. 

3.1.1 Goal and scope definition 

The goal of the study is related to the context in which it is performed, while the scope includes 
making choices related to the methodology which will be used in the modelling of the system 
(Baumann and Tillman, 2004). According to ISO (2006b), the goal should state “the intended 
application,  the reasons for carrying out the study, the intended audience, i.e. to whom the results 
of the study are intended to be communicated, and whether the results are intended to be used in 
comparative assertions intended to be disclosed to the public” (ISO, 2006b, p. 7).  
 
Furthermore, the “scope should be sufficiently well defined to ensure that the breadth, depth and 
detail of the study are compatible and sufficient to address the stated goal” (ISO, 2006b, p. 7). 
Definition of the scope include choice of options to model, functional unit, choice of impact 
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categories and method for impact assessment, system boundaries, and principles for allocation and 
requirements on data quality (Baumann and Tillman, 2004).  

3.1.2 Life cycle inventory analysis (LCI) 

The LCI phase involves the compilation and quantification of input data (e.g. the use of energy, 
water and material) and output data (e.g. generation of waste and emissions to air and water) of all 
the processes in the studied system throughout its life cycle. All input and output data  are related to 
a reference flow which is given by the functional unit (Hauschild, 2005). 

3.1.3 Life cycle impact assessment (LCIA) 

The LCIA phase aims at evaluating the significance of potential environmental impacts of the LCI 
phase (ISO, 2006b). Input and output data from the LCI is translated into information about impacts 
on the environment, human health and resources (Hauschild, 2005). There are several steps in the 
LCIA phase (Baumann and Tillman, 2004; Hauschild, 2005) 
 

 Impact category definition: Selection of impact categories, category indicators and 
characterisation models that represent the relevant environmental impact of the system 

 Classification: Assignment of the LCI substance emissions to the various impact categories 
according to their contribution to the environmental impact of each category 

 Characterisation: Calculation of the impact from each emission per category by using a 
characterisation factor  

 Normalisation: Relating the characterisation results to the actual (or predicted) magnitude 
for each impact category  

 Grouping: Sorting and ranking the characterisation results into one or more sets  

 Weighting: A qualitative expression of the relative importance of impact categories to reflect 
the relative importance of impact categories.  

Normalisation, grouping and weighting are optional elements according to ISO (ISO, 2006), while the 
selection of impact categories, category indicators and characterisation models and classification, 
and characterisation are mandatory.  

3.1.4 Interpretation 

The interpretation phase evaluates all the LCA results according to the defined goal and scope in 
order to reach conclusions and provide recommendations. To qualify the results and conclusions of 
the study the interpretation phase should include a sensitivity and uncertainty analysis (Hauschild, 
2005). 

3.2  Life Cycle Assessment of Nanomaterials 

The term ‘life cycle’ can be used in reference to both nanomaterials and nanoproducts in the context 
of nanomaterials (Som et al., 2009). A nanoparticle (e.g., SiO2) can for instance be incorporated into 
different nanomaterials (e.g. a polymer composite) which can then be used in different other 
products. Hence, there are a variety of use and end of life phases for nanomaterials, see Figure 9.  
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Figure 9. The cycles for ENMs are determined by the life cycles of the nanoproducts (reproduced from 

Som et al. (2009). 

Investigating nanomaterials from a life cycle perspective is recommended by several organisations 
and academics including the European Commission (2004, 2005), the Royal Society (2004), Morrison 
(2006), Davis (2007), Seager and Linkov (2008) and Klöpffer et al. (2007). Hischier and Walser (2012) 
and Gavankar et al. (2012) has conducted meta-analyses of the LCA of nanomaterials that can be 
found in the peer-reviewed literature. The authors note that whilst application of LCA to 
nanotechnology is often promoted, only few studies are actually applying LCA (Hischier and Walser, 
2012). Furthermore, none of these studies have addressed all life cycle phases. 
 
Figure 10 is an image of the life cycle of nanomaterials also capturing aspects such as the use of 
nanomaterials in products, the potential emissions of nanomaterials during various life cycle stages 
and the specific aspects related to the emerging nature of nanomaterials such as missing 
information and uncertainties. 
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Figure 10. Life cycle thinking and nanomaterials (adapted from Lazarevic and Finnveden (2013)) 

 
Previous studies have identified problems that arise in the different phases of an LCA when life cycle 
assessments are performed for nanomaterials. Below follows a description of these problems and 
recommendations for how an LCA should be performed for nanomateirals.  
 

3.2.1 Goal and scope definition  

Hischier and Walser (2012) note that a proper definition of the goal and scope of the LCA study for 
nanomaterials is of crucial importance in order to get meaningful results, especially for comparisons 
with traditional materials. Particularly the definition of the functional unit is important in 
comparative LCAs as the compared systems have to provide the same function (Hauschild, 2005). 
Many functions and material properties can be achieved at the nanoscale, hence the definition of 
the functional unit becomes even more difficult when dealing with nanomaterials. This is amplified 
when nanomaterials are used in products which are compared to conventional products.  
 
In previous LCAs of nanomaterials the functional unit has either been weight based (assessment of 
the environmental impact of the production of a specified quantity of nanomaterial) or service 
based (assessment of the environmental impact of the specific application of the nanomaterial). 
Hischier and Walser (2012) note that a weight based functional unit would only make sense if one is 
comparing alternative production processes to produce a certain amount of a nanomaterial. When 
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the goal of the study involves the use of a nanomaterial the functional unit should instead be 
defined in relation to the product performance during the use phase, i.e. the service provided by the 
product (Hischier and Walser, 2012).  
 
Additionally it has been stressed (Klöpffer et al., 2007) that LCA studies of nanomaterials and 
nanoproducts should address all life cycle stages. However, it has been noted (Griever, et al., 2012) 
that most studies are focus on a specific life cycle stage or on a cradle-to-gate study. Gavankar et al. 
(2012) note that the resource and extraction phases were well represented in previous LCA studies 
of NMs, however the use and end-of-life of the nanomaterials were frequently omitted. For studies 
which did consider the use phase there was limited information regarding how the use phase was 
considered (Hischier and Walser, 2012). The end-of-life phase is often disregarded due to data gaps 
(Bauer et al., 2008).  
 
According to Klöpffer et al. (2007) the goal and scope definition should reflect issues such as the 
potential rebound effects resulting from the use of nanoproducts, and if the use of nanoproducts 
will be in line with the product recommendations. The scope of the LCA must also consider functions 
and properties of the nanomaterial that may provide additional gains when used as a substitute for 
conventional materials. Use of sensitivity analysis in the interpretation phase is recommended to 
address these issues.  

3.2.2 Life cycle inventory analysis (LCI) 

Problems faced during the LCI phase of any product systems are collection and use of complete, 
reliable, transparent and acceptable data, including the explanation of assumptions (Klöpffer et al., 
2007). When LCA is applied to nanotechnologies and nanomaterials these problems are amplified 
(Klöpffer et al., 2007). As such, Hischier and Walser (2012) note that the core issues in the LCI phase 
are the availability of comprehensive and adequate LCI data for  engineered nanomaterials.  
 
Reasons for these difficulties have been stated as: nanotechnology is an emerging technology and 
there is lack of detailed knowledge regarding production processes, inputs and outputs to the 
system (Klöpffer, et al., 2007; Gavankar, et al., 2012); presently available LCI databases do not 
distinguish between bulk and nanomaterials; difficult to acquire proprietary information from 
companies and material producers due to data confidentiality; available data may be of low quality.  
 
Previous LCIs cannot be classified as comprehensive as they often lack nanomaterial specific data 
related to the outputs of the processes (Hischier and Walser, 2012). The majority of previous studies 
used publically available literature. Only in a few studies were data taken from either actual 
production plant (pilot and commercial), theoretical calculations, or process simulations. All studies 
included more or less detailed information on energy use and many studies included information on 
material inputs, however emissions to air, water and soil are often not covered for the NMs.  

3.2.3 Life cycle impact assessment (LCIA) 

The most common impact categories selected in LCA studies of nanomaterials are related to energy 
consumption (CED and GWP). Most LCAs of nanomaterials omit impact categories related to toxicity 
and eco toxicity, citing data and methodological gaps. If eco toxicity has been included in the study, 
the LCA does often not consider the ecotoxicity of nanoparticles (Hischier and Walser, 2012; 
Gavankar et al., 2012).  
 
However, the fact that there are data and methodology gaps does not mean that the impact of 
nanomaterials on the environment and human health should be ignored or omitted from analysis.  
Klöpffer et al. (2007) and Gavankar et al. (2012) suggest a screening approach to identify potentially 
significant issues and explore worst-case scenarios where nanomaterials have the highest intake 
fraction and an impact potential as high as that of the most toxic chemicals.  
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In case there are no quantitative data, qualitative assessments can be performed based on the 
available information on the nanomaterial and its release pathways. Reijnedes (2006) suggest a 
qualitative approach which distinguishes between the fixed/embedded and the free/dispersible 
state of a nanomaterial. Gavankar et al. (2012) suggest that the free/dispersible nanoparticles may 
be further classified according to the likelihood of their dispersion in conjunction with their size 
range.   
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4. Goal and Scope 

4.1 Goal 

4.1.1 Goal definition & reasons for carrying out the study  

The goal of this LCA is to compare the potential environmental impacts of maintenance of road 
safety cameras coated with self-cleaning nanofilm to the conventional maintenance regime 
undertaken by Trafikverket.  
 
This is done in order to fulfil objectives 2-4 above and answer the following questions 

1. What are the potential environmental benefits, or impacts, if Trafikverket were to 
apply self-cleaning coatings to their speed cameras, compared to conventional 
practice? 

2. What are the required conditions (if any) for the environmental impact of 
maintenance regimes based on self-cleaning coatings to be lower than the current 
maintenance regime? 

 

4.1.2 Intended audience & application  

This study has been commissioned by Trafikverket. It is intended to be used as a basis for their 
consideration of the application of self-cleaning nano-coatings to their road safety cameras. In 
addition the study is intended for a wider audience interested in life-cycle aspects of nanomaterials.  
 

4.2 Scope 

4.2.1 Products to model 

The product analysed in this LCA is the surface sealer Nano ProHard which is used by some of 
Trafikverket’s contractors in pilot projects for coating of road safety cameras (and other road 
equipment). Nano ProHard is produced in Switzerland by the Bühler group under the name 
NanorepelTM. The product is marketed in Scandinavia by RKM-gruppen under the name Nano 
ProHard. According to the manufacturer of the product Nano ProHard is produced by 
polycondensation of organically modified alkoxysilanes. It provides a nano-thin colourless protection 
layer on almost all surfaces (Buhler AG, 2013).  

4.2.2 Function of the system & functional unit  

The function studied in this system is the cleaning of road safety cameras. As recommended by 
Hischier and Walser (2012), see section 3.2.1, the functional unit should be based on the function of 
the system and not the weight of the nanomaterial. Therefore the functional unit is the 
maintenance of road safety cameras in Sweden to allow for an acceptable speed camera picture 
quality over one year. Figure 11 provides an illustration of a road safety camera.  
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Figure 11.  Illustration of a road safety camera (Swedish National Police Board, 2005). 

 

4.2.3 LCIA methodology and types of impacts 

There are a number of methods available for LCIA. In this study, the method ReCiPe Midpoint 
(Hierarchist) has been used (Goedkoop et al., 2013). This means that impact categories are studied 
at the midpoint level (e.g. acidification) as opposed to the endpoint level (e.g. damage to human 
health). The characterisation models are a source of uncertainty and in ReCiPe the sources of 
uncertainty are grouped into three different perspectives (Individualist, Hierarchist and Egalitarian). 
The Hierarchist perspective is based on the most common policy principles with regards to different 
issues, e.g. the time-frame over which environmental impacts are analysed.  
 
The impact categories considered in ReCiPe Midpoint (H) are the following:   

1. climate change 
2. ozone depletion 
3. terrestrial acidification 
4. freshwater eutrophication 
5. marine eutrophication 
6. human toxicity 
7. photochemical oxidant formation 
8. particulate matter formation 
9. terrestrial ecotoxicity 
10. freshwater ecotoxicity 
11. marine ecotoxicity 
12. ionising radiation 
13. agricultural land occupation 
14. urban land occupation 
15. natural land transformation 
16. water depletion 
17. mineral resource depletion 
18. fossil fuel depletion   
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In addition also Cumulative Energy Demand (CED) is chosen. CED represents the direct and indirect 
energy throughout the life cycle of a goods or service and is measured in MJ. The total CED is 
subdivided into main sources of energy: fossil CED and CED from nuclear, biomass, water, wind and 
solar energy (Frishknecht et al., 2007). The calculation of CED is based on the method published by 
Ecoinvent 2.2 and expanded by PRéConsultants for raw materials available in the database in 
SimaPro 7 (Goedkoop et al., 2008).  
 
While all the impact categories above may be of importance for this project the uncertainty in some 
impact categories could be higher than in others due to data gaps. Impact categories that are mainly 
related to production could be seen as less uncertain than impact categories related to human and 
ecotoxicity of the product. Human toxicity and ecotoxicity may be caused by spills and emissions in 
the use phase, both in the business as usual (BAU)-scenario and the Nano-scenario. This has not 
been taken into account in the LCA in a quantitative way. Additionally, none of these methods take 
explicit account of possible toxicity of nanoparticles. Instead it is assumed that nanomaterials 
behave as the same chemical composition dissolved in air and water. However, in this project a 
screening approach is applied in order to identify potentially significant issues. A qualitative 
assessment is made based on available information on nanomaterials and its release pathways.  
 

4.2.4 System boundaries 

The system boundaries determine what processes should be included in the LCA. ISO (2006b, p. 12) 
states that “Ideally, the product system should be modelled in such a manner that inputs and 
outputs at its boundary are elementary flows.” Decisions regarding what processes should be 
included or excluded from a study will ultimately have an influence on the result of the study. Hence, 
it is important that the models, assumptions and choices made should be transparent. 

Included processes  
All life cycle phases from extraction of raw materials to end-of-life have been included as 
recommended. However, waste management of the road safety camera is only included by a 
qualitative discussion. It has been assumed that there is no difference in waste management 
between coated and non-coated cameras, except for possible release of nanoparticles and/or other 
chemicals in waste treatment of coated cameras.  
 
The extraction phase includes extraction and transportation of raw materials and production of 
chemicals. These processes constitute the background system and inventory for these processes 
were taken from Ecoinvent 2.2 (Goedkoop et al., 2008).  The production phase includes production 
of detergents used in the BAU-scenario and production of the nano-coating and associated 
chemicals. Production of packaging is included, as well as transportation from manufacturer to the 
user. Production of sponges, rags etc. that are used for cleaning and applying the nano-coating has 
not been included in the analysis. The use phase, i.e. the maintenance of road safety cameras 
includes cleaning of the road safety cameras and in the case of nano-coating also the coating of the 
camera.  

Geographical boundaries 
Geography plays a role in LCAs as various parts of a product may be produced in different parts of 
the world; infrastructure, such as electricity production and transport systems, differs in different 
regions; the sensitivity of the environment to pollutants varies from one area to another. The 
maintenance regime for road equipment may also vary between countries.  
 
The nano-coating is produced in Switzerland and then transported to the end user in Sweden. The 
product is applied to road safety cameras in Sweden where emissions associated with the 
maintenance will occur. Most of the chemicals needed for production of the coating are produced 
with average European technology and average European transport conditions.  
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Time horizon 
To consider the time horizon is important for how far into the future impacts are considered. 
Present day emissions can give impacts far into the future. The time frames over which impacts are 
analysed depend on impact assessment method.  

Boundaries to other technical systems – allocation procedures  
Allocation to other technical systems can be a problem when a production process involves 
production of many different products. In this specific project an allocation problem occurs during 
maintenance of the road safety cameras, as inspection and maintenance is not a separate activity for 
the road safety cameras, but for all road equipment at the same time. No allocation to by-products 
has been accounted for in the production of the coating.  

Rebound effects 
Klöpffer et al. (2007) recommend a discussion on rebound effects in the goal and scope, and if the 
use of the nano-product will be in line with the product recommendation, see section 3.2.1. When 
applying a nano-coating to the road safety cameras there is a risk that more of the coating is applied 
than recommended and necessary, just to be on the safe side. There is also a risk that new coating 
layers will be applied more often than necessary, as the functionality of the camera is not seen 
during inspections.  
 
It can also be noted that the product is in fact not “self-cleaning”. In order for the dirt to roll of it has 
to rain, otherwise the cameras will have to be cleaned just as often as in the BAU scenario. This is 
not accounted for in ‘theoretical’ estimations of durability and effect of the nano-coating. There is 
also a risk that the coating cannot be applied during all weather conditions, for example if it is very 
cold outside. The coating can probably not be applied when it is raining or snowing, or when the 
surface is wet. In case it takes time for the coating to harden the coating can be destroyed by dirt 
and rain before hardening and thereby not give a sufficient protection later, which will require 
application of more coating.  
 

4.2.5 Assumptions and limitations  

Efforts have been made to find actual data for the production of the nano-coating by contacting the 
manufacturer and retrieving plant specific data, something that has been lacking in many other 
studies. However, due to the confidentiality of the quantities and types of chemicals used in the 
production this information could not be retrieved. Estimations on the contents of the product were 
therefore based on qualitative descriptions from references reviewed in 2.3.  
 
Information on maintenance regimes has been supplied by Trafikverket and its contractors, and is 
believed to be accurate. Information on application of the nano-coating on road safety cameras has 
been retrieved from the supplier of the product and from one of Trafikverket’s contractors who 
regularly uses nano-coatings on road equipment including road safety cameras.  
 
Figure 12 below provides an image of the life cycle of Nano ProHard also capturing aspects such as 
the potential emissions of nanomaterials during various life cycle stages and missing information and 
uncertainties. It can be compared to Figure 10 above for life cycle thinking of nanomaterials in 
general.  
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Figure 12. Life cycle thinking and Nano ProHard (adapted from Lazarevic and Finnveden, 2013). 
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5. Life Cycle Inventory 

5.1 Business as Usual  
The life cycle phases included in the BAU-scenario are extraction of raw materials, production of 
soap and packaging, transportation of soap to the user, and maintenance of road safety cameras, 
see Figure 13. Extraction of raw materials constitutes the background system which means that this 
data is not under control by the LCA-practitioner (Baumann and Tillman, 2004). Production and 
maintenance constitute the foreground system. All steps require input of energy and resources and 
cause waste generation and emissions.  
 

 
 
 
 
 
All maintenance of roads and road equipment within Sweden is handled by one of Trafikverket’s 
contractors (Trafikverket, 2013). Trafikverket has divided Sweden into 120 different operational 
areas (Sw: driftområden), each area consisting of about 700-1000 km of roads. One contractor takes 
care of the maintenance of roads and road equipment within that area. There are no general 
guidelines that all contractors have to follow; hence the maintenance regime undertaken varies 
between the different operational areas.  
 
The production stage includes production of the detergent used in the BAU-scenario. The 
manufacturer of the cameras recommends a mild detergent such as soft soap or liquid washing 
detergent. As the camera fronts are in plastic, no strong detergents can be used. The washing 
detergents used varies depending on contractor, for example liquid washing detergent, window 
cleaner and just water (even though the camera had not previously been coated with nanofilm).  
 
According to Nordisk Miljömärkning (2013) there are no available LCA or LCI for liquid washing 
detergent. No data has been found for production of window cleaner or liquid washing detergent in 
Ecoinvent 2.2. The detergent used in the BAU-scenario is therefore modelled using the Ecoinvent 
process “Soap, at plant/RER S”. It is assumed that the detergent is delivered in a plastic bottle made 
from PET. Production of PET has been included in the analysis, but not the actual production of 
bottles, as this data is not available in Ecoinvent.  
 
Transport of the detergent to the user is assumed to be performed with a truck. It is assumed that 
the product is manufactured in Sweden, and that the transportation distance to the end user is 300 
km.  

Energy and 
resources 

Emissions and 
waste 

Extraction of raw materials  

Production of soap  

Maintenance of road safety cameras  

Figure 13. Flow chart for the BAU-scenario. Extraction of raw materials constitutes the 
background system.  

Background System 

Foreground System 
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Maintenance of the road safety cameras includes inspection and cleaning of road safety cameras. It 
is written in the contract between Trafikverket and the contractor that all roads and road equipment 
has to be inspected with regular intervals. How often the road equipment is inspected depend on 
type of road, see Table 5. One some roads it is necessary to bring a TMA-truck for safety reasons. 
The TMA-truck is not usually brought on the inspection rounds. In case road equipment has to be 
washed or fixed a second round is made with the TMA-truck. In the base case scenario it is assumed 
that the road equipment is inspected once per week, that a diesel car is used and that the driving 
distance for inspection of one camera is 10 km. No TMA-truck is included.  
 

Table 5. Time interval between inspections of road equipment (Swedish Road Administration, 2008). 

Road Class Time interval 

1 3 times per week (even distribution) 

2 2 times per week (even distribution) 

3 Once per week 

4 Every other week 

5 Every other week  

 
According to the contract between Trafikverket and the contractor the road safety cameras are 
washed “when necessary”. There is no way to tell whether the camera is working or not, so the 
inspection mainly involves controlling that the camera looks ok, i.e. that it is clean and that there is 
no visible damage to the camera. 
 
The maintenance frequency varies between different roads and regions, depending on the annual 
average daily traffic (AADT), season and climate. On a highly trafficked road in the Stockholm region 
the cameras may have to be washed every week, while they are washed once per month on roads 
with low AADT in northern Sweden. In general the maintenance frequency is higher during the 
winter months, while the cameras may not have to be washed at all during summer.  
 
According to the contractor in Västra Södertörn not much detergent is needed to clean one camera, 
but the exact amount will depend on the person cleaning the camera and on the state of the 
camera. In the base case scenario an assumption is made that 0.1 L of water is needed, with a 
concentration of 10 ml detergent per litre water and it is assumed that the cameras are washed 
once per week.  
 
Table 6 below provides an overview of the assumptions made in the base case scenario for the BAU-
scenario.   
 

Table 6. Overview of the base case scenario used for modelling the BAU-scenario.   

BAU – Base case scenario 

Frequency for inspection of road equipment  Once per week 

Driving distance for inspection of one camera 10 km  

Maintenance frequency Once per week 

Detergent used  Soap  

Water needed to wash one camera 0.1 L  

Detergent used to wash one camera 10 ml / L water  
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5.2  Nano 
Several steps are involved in the application of the nanofilm to the road safety cameras. Before 
application of Nano ProHard the cameras have to be thoroughly cleaned. The supplier of Nano 
ProHard recommends that the cameras are first washed by using the same procedure as in the BAU-
scenario. It is then recommended that the cameras are cleaned with the product Nano ProHard 
Clean which is a blend of methanol and isopropanol. After this the film can be applied to the 
cameras.  
 
The life cycle steps included in the BAU-scenario are extraction of raw materials, production of Nano 
ProHard, Nano ProHard Clean, soap and packaging, transportation of these products to the end user, 
coating of road safety cameras and maintenance and recoating of the cameras, see Figure 14. Just as 
in the BAU-scenario extraction of raw materials constitutes the background system while the other 
steps constitute the foreground system.  
 
 

 
 
 
 
 
The production stage includes production of Nano ProHard, Nano ProHard Clean and production of 
soap (the same detergent as in the BAU-scenario).  
 
Information on the exact production process and materials used in the manufacturing of Nano 
ProHard is confidential, and it has not been possible to retrieve this information from the 
manufacturer. However, the manufacturer reveals that the product is produced by standard 
chemical processing without heating or cooling; hence the energy consumption is low during 
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Figure 14. Flow chart of scenario Nano. Extraction of raw materials constitutes the 
background system. 

Foreground System 

Background System 



32 

production. Further, the material conversion is nearly 100% and there will be very little waste. For 
that reason no energy consumption or waste generation is taken into account in modelling of the 
production phase.  
 
The material safety data sheet (MSDS) does not specify the contents of the product; it only reveals 
that the product contains more than 75 % ethanol. According to the supplier the final product 
contains 99.3 % ethanol. From the manufacturer it is known that some type of organically modified 
alkoxysilane is used as the active ingredients. The Ecoinvent processes “Tetrachlorosilane, at 
plant/kg/GLO” is used as an approximation, as no other inventory data for silanes were available in 
the database. Tetrachlorosilane is a byproduct from production of trichlorosilane. It is assumed that 
tetrachlorosilane makes up 0.7 % of the total volume of the final product.  
 
According to the supplier Nano ProHard Clean consists of 65 % ethanol and 35 % isopropanol. 
 
Bottles used for storage of Nano ProHard have to be resistant to 0.5 % hydrochloric acid. It is 
therefore assumed that Nano ProHard is packaged in bottles of polyethylene, HDPE, due to its 
resistance to hydrochloric acid. It is also assumed that Nano ProHard Clean is delivered in HDPE 
bottles. Production of materials for bottles are included in the analysis, however the actual 
manufacturing of the bottle is not included as this data is not available in Ecoinvent 2.2.  
 
Transportation of Nano ProHard and Nano ProHard Clean is performed with train from Switzerland 
to Malmö and then with truck from Malmö to Stockholm. A distance of 1600 km is assumed from 
Switzerland to Malmö and 600 km from Malmö to Stockholm. No transportation from Stockholm to 
the end-user is accounted for.  
 
Coating of cameras with the nanofilm involves, as described earlier, cleaning the cameras as in the 
BAU scenario, then cleaning with Nano ProHard Clean and finally applying the nanofilm. When the 
cameras are cleaned it is assumed that the same quantity of detergent and water is used as in the 
BAU-scenario, see Table 6. It is further assumed that 10 ml of Nano ProHard Clean will be used to 
clean the camera. According to the supplier 1 L of Nano ProHard is enough to coat 200 m2; hence 1.5 
ml is needed for coating of one road safety camera assuming a camera surface of 0.3 m2. It is enough 
to coat the camera once, even though a double application will give a better protection. In the base 
case scenario it is assumed that the coating is applied once.  
 
Maintenance of road safety cameras coated with Nano ProHard involves inspection of the cameras 
and washing of cameras when necessary. In the base case scenario it is assumed that the roads have 
to be inspected just as often in scenario Nano as in scenario BAU, hence the road safety cameras are 
inspected once per week.  
 
Once the cameras have been coated with Nano ProHard it should be enough to just wash them with 
water. How often the cameras are cleaned will, just as in the BAU-scenario, depend on where the 
camera is located and also on the weather. If it is not raining, the cameras will have to be washed 
more often. According to the supplier the maintenance frequency can be halved when the cameras 
are coated with Nano ProHard. In the base case scenario it is assumed that the cameras are washed 
every other week and with the same quantity of water as in the BAU-scenario, see Table 6.   
 
Recoating of cameras  
When the film originally applied has been worn off the cameras have to be recoated. According to 
the supplier the cameras can be recoated with Nano ProHard every five years. However, according 
to the actual users of Nano ProHard new layers have to be applied more often, sometimes as often 
as once per month, depending on the weather. A base case scenario is applied where the camera is 
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recoated once per year, with the same procedure as when the camera was first coated.  
 

Table 7. Overview of the base case scenario used for modelling the Nano-scenario  

Nano – Base case scenario 

Application of nanofilm   

Use of same detergent as in the BAU-scenario Soap  

Water needed to wash one camera 0.1 L 

Detergent used to wash one camera  10 ml / L water  

Volume of Nano ProHard Clean 10 ml 

Volume of Nano ProHard 1.5 ml  

Maintenance of road safety cameras   

Frequency for inspection of road equipment Once per week 

Driving distance for inspection of one camera 10 km  

Maintenance frequency Every other week  

Water needed to wash one camera 0.1 L  

Recoating frequency  Once per year  

 

5.2.1 Potential release of nanoparticles to the environment  

The potential release of nanoparticles throughout the lifetime of nanomaterials was described in 
section 2.7.2. This section aims to discuss the potential release of nanoparticles throughout the 
lifetime of Nano ProHard.  
 
As the contents of Nano ProHard is not exactly known a first question to consider is whether the 
product does contain nanoparticles at all, and if it does contain nanoparticles, what type of 
nanoparticles. According to the manufacturer of Nano ProHard the product does not contain 
nanoparticles, based on the company’s measurements. This could however be a matter of how 
‘nanoparticle’ is defined. It should also be noted that there are many different types of nanofilm 
products, and that they may or may not be produced with nanoparticles (as was described in 2.2). 
 
Other types of nanofilms do contain nanoparticles in the sol-state. According to Jensen et al. (2010) 
1 ml of nanofilm product in the sol-state may contain 108 to 1010 nanoparticles. The type of nanofilm 
described by Steinfeldt et al. (2007) contains particles in the size-range 40-50 nm in the sol-state. It is 
also noted by Possner and Andersson (2011) in the risk assessment for NanorepelTM that production 
of nanofilm may include formation of nanoparticles as intermediate reaction steps.  
 
Manufacturing 
According to Steinfeldt et al. (2007) the risk of release of nanoparticles during production with the 
sol-gel process is small to medium. As the process takes place in a liquid medium no dry powders are 
handled. Emissions to air will depend on temperature and vapour pressure of the process medium. 
The production of Nano ProHard takes place under standard temperature and pressure. Assuming 
that necessary precautionary measures are taken during the manufacturing of Nano ProHard the risk 
for exposure and release of nanoparticles may be low. The biggest risks are therefore related to 
cleaning of the equipment, in which case potential nanoparticles will end up in a waste water 
treatment plant. How well nanoparticles are removed during waste water treatment will dedend on 
the type of nanoparticle.  
 
Use phase  
Once Nano ProHard is applied to the road safety cameras the product forms a strong molecular 
bond with the coated surface and surrounding molecules. It is often claimed that this type of 
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nanofilm does not contain nanoparticles. For example Steinfeldt et al. (2007) state that there will be 
no release of nanoparticles from the film, even though the authors previously described the sol-state 
of the product as containing nanoparticles. Steinfeldt et al. (2007) note that it is not likely that 
particles will be released from the nanofilm as there are strong chemical bonds between molecules. 
However, Posner and Andersson (2011) states that nanoparticles can be released from surfaces with 
nano-sized features. As the road safety cameras have to be recoated regularly it can be assumed 
that most or some of the coating is worn of. According to Swedish Chemicals Agency (2012b) there is 
need for further investigation whether thin films or nanoparticles bound in matrices should be 
considered as reasons for concern or not, and what happens to these when products become waste. 
 
The cameras are coated in the open at their place beside the road. This will reduce potential health 
risks connected to inhalation of nanoparticles. According to the manufacturer the coating is applied 
with a rag. As it is not sprayed on to the cameras the risks of emission ought to be even lower. 
However there is always a risk of spills. Additionally it takes a while for the coating to harden 
completely and it can be assumed that there is a risk of release of particles during this time.  
 
Release of nanomaterials form coating of road safety cameras will most likely end up in water bodies 
and soil in the nature surrounding the road safety camera. Exactly what damage that can occur will 
depend on the local conditions and on the exact chemical compounds that are released, as well as 
on the form in which the particles are released (as free nanoparticles, as agglomerates or 
aggregates, or embedded in larger pieces of materials).  
 
Disposal 

In case the road safety camera is still coated with nanofilm at the time of disposal nanoparticles 
could be emitted to nature. The risk of release of particles to nature will then depend on the type of 
waste treatment process, and on the type of nanoparticles emitted. Nanosilica is, according to Som 
et al. (2011), stable during incineration, while other types of nanomaterials are not. The potential 
release of nanoparticles from landfill will depend on the solubility of the nanoparticles (Som et al., 
2011).  
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6. LCA results 

6.1 Identification of hotspots of environmental impact 
This chapter involves identification of hotspots in scenario BAU and Nano, i.e. the activities which 
cause the greatest environmental impact in the two scenarios respectively. Note that the results are 
valid only for the base case scenarios outlined in Table 6 and Table 7 in Chapter 5. 

6.1.1 Business as Usual  

When using data and assumptions as in the base case scenario (see Table 6) it is operation of 
vehicles for inspection of the road safety cameras that stands for the biggest share of impacts, see 
Figure 15. As all impact categories have a different unit (see Table B-1 in Appendix B) they are shown 
on a percentage scale where 100% is the total contribution to an impact category. The red bars show 
the relative contribution from operation of vehicles in the maintenance phase to the total impacts 
from the BAU-scenario, and the blue bars show the relative contribution of everything else (soap, 
water, packaging and transportation of soap) to the total impacts. It should be noted that as the 
total value is set to 100%, a high share of impacts might be a high share of a small or big overall 
impact. Table B-1 in Appendix B provides quantitative characterisation results.  
 

 
Figure 15. Characterisation results for scenario BAU. The red bars show the relative contribution of 

vehicles operation to the total impacts, and the blue bars show the relative contribution of everything 
else to the total impacts. Note that toxicity of emissions from soap in the maintenance phase has not 

been included. 

 
When the BAU-scenario is analysed in more detail, excluding operation of vehicles during 
maintenance, it is seen that it is the production of soap that stands for the biggest contribution to all 
impact categories, see Figure 16. Tap water used during maintenance has naturally a higher 
contribution to water depletion than to other impact categories. It should however be noted that 
possible emissions of soap during maintenance of the cameras have not been included, and that 
there is a high uncertainty in most of the impact categories. 
 
The main contribution to environmental impacts from the production of soap varies between impact 
categories. The soap is manufactured from palm oil, coconut oil and sodium hydroxide. The sodium 
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hydroxide has main impacts for the categories ionising radiation; human toxicity; freshwater 
eutrophication and marine ecotoxicity. Coconut oil contributes more to the impact categories 
agricultural land occupation and natural land transformation. Heat used in the chemical plant has 
the biggest contribution to fossil depletion. Other impact categories are mainly related to the 
production of palm oil.  
 
 

 
Figure 16. Contribution of materials and transportation to the overall impacts in BAU-scenario, 

excluding operation of vehicles in the maintenance phase. Note that toxicity of emissions during the 
maintenance phase has not been included. 

 
 

6.1.2 Nano  

Similarly to the BAU-scenario, it is the operation of vehicles during maintenance that has the biggest 
contribution to all impact categories in scenario Nano, see Figure 17. Table B-2 in Appendix B 
provides quantitative characterisation results.  
 
Analysing scenario Nano in more detail, excluding operation of vehicles in the maintenance phase 
(Figure 18), it is seen that Nano ProHard and Nano ProHard Clean stands for the biggest share of 
impacts in most impact categories. It can also be noted that cleaning the cameras with soap before 
coating is of importance, particularly for the impact categories marine eutrophication, terrestrial 
ecotoxicity, agricultural land occupation and natural land transformation. These are also the 
categories in which soap has the biggest impact for the BAU-scenario (see Figure 16).  
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Figure 17.Characterisation results for scenario Nano. The red bars show the relative contribution of 

vehicles operation to the total impacts, and the blue bars show the relative contribution of everything 
else to the total impacts. Note that toxicity of emissions during the maintenance phase has not been 

included. 

 

 
Figure 18. Contribution of materials and transportation to the overall impacts in Nano-scenario, 

excluding operation of vehicles in the maintenance phase. Note that toxicity of emissions during the 
maintenance phase has not been included. 
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It is ethanol that contributes most to impacts from Nano ProHard, see Figure 19. Tetrachlorosilane 
contributes mainly to the impact categories ozone depletion, agricultural land occupation, and 
natural land transformation. It should be noted however that toxicity of emissions during the use 
phase of the product has not been taken into account.  
 

 
Figure 19. Contribution of components in Nano ProHard to overall impacts of the nanofilm. Note that 

toxicity of emissions during the maintenance phase has not been included. 

 

6.2 Comparison of Business as usual and Nano  
A comparative assessment is made between scenario Nano and BAU as outlined in Table 6 and Table 
7. Operation of vehicles in the maintenance phase is excluded from the comparative assessment as 
it is the same in both systems. Figure 20 shows characterisation results for comparison of the two 
scenarios.  
 
As the impact categories all have different units (see Table B-1 Appendix B) they are shown on a 
percentage scale. The BAU-scenario is set to 100%, and the Nano scenario is shown relative to this. 
For example, in the impact category climate change the Nano scenario has about 70% less impact 
then the BAU-scenario. It can be seen that the BAU-scenario has the biggest contribution to all 
impact categories, except for fossil fuel depletion, due to the consumption of ethanol in the Nano-
scenario. However, it should be noted that the uncertainty is high in several impact categories, 
especially for impact categories related to the toxicity of possible emissions in the use phase.  
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Figure 20. Characterisation results for comparison of Nano and BAU scenarios, excluding operation of 
vehicles in the maintenance phase. The BAU-scenario is set to 100% and the Nano-scenario shown in 
relation to this. Note that toxicity of emissions during the maintenance phase has not been included. 

 

6.3 Sensitivity Analysis 
There are many uncertainties in the study, for example type and quantity of detergent in the BAU-
scenario, type of chemicals used to produce Nano ProHard, number of times the cameras have to be 
recoated and driving distance in the maintenance phase. A sensitivity analysis is performed in order 
to test the influence on the output for changes in input parameters, and to see for which 
assumptions it is more/less favourable to use a nano-coating. Figure 21-24 below outlines results 
from the sensitivity analysis. In all figures the BAU base case scenario (Table 6) is set to zero, and the 
other scenarios are shown in relation to this.  
 
A sensitivity analysis is first performed for maintenance frequency and amount of detergent in the 
BAU-scenario. A scenario where the maintenance frequency is reduced to once per month and one 
where only water is used for cleaning the cameras (washing frequency once per week) is compared 
to the Nano-scenario, see Figure 21. The BAU-scenario could have lower impacts than Nano for 
some impact categories if the maintenance frequency is reduced. For example, in the impact 
category climate change, the Nano-scenario has an almost 70% lower impact than the BAU-scenario, 
while maintenance once per month has an about 80% lower impact. A BAU scenario where only 
water is used for maintenance will naturally have much lower impacts than the Nano-scenario, 
except for in the impact category water depletion.  
 

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

Comparison BAU and Nano  

Nano - Base case scenario BAU - Base case scenario



40 

 
Figure 21. Sensitivity analysis for maintenance frequency and type of washing detergent in the BAU-
scenario. The BAU base case scenario (maintenance with soap once per week) has been set to zero, 

and the other scenarios are shown relative to this.  

 
A second large uncertainty is the type of chemicals used to produce the nanofilm. It is assumed that 
the content of ethanol is relatively certain; hence the main question marks are related to the active 
components of the product. Inventory data for colloidal silica is readily available from the European 
Commission (2007), hence a scenario is analysed where nano-silica is used in the coating. Table A-5 
and A-6 in Appendix A outlines how the nano-silica is modelled in SimaPro. Further, Ecoinvent 2.2 
contains inventory data for a generic inorganic chemical (Chemicals inorganic, at plant/GLO S) 
including average data for the 20 most commonly produced inorganic chemicals in Europe. An 
analysis is made where this product is used in addition to the ethanol. It should be noted that these 
scenarios (nano-silica and generic inorganic chemical) may not be chemically realistic, i.e. the blend 
of the other chemicals with ethanol may not produce a nanofilm when applied to a surface.  
 
Figure 22 below shows a comparison between the BAU and the Nano-scenario, a nano-coating 
produced with colloidal SAS and a coating produced with a generic chemical modelled with the 
Ecoinvent process “Chemicals inorganic, at plant/GLO S”. The BAU-scenario is set to zero and the 
other scenarios shown in relation to this. The figure shows that there is only a small difference 
between the different chemicals. This is probably due to the low quantity of chemicals compared to 
the ethanol and the fact that all other processes are the same between the systems. A bigger 
difference can be seen when comparing characterisation results for the chemicals alone.  
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Figure 22. Sensitivity analysis for type of active ingredient in the nanofilm. All other processes are the 
same between the products. The BAU base case scenario has been set to 0, and the other scenarios 

shown relative to this.  

 
The recoating frequency in the Nano-scenario will have a big importance for the impacts of 
maintenance in the scenario with nano-coating.  Based on descriptions from contractors using Nano 
ProHard on road safety cameras it can be expected that the cameras will have to be recoated more 
often than once per year. Figure 23 shows a comparison of scenario Nano with recoating once every 
other year and recoating every other month compared to the Nano and BAU base case scenarios.  
 
It is seen that recoating the cameras with nanofilm every month will increase the impacts 
substantially compared to the Nano base case scenario. There is a particularly large increase in the 
impact category fossil depletion, due to the big amounts of ethanol used in the scenario with coating 
once per month. Impacts from the BAU-scenario is still higher for the impact categories in which 
soap was the dominating reason for impacts (marine eutrophication, terrestrial ecotoxicity, 
agricultural land occupation, natural land transformation), see Figure 16.   
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Figure 23. Sensitivity analysis for recoating frequency. The BAU-base case scenario is set to zero, and 

the other scenarios shown in relation to this.  

 

Finally a sensitivity analysis is performed for operation of vehicles in the maintenance phase. The 
base case scenario for BAU is compared to a scenario for half the transportation distance and for 
using a car + TMA-truck (as explained in chapter 5), see Figure 24. Using both a car and a TMA-truck 
in the maintenance of road safety cameras will increase the impacts of maintaining road safety 
cameras substantially. It can be noted that the change in impacts from altered transportation 
distance is proportionate to changes in transportation distance. For example reducing the 
transportation distance with 50% will reduce the impacts with 50%.  
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Figure 24. Sensitivity analysis for operation of vehicles in the maintenance phase. The BAU-base case 
scenario (no TMA-truck, driving distance 10km) is set to zero, and the other scenarios shown in 
relation to this.  

 

6.4 Tipping points between Nano and BAU-scenario  
The sensitivity analysis revealed that the environmental impacts from the BAU and Nano-scenarios 
can be influenced by choice of maintenance frequency and quantity of detergent, recoating 
frequency, and driving distance and type of vehicles needed for the maintenance. Type of chemicals 
used in Nano ProHard did not have a significant influence on the result. In the base case scenario 
Nano had smaller impacts than BAU, but the sensitivity analysis revealed that this may not always be 
the case. Tipping points between the two scenarios are identified in order to determine under which 
conditions the BAU-scenario will have lower impacts than Nano.  
 
The tipping points are identified in order two answer two questions.  

i. How much less soap is needed for BAU to have a smaller impact than Nano?  
ii. How much less operation is needed for BAU to have a smaller impact than Nano?  

 
Operation of vehicles and production of soap were identified in section 6.1 as the biggest 
contributors to the environmental burden of the BAU scenario (the hotspots). It is of interest to 
analyse whether it is possible to reduce the use of detergent and the operation distance during 
maintenance. In that case further discussions on toxicity can take place, as this is an uncertain factor 
at the moment. If there are no benefits from possible reduction in transportation distance/detergent 
use, then there may be no need for Trafikverket to further investigate the toxicity of Nano ProHard.  
 
The tipping points are not analysed for all the impact categories that were presented in Chapter 6.1 
and 6.2. The uncertainty in the toxicity impact categories were discussed previously, hence the 
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tipping point for these categories have not been analysed. Furthermore, it can be assumed that 
cumulative energy demand and emissions of GHG follow each other relatively well. Other impact 
categories may be less important when taking decisions on which maintenance regime to choose. 
Hence tipping points are only analysed for GHG-emissions.  
 
Table 8 below show the tipping points between scenario BAU and Nano depending on the volume of 
soap (excluding operation of vehicles in the maintenance phase). If the volume of soap exceeds 
these values then the BAU-scenario has higher contribution to climate change than the Nano 
scenario. Likewise if the volume of soap is reduced below these values, then the BAU-scenario will 
have lower contribution to climate change than the Nano-scenario. As the maintenance frequency in 
the BAU scenario can vary between different roads the tipping point is evaluated for a maintenance 
frequency from once per month to three times per week, and for recoating frequencies from every 
other month, to every other year.  
 
For example: The maintenance in the BAU-scenario usually takes place once per week and cameras 
coated with nanofilm are recoated once per year (as in the base case scenario, see Chapter 5). If the 
volume of soap used for cleaning the cameras exceeds 4ml/L water, then the BAU-scenario has 
higher contribution to climate change than the Nano scenario. In case maintenance usually takes 
place once per month and recoating is required every other month, then the volume of soap can be 
increased up to 67 ml/L of water before the impacts from Nano becomes equal to impacts in the 
BAU-scenario.  
 

Table 8. Tipping points between scenario BAU and Nano depending on volume of soap. If these 
volumes are exceeded, the BAU-scenario will have higher contribution to climate change than the 
Nano-scenario. Maintenance once per week in the BAU-scenario and recoating with nanofilm every 
other month is the base case scenario presented in Chapter 5.  

 Maintenance 
once per month 

Maintenance 
every other week 

Maintenance  
1 time/week 

Maintenance 
2 times/week 

Maintenance  
3 times/week 

Recoating 
every other  
month 

67 ml 23 ml 10 ml  5 ml  4 ml  

Recoating 
once per year 

15 ml  7 ml  4 ml 2 ml 2 ml 

Recoating 
every other 
year 

8 ml  4 ml 2 ml 2 ml 1 ml 

 
 
Secondly, a tipping point is analysed for operation of vehicles in the maintenance phase. The 
inspection frequency and the driving distance is the same in both BAU and Nano base case 
scenarios, therefore impacts from vehicles operation is the same in both scenarios. Assumedly the 
Nano-scenario will always have the same, or lower, emissions from vehicle operation than in the 
BAU-scenario. Either the inspection frequency of road equipment will continue to be the same in 
both cases, or it will be possible to reduce impacts from vehicle operation due to reduced 
maintenance frequency with a nano-coating. For example, in case the maintenance frequency can 
be reduced with a nano-coating a TMA-truck could perhaps be used less often than in the BAU-
scenario.  
 
Table 8 below shows the GHG-emissions (kg CO2-eq.) depending on inspection frequency of road 
equipment and driving distance. It is thereby possible to analyse the reduction in GHG-emissions 
that are possible to achieve by choosing a different driving pattern. For example: the driving distance 
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is 10km and the road safety equipment is inspected once per week with a regular car in both 
scenario Nano and BAU. The GHG-emissions in both scenarios are then 86 kg CO2-eq. If it is instead 
assumed that the BAU-scenario requires car + TMA-truck, while a regular car is enough in the Nano-
scenario, there would be a difference of 960-86=874 kg CO2-eq. between the two scenarios 
(assuming driving distance 10km and inspection once per week).  
 

Table 9. GHG-emissions (kg CO2-eq.) for operation of vehicles depending on inspection frequency and 
driving distance.  

Driving 
distance 
(km) 

Every other 
week 

Once per 
week  

Twice per 
week 

Car + TMA-
truck every 
other week 

Car + TMA-
truck once 
per week 

Car + TMA-
truck twice 
per week 

10 43  86 173 480 960 1920 

20 86 172 344 960 1920 3840 

30 129 258 516 1440 2880 5760 

40 172 344 688 1920 3840 7680 

50 215 430 860 2400 4800 9600 

 
  

7. Comparison to other emissions of nanoparticles  

Of the nano-related products considered for use at Trafikverket only Meyco for grouting in tunnels 
has been stated to actually contain nanoparticles of silica. It is not known in what quantities the 
product is used and therefore what emissions that are expected. Hölttä et al. (2009) investigated the 
release of silica colloids from silica sol gel used for grouting and the stability of the silica sol. It was 
shown that the salinity of groundwater had a significant influence on the release and stability of 
silica colloids. In saline groundwater the particle size varied from a few nanometers up to thousands 
of nanometers. After one year the particles had aggregated and sedimented. In low salinity 
groundwater the particle diameter remained less than 60nm and the silica colloids were stable. 
However, the authors note that there are still many uncertainties to evaluate, such as quantification 
of colloid generation under realistic repository conditions and investigation of mobility of colloids.  
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8. Discussion and conclusions  

The aim of this study was to (i) Provide a state-of-the-art background on the types, production 
processes, uses and current debates on the classification, and human and eco-toxicity of nano-silica 
and silane based nanofilms; (ii) To analyse if there are any arguments, from an environmental 
perspective, for the application of self-cleaning coatings to speed cameras compared to 
conventional practice; (iii) To qualitatively discuss the potential importance of nanoparticle 
emissions in the context of other sources of nanoparticle emissions.  
 
An LCA was performed for maintenance of road safety cameras in a BAU-scenario and for road 
safety cameras that have been coated with the surface sealer Nano ProHard. The LCA served two 
purposes (1) identify the hotspots of the two systems (attributional LCA) and (2) analyse which 
scenario had the lowest environmental impacts (comparative LCA).  
 
Results from the two attributional LCAs showed that hotspots in the BAU-scenario are operation of 
vehicles in the maintenance phase and production of soap, mainly due to use of palm and coconut 
oil as raw materials. Operation of vehicles in the maintenance phase was the main contributor to all 
impact categories also in the Nano-scenario, followed by production of Nano ProHard Clean, soap 
and Nano ProHard.  
 
No other studies with a similar scope has been found, nor other LCAs of similar types of coatings. It is 
therefore not possible to compare the findings with results from other studies. However, the high 
contribution of ethanol to the impacts from coatings has also been reported by Raibeck et al (2009) 
for other types of coatings and active ingredients. This confirms results from the sensitivity analysis 
that showed that the output did not change significantly when other types of active ingredients was 
used in Nano ProHard. It can therefore be seen as likely that it is in fact production of ethanol that is 
the main source of impacts from the production of the nanofilm.  
 
The comparative LCA showed that the scenario Nano has lower contribution than the BAU-scenario 
to all impact categories. However, it should be noted that this result is based on the assumptions in 
the base case scenarios (see table 5 and 6 in chapter 5). The sensitivity analysis revealed that results 
can vary considerably depending on use of detergent in the BAU-scenario and on the recoating 
frequency in the Nano-scenario. It is therefore not possible to conclude that Nano will always have a 
lower impact than the BAU-scenario. 
 
The results from the attributional and comparative LCAs are uncertain. Uncertainties in scenario 
Nano are mainly related to lack of knowledge on the contents of the product. The biggest difficulty 
in the assessment was the lack of knowledge on the contents of the nanofilm. Further information 
on the actual content of Nano ProHard is required in order to properly assess the environmental 
risks and impacts of using the product. However, due to the confidentiality of such data it may be 
difficult to make more detailed assessments. It was also noted in the risk assessment performed for 
Nano ProHard by Possner and Andersson (2011) that conclusions are difficult to draw due to the lack 
of knowledge on the contents of the product. 
 
There was also a problem with inventory data in the BAU-scenario. Even though it is well known 
what types of detergents that are used in the BAU-scenario the study was limited by lack of 
inventory data for these detergents and approximations had to be made. As the main reason for 
impacts in the BAU-scenario were the raw materials in the soap the result is likely to vary 
significantly depending on type of detergent used. It should be noted that the tipping points 
between scenario Nano and BAU (see Table 8) will change depending on the detergent used.  
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Additionally, the toxicity of possible emissions of nanoparticles, as well as toxicity of other emissions 
related to the use phase (for example VOC, spills of soap, and release of other chemicals from the 
nanofilm) has not been analysed. Hence there is a big uncertainty in the result, especially for data 
related to human toxicity and ecotoxicity. This is very relevant especially when comparing scenario 
Nano and BAU. Even though the production of the nanofilm can have lower (for example) GHG-
emissions than production of detergent in the BAU-scenario, it could have higher contribution to 
toxicity aspects in the use phase. Based on the available data for Nano ProHard it is not possible to 
draw conclusions on which alternative is the better.  
 
It is seen in the sensitivity analysis that results could be very different had other assumptions been 
made in the base case scenario. This is particularly related to maintenance and recoating frequency 
in the two scenarios and to operation of vehicles in the maintenance phase. It is therefore possible 
to identify a few scenarios where maintenance as in the BAU-scenario would have lower GHG-
emissions than in the Nano-scenario, and the other way around.   
 
In cases where very little detergent is used for cleaning, for example in those cases where only water 
is used in the BAU-scenario, it may not be beneficial to use a nanofilm. However, in case the road 
safety cameras are usually washed very often, and/or with big amounts of detergent, use of 
nanofilm could have lower GHG-emissions than maintenance in BAU-scenario. However, it can again 
be emphasised that the toxicity of the products in the use phase has not been assessed. This is an 
aspect that must be considered when deciding on maintenance regime. It must also be noted that 
soap is not the commonly used detergent in maintenance, and that the tipping points could be very 
different depending on detergent used. 
 
Nano-coatings are generally described in terms of their benefits for reduced maintenance frequency 
and reduced need of hazardous chemicals for cleaning. However, no hazardous chemicals or big 
amounts of detergents are used in the BAU scenario for maintenance of road equipment in 
Trafikverket. By using nanofilm products on the road safety cameras (and other road equipment) 
Trafikverket is instead introducing a chemical product of unknown content to its operation. Hotspots 
identified in the BAU-scenario were operation of vehicles in the maintenance phase, and the use of 
soap. It may therefore be of interest for Trafikverket to investigate the possibilities of reducing 
impacts from these two areas first, before nano-coatings are applied to road safety cameras 
regularly. 
 
It can be concluded that there are no clear environmental benefits if Trafikverket were to apply self-
cleaning coatings on their road safety cameras, compared to conventional practice. The main source 
of impacts from maintenance of the road safety cameras is operation of vehicles and this cannot be 
reduced by application of nanofilm with the current requirement of inspecting the cameras at 
regular intervals.  
 
If substantially less soap can be used, and the inspection of road safety cameras can be made less 
frequent in the Nano than in the BAU-scenario it might be beneficial to use Nano, but only from an 
energy and GHG-perspective. Toxicity risks need to be further evaluated. It should also be 
remembered that reductions in GHG-emissions from vehicles operation and detergent use may be 
achieved by other means than coating of road safety cameras with nanofilm. Considering the lack of 
knowledge on Nano ProHard, and the possible toxicity of its components it is not recommended that 
the product is used without further investigations into the contents of the product.  
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APPENDIX A – Ecoinvent processes used for modelling 

This appendix presents tables outlining the Ecoinvent processes used when modelling the BAU and 
Nano-scenarios in SimaPro.  
 

Table A-1. Soap and water in the BAU-scenario  

Material/process Ecoinvent process  Description  

Soap  
For cleaning of road 
safety cameras  

Soap, at plant/RER S Production of soap out of fatty acids from palm 
and coconut oil. Technology representing typical 
European production mix in the mid 90s.  

Water  
For cleaning of road 
safety cameras 

Tap water, at 
user/RER S 

Rough estimation investigated for water works in 
Switzerland and data for energy use in Germany.  

 

Table A-2. Materials used in the production of Nano ProHard and Nano ProHard Clean 

Material/process Ecoinvent process  Description  

Silanes  
In Nano ProHard  

Tetrachlorosilane, at 
plant/GLO S 

The multioutput-process trichlorosilane 
hydrogenation delivers the co-products 
tetrachlorosilane and silicon tetrahydride. Allocation 
based on stoichiometry. The inventory is modelled for 
the world. 

Ethanol  
In Nano ProHard 
and Nano 
ProHard Clean  

Ethanol from 
ethylene, at 
plant/RER S 

The multioutput-process "ethylene hydration process" 
delivers the co-products ethanol 99.7% in H2O and 
diethyl ether 99.95% in H2O. The allocation is based 
on mass balance. The inventory is modelled with data 
from plants in Europe and India. 

Isopropanol  
In Nano ProHard 
Clean 

Isopropanol, at 
plant/RER S 

Average European processes for raw materials, 
transport requirements and electricity mix used. Large 
uncertainty of the process data due to weak data on 
the production process and missing data on process 
emissions. 

Generic chemical 
Used in 
sensitivity 
analysis of Nano 
ProHard  

Chemicals inorganic, 
at plant/GLO S 

An unweighted average of the first 20 inorganic 
substances, being part of the top-100 chemicals in 
Ecoinvent 2.2. Based on chemicals from Europe, 
Switzerland and global level. Present technology for 
the production of the different included chemicals.  

 

Table A-3. Material for packaging of products in BAU and Nano-scenario  

Material/process Ecoinvent process  Description  

HDPE-bottle  
For Nano 
ProHard and 
Nano ProHard 
Clean  

Polyethylene, HDPE, 
granulate, at 
plant/kg/RER 

Technology used is polymerization out of ethylene 
under normal pressure and temperature. Data are 
from the Eco-profiles of the European plastics industry 
(PlasticsEurope).  

PET-bottle  
For soap  

Polyethylene 
terephthalate, 
granulate, bottle 
grade, at plant/RER S 

Average data for the production of bottle grade PET 
out of ethylene glycol, PTA and amorphous PET in the 
European plastics industry.  
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Table A-4. Transportation processes for BAU and Nano-scenario  

Material/process Ecoinvent process  Description  

Rail transport  
For transportation 
of Nano ProHard 
and Nano ProHard 
Clean from 
Switzerland to 
Sweden  

Transport, freight, 
rail/RER S 

Data refers to average transport conditions in Europe. 
Data for rail infrastructure reflect Swiss conditions. 
Data for vehicle manufacturing and maintenance 
represents generic European data. Data for the 
vehicle disposal reflect Swiss situation. For the 
manufacturing of vehicles, the data reflects a current 
modern locomotive.  

Transport with 
lorry  
For transportation 
of soap, Nano 
ProHard and Nano 
ProHard Clean 
within Sweden  

Transport, lorry 
>32t, EURO5/RER S 

The data for vehicle operation and road infrastructure 
reflect Swiss conditions. Data for vehicle 
manufacturing and maintenance represents generic 
European data. Data for the vehicle disposal reflect 
the Swiss situation. Diesel fuel.  

Diesel car 
For operation of 
vehicles in the 
maintenance phase 
of road equipment 

Transport, 
passenger car, 
diesel, fleet 
average 2010/RER 
S 

The data for vehicle operation and road infrastructure 
reflect Swiss conditions. Data for vehicle 
manufacturing and maintenance represents generic 
European data. Data for the vehicle disposal reflect 
the Swiss situation. 

TMA-truck 
For maintenance of 
road safety 
cameras 

Transport, lorry 
7.5-16t, 
EURO5/RER S 

The data for vehicle operation and road infrastructure 
reflect Swiss conditions. Data for vehicle 
manufacturing and maintenance represents generic 
European data. Data for the vehicle disposal reflect 
the Swiss situation. Diesel fuel.  

 

Table A-5. Material use in production of colloidal synthetic amorphous silica used in sensitivity 
analysis. 

Material input 

Material Quantity Ecoinvent Description  

Water 40 L Water, unspecified natural 
origin, CH 

 

Sulphuric acid 0.66 kg  Sulphuric acid, liquid, at 
plant/RER U  

Average technology and state-of-the-
art technology used in European 
sulphuric acid production plants from 
1990 to 2000, approximately. 

Sodium 
silicate 

3.9 kg Sodium silicate, spray powder 
80%, at plant/RER U 

Average data from 6 European 
producers for production year 1995 

Natural gas 15 MJ Heat, natural gas, at industrial 
furnace low-NOx >100kW/RER 
S 

The module calls the module 'natural 
gas, burned in industrial furnace low-
NOx >100kW'. Extrapolation from 
Switzerland to Europe (RER). 
Technology available in mid 1990s. 
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Table A-6. Air and water emissions for production of colloidal synthetic amorphous silica used in 
sensitivity analysis.  

Emissions to air  

Particulates 1.3 g 

Carbon monoxide 0.825 g 

Nitrogen oxide 0.723 g  

Emissions to water 

COD 1.2 g 

Particulates 6.6 g 

Sulphate 0.588 kg 

Waste water generation  35 kg  
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APPENDIX B – Characterisation results.  

This appendix presents characterization results for scenario BAU (Table B-1) and Nano (Table B-2) 
both including and excluding operation of vehicles.  
 

Table B-1. Characterization results for scenario BAU including operation of vehicles in the  

maintenance phase.  

Impact category Unit Total BAU  
(excluding 
vehicles) 

BAU 
(operation 
of vehicles) 

Climate change kg CO2 eq. 1.03E+02 8.75E-02 1.02E+02 

Ozone depletion kg CFC-11 eq. 1.45E-05 4.84E-09 1.45E-05 

Human toxicity kg 1,4-DB eq. 1.76E+01 4.16E-02 1.75E+01 

Photochemical oxidant formation kg NMVOC 4.13E-01 4.51E-04 4.12E-01 

Particulate matter formation kg PM10 eq. 1.39E-01 2.36E-04 1.39E-01 

Ionising radiation kg U235 eq. 2.25E+01 1.72E-02 2.25E+01 

Terrestrial acidification kg SO2 eq. 3.17E-01 4.04E-04 3.16E-01 

Freshwater eutrophication kg P eq. 1.51E-02 2.47E-05 1.51E-02 

Marine eutrophication kg N eq. 1.56E-02 1.97E-04 1.54E-02 

Terrestrial ecotoxicity kg 1,4-DB eq. 1.79E-02 3.76E-03 1.41E-02 

Freshwater ecotoxicity kg 1,4-DB eq. 3.97E-01 1.14E-03 3.96E-01 

Marine ecotoxicity kg 1,4-DB eq. 4.41E-01 5.15E-04 4.41E-01 

Agricultural land occupation m2a 5.98E-01 1.24E-01 4.74E-01 

Urban land occupation m2a 3.81E+00 6.78E-04 3.81E+00 

Natural land transformation m2 3.64E-02 1.03E-03 3.53E-02 

Water depletion m3 3.98E-01 1.56E-02 3.82E-01 

Metal depletion kg Fe eq. 6.43E+00 5.82E-03 6.43E+00 

Fossil depletion kg oil eq. 3.59E+01 1.87E-02 3.58E+01 

Cumulative energy demand MJ 1.78E+03 3.22E+00 1.78E+03 
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TableB-2. Characterization results for scenario Nano including operation of vehicles in the 
maintenance phase. 

Impact category Unit Total Nano  
(excluding 
vehicles) 

Nano 
(operation 
of vehicles)  

Climate change kg CO2 eq. 1.02E+02 2.81E-02 1.02E+02 

Ozone depletion kg CFC-11 eq. 1.45E-05 1.43E-09 1.45E-05 

Human toxicity kg 1,4-DB eq. 1.75E+01 4.80E-03 1.75E+01 

Photochemical oxidant formation kg NMVOC 4.12E-01 1.25E-04 4.12E-01 

Particulate matter formation kg PM10 eq. 1.39E-01 3.43E-05 1.39E-01 

Ionising radiation kg U235 eq. 2.25E+01 2.57E-03 2.25E+01 

Terrestrial acidification kg SO2 eq. 3.16E-01 8.80E-05 3.16E-01 

Freshwater eutrophication kg P eq. 1.51E-02 7.70E-06 1.51E-02 

Marine eutrophication kg N eq. 1.54E-02 9.93E-06 1.54E-02 

Terrestrial ecotoxicity kg 1,4-DB eq. 1.43E-02 1.46E-04 1.41E-02 

Freshwater ecotoxicity kg 1,4-DB eq. 3.96E-01 1.10E-04 3.96E-01 

Marine ecotoxicity kg 1,4-DB eq. 4.41E-01 8.64E-05 4.41E-01 

Agricultural land occupation m2a 4.79E-01 5.03E-03 4,74E-01 

Urban land occupation m2a 3.81E+00 1.41E-04 3.81E+00 

Natural land transformation m2 3.53E-02 4.24E-05 3.53E-02 

Water depletion m3 3.86E-01 3.64E-03 3.82E-01 

Metal depletion kg Fe eq. 6.42E+00 1.04E-03 6.42E+00 

Fossil depletion kg oil eq. 3.58E+01 1.92E-02 3.58E+01 

Cumulative energy demand MJ 1.78E+03 9.53E-01 1.78E+03 

 


