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Purpose: In this article, the utilisation of a case side stream, aqueous paint sludge is 
studied in accordance with the principles of the circular economy. The study's main 
objective is to find new potential utilisation possibilities for aqueous paint sludge 
generated in the region and take a closer look at the role of logistics in the industrial 
side stream utilisation-based business cases and value chains.  

Study design/methodology/approach: In this article, the utilisation of aqueous paint 
sludge is studied via a descriptive case study in the context of Northern Ostrobothnia, 
Finland. The current state of the paint sludge problem was analysed by interviewing 
five company representatives. In addition, a workshop was organised, and before the 
workshop, a questionnaire was sent to all invited. 

Findings: As a result, the most feasible solutions for aqueous paint sludge utilisation 
were identified and evaluated from economic, technical, and environmental points of 
view in the context of this study. In all the proposed solutions, one general challenge 
was the logistics for narrow material flows from decentralised sources in a relatively 
large geographical area.  

Originality/value: Prior case studies of paint sludge utilisation as a raw material have 
been conducted, but the logistics have not played a significant role in the studies. 
Logistics has been an important part of the circular economy in the literature. This 
study reaffirms this notion and finds logistics to have an important and decisive role 
in industrial side stream utilisation-based business cases and value chains. 
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1 Introduction 

The circular economy has become an increasingly visible part of society. Even though the 
circular economy is seen as an environmentally friendly approach, its benefits are limited to 
issues related to the environment and the economy (Ellen McArthur Foundation, 2013; 
Lewandowski, 2016; Wijkman & Skånberg, 2015). The list of the benefits of the circular 
economy is long and diverse, including being a competitive factor for the companies involved, 
creating employment, and being a driver of economic growth (Wijkman & Skånberg, 2015).  

Well-being has traditionally been related to constant economic growth based on a linear “take-
make-waste” economy, but the scarcity of natural resources is becoming a limiting factor for 
that line of thinking (Van Buren et al., 2016; Ellen McArthur Foundation, 2013). The circular 
economy is seen as a potential solution to the challenges of the linear economy and for the 
equation of constant economic growth and limited natural resources (Bocken et al., 2016; Van 
Buren et al., 2016). Most circular economy solutions utilising industrial side streams are formed 
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around the strongest locomotives of the economy, typically heavy industries, where the volume 
of side streams or waste is the highest (Bocken et al., 2016; Orko, 2020).  

In this article, the utilisation of a case side stream, aqueous paint sludge, in accordance with the 
circular economy principles is studied. Paint sludge is a type of paint waste generated in 
industrial painting processes. Paint sludge is considered hazardous waste that is typically 
disposed of by landfilling or by incineration. However, by disposing of the paint sludge, 
potentially usable resources are lost, and costs from the disposal ensue. Therefore, this article 
studies the option to utilise paint sludge as a valuable raw material instead of disposing of it.  

Examining different aspects of the circular economy and industrial side stream utilisation, this 
study focuses particularly on the logistics related to circular economy value chains and business 
ecosystems. Case studies of paint sludge utilisation as a raw material have been conducted 
earlier (e.g., Burande, 2017; Salihoglu & Salihoglu, 2016), but the logistics have not played a 
significant role in the studies. This is the research gap this paper aims to fill, and thus the 
following two research questions are set for this study. 1) What is the role of logistics in 
industrial side stream utilisation? 2) What are the greatest challenges in the utilisation of the 
case side stream? 

2 Literature review 

2.1 Circular economy 
The circular economy is a relatively new concept that has gained a lot of popularity in recent 
years (e.g., Bocken et al., 2016; Korse et al., 2016; Schulte, 2013; Kirchherr et al., 2017; 
Urbinati et al., 2017) and according to Van Buren et al. (2016) it can be seen as "the latest stage 
in the evolutionary debate on sustainability". The circular economy has many ecological and 
economic benefits, such as the efficient resource utilisation of materials, environmental 
friendliness, and energy effectiveness (Deloitte, 2016; Lewandowski, 2016; Stahel, 2016; Sitra, 
2016). The circular economy also serves as a platform for more sustainable economic growth 
and creating employment (Wijkman & Skånberg, 2015). 

The circular economy takes a lot of its inspiration from nature, where no waste exists as 
everything is merely a resource for other organisms in the ecosystem (Bocken et al., 2014; 
Schulte, 2013; Stahel, 2016). Whereas in a traditional linear “take-make-waste” economy, 
products are discarded as waste after use (Van Buren et al., 2016; Stahel, 2016), the circular 
economy aims to lengthen the lifecycle of products, maximising their value creation and 
minimising waste generation by maintaining the utility of the resources within the economy 
(Korse et al., 2016; Schulte, 2013; Urbinati et al., 2017). 

In the circular economy, waste is eliminated through product and production designs (Bocken 
et al., 2016; Lewandowski, 2016). Materials circulate peripherally during the lifecycle of 
products so that hardly any waste or emissions are generated during the process (Ellen 
McArthur Foundation, 2013). In terms of product design, the amount of virgin raw materials 
used in the manufacturing processes is minimised (Van Buren et al., 2016). The products are 
designed to be easily recycled at the end of their lifecycle (Stahel, 2016). They are manufactured 
using sustainable materials which can be returned to the biosphere (Ellen McArthur Foundation, 
2013). Circular economy production systems are designed to enable the return and repair of 
products without the costs and disturbances it causes in optimised linear systems (Schulte, 
2013). The circular economy also has some unique business models related to reverse logistics 
and the return of products to the manufacturer (Van Buren et al., 2016). Even though the circular 
economy can be seen as a superior alternative to the linear economy, Van Buren et al. (2016) 

Leppänen et al. | The Role of Logistics in Industrial Side Stream Utilisation 18



note that poorly designed circular economy systems are not better than linear economy systems, 
for example, if the excessive use of logistics or energy is required. 

2.2 Waste and industrial side streams 
The European Waste Framework Directive 2008/98/EC defines waste as "any substance or 
object which the holder discards or intends or is required to discard" and a by-product as "a 
substance or object, resulting from a production process, the primary aim of which is not the 
production of that item." A by-product is not waste if "(a) further use of the substance or object 
is certain; (b) the substance or object can be used directly without any further processing other 
than normal industrial practice; (c) the substance or object is produced as an integral part of a 
production process, and (d) further use is lawful, i.e. the substance or object fulfils all relevant 
product, environmental and health protection requirements for the specific use and will not lead 
to overall adverse environmental or human health impacts.” (European Union, 2008) In our 
definitions, these materials discussed here are industrial side streams that only become by-
products once they are productised into repeatable and standardised products.  

The directive 2008/98/EC also presents a hierarchy of waste management options that are from 
the most to least favourable: prevention, preparing for re-use, recycling, another recovery (e.g., 
energy recovery), and disposal. Waste should be disposed of only if higher priority options are 
not technically or economically possible. (European Union, 2008) According to Stahel (2016), 
the viability of the waste management option is related to the resources needed. When a product 
is re-used, minimal effort is needed to process the product, whereas, in recycling, the amount 
of the required resources is significantly higher (Stahel, 2016). Directive 2018/851 makes 
amendments to Directive 2008/98/EC. It encourages member states to take appropriate 
measures to recognise by-products better to promote the circular economy, sustainable use of 
resources and industrial symbiosis (European Union, 2018). 

2.3 Business ecosystem and industrial symbiosis 
A business ecosystem is a dynamic structure that consists of an interconnected network of 
companies, organisations, and other stakeholders, including suppliers, distributors, customers, 
competitors, and government agencies who create value through cooperation and competition 
(Moore, 1993). The core concept of a business ecosystem and nature's ecosystem is the same. 
Ecosystems have different actors creating value together with dynamic and non-linear 
interaction between them, and just like in nature, the exact boundaries of ecosystems are hard 
to define. (Kandiah & Gossain, 1998, Iansiti & Levien, 2004; Wieland et al., 2012) However, 
a healthy business ecosystem offers stable relationships and value creation to its members, and 
it can evolve and renew itself to survive, just like ecological ecosystems (Iansiti & Levien, 
2004; Moore, 1993). 

In circular economy business ecosystems formed around industrial side stream utilisation, the 
central actors are usually the strongest locomotives of the economy, usually heavy industries, 
generating significant amounts of side streams. This company at the centre can concentrate on 
its core business and let other companies in the ecosystem utilise the produced side streams as 
raw materials. These companies form an industrial symbiosis with the side stream producer 
with mutual benefits. (Van Buren et al., 2016; Orko, 2020) According to Chertow (2000), 
industrial symbiosis is a form of close cooperation between actors in a business ecosystem. It 
involves exchanging materials, energy, water and/or side streams enabled by physical 
proximity. For example, Van Buren et al. (2016) mention the importance of business 
ecosystems in circular economy solutions and state they are necessary to bring different 
companies and other stakeholders together for effective side stream utilisation. 
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2.4 Business case analysis 
A business case analysis is a method used to evaluate the feasibility of different business 
propositions, both qualitatively and quantitatively. The benefits, costs, and risks of proposed 
projects can be evaluated with a business case analysis. The company can focus its limited 
resources on the most valuable projects based on the analysis. Implementing projects without 
an adequate analysis means company resources may be used that could have been better used 
elsewhere. (Kinnunen et al., 2011) According to Berghout and Tan (2013), one key benefit of 
a proper business case analysis is the identification of unviable projects before a lot of resources 
are committed to them. According to Kinnunen et al. (2011), business case analysis consists of 
a market assessment, technical assessment, financial analysis, strategic fit, and decision-making 
evaluation. 

A market assessment deals with issues such as customer needs, the opportunity window, the 
size of the market, and competition. A technical assessment deals with the technical feasibility 
of the proposition and the required resources to implement it. Financial analysis provides a 
quantitative value for the economic feasibility of the proposition based on the market and 
technical assessment. Lastly, before decision-making, the strategic fit of the proposition is 
evaluated, which means considering whether the proposition is in line with the company's 
strategy and, for example, how a proposed new product fits into the company's product 
portfolio. (Kinnunen et al., 2011) 

2.5 Logistics 
The concept of logistics consists of controlling forward and reverse flows of goods, services, 
and information between the point of origin and the point of consumption so that the right 
product is at the right place at the right time and in the right condition (Bartolacci et al., 2012; 
Uckelmann, 2008). Logistics can be a significant part of the cost structure for products, and 
lowering the logistics cost is usually one of the first places potential savings are sought. The 
logistics costs consist mainly of warehousing and transportation costs, including raw material 
transportation from suppliers to manufacturers, processing of the materials, transportation from 
production to a warehouse, the costs of warehousing, and transportation costs from the 
warehouse to the customer (Fahimnia et al., 2011). Planning and optimisation are closely related 
to logistics and achieving economic benefits, but emissions are another important aspect of 
logistics. Polluting fossil fuels are still used in contemporary transportation modes, and other 
forms of emissions are also generated. Therefore, optimising logistics strategies can achieve 
higher cost-efficiency, effectiveness, and environmental sustainability (Bartolacci et al., 2012). 

Reducing logistics emissions has a vital role in preventing global warming and other harms to 
nature and the environment. Road transportation especially causes emissions, noise, and traffic 
congestion (Zheng & Zhang, 2010), but it is usually the most flexible and necessary part of 
almost every supply chain. The common utilisation of a transportation fleet is one way to reduce 
emissions and raise the amount of transported quantity of freight. This usually means 
outsourcing the logistics to a third-party provider that may transport the goods of several 
producers simultaneously. This leads to a higher utilisation rate of the fleet, which directly 
affects fuel consumption and the generation of emissions. (McKinnon, 2010; Zheng & Zhang, 
2010) Considering emissions and fuel consumption is important in circular economy solutions 
due to their environmentally friendly nature. As mentioned earlier, circular economy solutions 
may be worse than well planned linear economy solutions if excessive usage of fuel or energy 
occurs (Van Buren et al., 2016). 

When planning new business cases and value chains, logistics and material flow need to be 
considered from the very beginning when determining locations for different operations (Porter, 
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1985; Zhao, 2014). This is critical in typical circular economy solutions, where companies 
utilising side streams should be close to the producers of the side streams (Orko, 2020). 
Logistics is an essential part of the circular economy because transporting materials is almost 
always a requirement for the circular economy (Sitra, 2016). The circular economy principles 
comprise also returning the products to the manufacturer (Lewandowski, 2016). The feasibility 
of reverse logistics depends on the length of transportation, the amount of transported materials, 
and the cost of the processing (Fahimnia et al., 2011). 

3 Materials and methods 

The research process started with an extensive literature review on the circular economy and 
industrial side stream utilisation and related subjects such as business ecosystems, industrial 
symbiosis, value chains, business case analysis and logistics. Additionally, prior research on 
paint sludge utilisation was studied. In this article, the utilisation of aqueous paint sludge is 
studied via a descriptive case study (Yin, 2014) in the context of Northern Ostrobothnia, 
Finland. Multiple large-scale national wood product manufacturers are in the region, and their 
interest in this study was to find alternatives to the costly disposal of paint sludge. Companies 
producing paint sludge side streams, potential utilisers of paint sludge, other companies in the 
related value chains, and regional development companies were involved in the empirical study. 
The scope of this research was narrowed down to only studying aqueous paint sludge as it was 
thought to have better utilisation potential due to containing fewer environmentally harmful 
substances. In addition, the use of aqueous paint is increasing. 

In the empirical analysis, the chemical composition of paint sludge identified different 
utilisation possibilities for the paint sludge, their economic, technical, and environmental 
feasibility, and their business potential were studied. Many other solutions have been proposed 
based on the literature review on paint sludge utilisation (e.g., Burande, 2017; Gautam et al., 
2010; Muniz et al., 2003). Some have only been tested in laboratory conditions (Muniz et al., 
2003) but some are already widely used in certain parts of the world (Gautam et al., 2010). 
However, none of them is reportedly used in the geographical area of this study. The 
composition of three dewatered paint sludge samples from different sources was analysed by 
XRF analysis to understand the material's suitability for various utilisation possibilities. Most 
of the solutions proposed in this study were found from the existing literature (Burande, 2017, 
Gautam et al., 2010; Salihoglu & Salihoglu, 2016), but some were innovated by the researchers 
based on the chemical compounds found in paint sludge samples.  

The current state of paint sludge generation was analysed by interviewing five company 
representatives. The interviews were informal and semi-structured, and of the five companies 
interviewed, three were wood processing companies such as sawmills and window and door 
frame manufacturers which were generating aqueous paint sludge in their painting processes, 
one was a technology provider in the potential value chains of paint sludge utilisation, and one 
was a regional development company. Furthermore, related to the most potential paint sludge 
utilisation option identified, one paint manufacturer company representative was interviewed 
to gain their insight into the technical feasibility of the utilisation option and to gauge their 
interest in going further with it. In addition, a workshop was organised with 12 participants 
where a multidisciplinary group of researchers, industry experts and company representatives 
involved in the study innovated new paint sludge-based products and solutions and evaluated 
their business potential, costs, feasibility, and practicality in the context of the geographical 
characteristics present at the country and region this study was conducted in. Before the 
workshop, a questionnaire was sent to all invited to gain more insight into the current state of 
the paint sludge problem in the region. The results of the questionnaire (seven answers) served 
as the basis for the workshop. 
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As a result, the most feasible solutions for aqueous paint sludge utilisation were depicted, and 
some calculations about the cost of logistics were made for the most potent option identified. 
In all the proposed solutions, one general challenge was the logistics for narrow material flows 
from decentralised sources in a relatively large geographical area. This prompted this study to 
look at the role of logistics in the industrial side stream utilisation-based business cases and 
value chains. Lastly, the results of this study were evaluated from the point of view of how they 
could benefit the industrial side stream utilisation phenomenon. The most important lessons 
learned were identified, and the research questions were answered. Figure 1 illustrates the 
research process, research questions, used research methods and materials. 

 

Figure 1: Research process, research questions and research methods used 

4 Results 

4.1 Paint sludge utilisation in literature 
Paint sludge is a type of paint waste generated in industrial painting processes. Paint sludge is 
considered hazardous waste and is typically disposed of by landfilling or by incineration. If 
paint sludge is incinerated, the volume of the remaining ash is roughly 10% of the original 
volume, but due to its harmful compounds, it still needs to be landfilled. However, in both 
methods of disposing of, the resources used to manufacture the original product are lost. 
(Salihoglu & Salihoglu, 2016)  

In the literature, paint sludge is usually recommended to be utilised as a raw material for new 
paints, but this can be problematic due to altering material features, such as the chemical 
composition and colour. Therefore, the utilisation of liquid paint sludge as a raw material in 
construction materials, such as concrete, cement, mortar, and asphalt, has also been studied. In 
these solutions, liquid paint sludge can be used to replace the water used in a manufacturing 
process without significantly affecting the properties of the final product. (Burande, 2017; 
Salihoglu & Salihoglu, 2016)  

One tested method of processing paint sludge is pyrolysis. Pyrolysis is a chemical reaction 
executed by burning the material in oxygen-free circumstances. In this reaction burning liquid, 
gas, and inert solid materials can be produced. The amount of waste is also reduced to one-
fourth of the original amount. (Muniz et al., 2003; Rosli et al., 2018) Cement kiln incineration 
is an already used method for disposing of paint sludge. In this method, paint sludge binds into 
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cement and may work as a fuel as well. The toxic emissions are neutralised when reacting with 
other incinerated materials. (Gautam et al., 2010; Tiwary et al., 2014) An experimental method 
for utilising paint sludge is to use it in chemical catalysts. Paint sludge includes significant 
amounts of aluminium, titanium, and silicon, and all were tested for this purpose with relatively 
good results (Romar et al., 2016). 

 

4.2 Chemical composition of paint sludge 
The composition of the paint sludge was determined by XRF analysis, the main results of which 
are shown in Table 1. According to the analysis, paint sludge contains roughly 25–30 different 
components, the most common of which are carbon, aluminium, titanium, and silicon in oxide 
forms. The contents are presented as a percentage of the dewatered paint sludge samples. 
Therefore, the less significant raw materials are not shown in the table. 

Table 1: The main results of the XRF analysis of three different samples (% of the material) 
Sample C TiO� Al�O� SiO� CaO Na�O S Cl P�O� Zn Ba 
1 31.10 10.83 23.66 6.55 0.88 3.20 2.00 1.33 0.04 0.17 0.03 
2 42.20 18.85 7.43 5.34 0.94 1.27 0.67 0.03 0.11 0.00 0.01 
3 23.00 21.94 18.94 9.85 7.29 1.61 1.00 0.06 0.11 0.01 0.01 
Average 32.10 17.21 16.68 7.25 3.04 2.03 1.22 0.48 0.08 0.06 0.02 

4.3 Analysis of the current state of the paint sludge problem 
According to interviewed experts and answers from companies, it is estimated that roughly 300 
tons of aqueous paint sludge are generated in Finland annually. However, the produced amounts 
differ according to the size of the company and its painting operations, being roughly 100–600 
kg per week. First, the paint sludge is dewatered using chemicals, which mainly consist of 
aluminium salts, and the remaining still slightly moist and pliable paint sludge bricks are stored 
and then eventually transported for disposal. 

A common way of disposing of generated paint sludge is to deliver it to the nearest waste 
management facility certified to dispose of hazardous waste. According to the questionnaire 
answers, the frequency companies deliver paint sludge for disposal usually varies between one 
to four times a month. Some companies disposed of the paint sludge fewer times a year when 
the disposed of amounts were naturally higher, in one case up to 10 tons per delivery.  

According to company answers, the cost of disposing of one kilogram of paint sludge varied 
between 0,5–1,2 € depending on the amount of paint sludge produced and the frequency paint 
sludge is transported for disposal. The properties of the paint sludge, such as the colour and 
chemical composition, varies according to the used paint. Tens of different paints may be used 
in one company. Sludges of different paints are not separated in the collecting process, and thus 
the bricks of paint sludge are usually a heterogeneous mixture of different types of paint sludge. 

4.4 Options for paint sludge utilisation 
The following options for paint sludge utilisation were chosen for further evaluation due to the 
presumed suitability of the material and hypothetical benefits: 

• Separating components from paint sludge 

• Using paint sludge as an agent for chemical catalysts 

• Incineration of paint sludge in a cement kiln 

• Utilising paint sludge as a raw material in paints 
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The evaluation was based mostly on the presumable technical feasibility, economic benefit, 
market potential, or other benefits such as environmental friendliness. The solutions of utilising 
paint sludge in a liquid form, such as using it in construction materials, were abandoned early 
on due to higher logistics costs compared to solutions utilising paint sludge in dewatered form. 
The pyrolysis of the paint sludge was not included because the method has only been studied 
in laboratory conditions. The cost of the industrial-level process of paint sludge pyrolysis was 
estimated to be economically unfeasible. 

4.4.1 Separating components from paint sludge 

The option to separate rare or valuable components from paint sludge was studied. These 
materials of interest were especially barium, titanium dioxide, as well as aluminium. According 
to the results of the XRF analysis, paint sludge contains 10–20% titanium dioxide and 
aluminium each, whereas the barium content was only 0.016% on average. The barium content 
of paint sludge was thought to be higher initially, but after the XRF results, this option was 
ruled out. In addition, according to interviewed chemistry experts, barium is a very inert 
material that is hard and expensive to separate from the sludge in the first place. The separation 
of aluminium and titanium oxide is more feasible because of their relatively high content in the 
paint sludge. However, the separation of each component may demand unique processes and 
investments in new technology. Therefore, even if valuable components can be separated 
successfully from the paint sludge, economies of scale may not be achieved. In addition, the 
costs of separation, investments in new technology, and logistics would make operations 
unfeasible. Because of these factors, this option to utilise paint sludge was deemed unfeasible. 

4.4.2 Paint sludge as an agent for chemical catalysts 

The most experimental solutions chosen for further evaluation were to utilise paint sludge as 
an agent for chemical catalysts. Catalysts are materials used to speed up or slow down chemical 
reactions without taking part in them. Catalyst agents are cheap and inert materials to which the 
actual catalysts are attached, but they may also work as catalysts themselves. (Romar et al., 
2016) Especially aluminium, silicon, and titanium have been tested as support agents in cobalt 
catalysts which can be used, for example, in the Fischer-Tropsch reaction (Romar et al., 2016). 
This is a relatively high-value option to utilise paint sludge. According to Romar et al. (2016), 
the Fischer-Tropsch reaction in the catalytic conversion of synthesis gas is an interesting 
opportunity to produce transportation fuels. 

The basis of the utilisation is the high concentration of the components mentioned earlier. 
According to the XRF analysis, the contents of aluminium (Al�O�) and titanium (TiO�) are 
roughly 17%, and silicon content is approximately 7% of the paint sludge. However, these 
components have been tested individually for this purpose and not yet as a mixture which would 
be the case if dewatered paint sludge were to be used as an agent for a catalyst. Furthermore, 
paint sludge contains several other components as well, which may inhibit the reaction. 
Therefore, further research on this front is required.  

4.4.3 Incineration of paint sludge in a cement kiln 

Incineration in cement kilns is an already used method of paint sludge disposal in some 
countries, e.g., in Turkey, almost two-thirds of cement kilns are licensed to receive paint sludge 
(Salihoglu & Salihoglu, 2016), and the first country using cement kiln co-processing was India 
in 2005, which has a large number of cement kilns (Tiwary et al., 2014). However, in Finland, 
where this study was conducted, the method seems not widely recognised.  
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With this method, paint sludge can be disposed of effectively because the sludge is used both 
as a fuel and as a replacement for virgin raw materials, such as limestone. Harmful emissions 
such as acidic gases are not generated during the incineration because they are neutralised due 
to the alkaline nature of the cement (Tiwary et al., 2014). Paint sludge in a dewatered form 
includes aluminium salts used for dewatering purposes in addition to the components of the 
paint sludge itself. At least the properties of aluminium sulphate in cement have been studied, 
and reportedly it shortens the setting time of the cement and improves the early strength. The 
negative effects are that it weakens the late strength of the cement and reduces the fluidity. (Kan 
et al., 2013) The benefit of this method is the total disposal of the paint sludge. Even though the 
incineration of waste is not one of the more favourable options in the waste handling hierarchy, 
and the resources used to manufacture the original paint product are lost, this method has its 
advantages compared to traditional, currently in place ways of paint sludge disposal. This is 
because presumably, the processing of paint sludge is not needed, and thus all the costs purely 
arise from logistics. However, because the amount of paint sludge generated yearly is relatively 
small in Finland, the benefits from replacing some of the raw materials and fuels used in cement 
manufacturing can be considered marginal. In the context of this study, this option to utilise 
paint sludge was deemed to be feasible but of low value. 

4.4.4 Paint sludge as a raw material in paints 

One potential solution to utilise paint sludge is to use it as a raw material in paints. In this 
method, paint sludge can be processed to create a relatively high-value product. However, most 
prior studies on this subject consider the utilisation of paint sludge in liquid instead of its 
dewatered form (e.g., Burande, 2017). The properties of the paint sludge, such as the colour 
and its chemical compounds, depend on the used paint. Because different paints are not 
separated, the paint sludge ends up being heterogeneous. This is a limiting factor, especially for 
the colour options of the recycled paint. The chemicals used to dewater paint sludge may be 
problematic as well. Some additives and pigments are also needed to process the recycled paint 
into a satisfactory quality. More research is required on the technical feasibility of this option. 

If a large paint manufacturer were to start manufacturing a new circular paint product made 
from paint sludge, they would have distribution and marketing channels for their products 
already in place. However, the new circular paint product's market potential is questionable and 
depends on the properties of the end product. For example, what customer segment would the 
product serve: are the potential customers industrial painting companies or individuals with 
lower quality needs for the paint? The paint manufacturer should also evaluate how the new 
circular paint product fits its product portfolio and company strategy. Besides the technical 
feasibility, the main challenge would be the logistics of transporting the sludge to their facility. 
For example, there are only a few paint manufacturers in Finland, and transporting paint sludge 
over long distances may not be viable. Despite these challenges, the option to utilise paint 
sludge as a raw material in paints was deemed the most potential of the identified solutions in 
the context of this study.  

4.5 Logistics of paint sludge utilisation options 
One general challenge identified in the proposed solutions was the logistics for narrow material 
flows over a relatively large geographical area. Logistics can play a significant role, especially 
in business cases where the material flows are very narrow and scattered, which was the case 
in this study. Relatively small amounts of paint sludge are generated in this study's geographical 
area, which makes achieving economies of scale challenging. Paint sludge is considered 
hazardous waste, but it does not require special transporting conditions by law. Therefore, paint 
sludge can be transported among almost any other transport. However, long-term warehousing 
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may cause fermentation of the paint sludge, which may lower the quality of the material. Thus, 
long-term warehousing of paint sludge in companies' own facilities is not recommended and 
even has some legislative restrictions.  

Each paint sludge utilisation option has multiple scenarios for logistics depending on where the 
paint sludge is processed, utilised, and collected. In terms of processing, the alternatives are to 
have paint sludge processed immediately in companies where the sludge is generated, have a 
joint processing facility for nearby companies generating paint sludge, or have a more 
centralised paint sludge processing on a regional or national level. In terms of utilisation and 
collection, the options are similar, and each of these combinations is a balance between the 
costs of the logistics and paint sludge processing.  

 

Figure 2: Possible logistics hubs and routes for paint sludge utilisation in Finland 
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Figure 2 illustrates the possible logistics hubs and routes for paint sludge utilisation in Finland. 
In the case of using paint sludge as a raw material in paints, hub A would be a large paint 
manufacturer’s facility where the sludge from the use of their products could be collected from 
all over the country. Hubs B to E are regional centres, for example, waste management 
companies, where paint sludge can be collected and then transported to the paint manufacturer. 
Finally, Hub F represents a local collection centre in a location where there are multiple paint 
sludge producers nearby. 

The option to have paint sludge processed immediately in companies is not feasible. Every 
company would have to invest in their own processing equipment, which is hardly justified due 
to the relatively low amount of paint sludge generated on average. Processing paint sludge is 
not part of their core business. However, the logistics cost would be lowest in this option if the 
paint sludge were to be utilised locally. In the context of this study, adequate material flows 
would not be achieved to make local utilisation feasible. The option to collect paint sludge from 
nearby companies to have it processed in a joint facility and then send it forward to utilisers 
would lower the processing costs and require less investment in equipment while 
simultaneously increasing the cost of logistics. In the context of this study, collecting paint 
sludge from nearby companies and sending it forward is feasible. However, local processing 
would still need more paint sludge than multiple local companies produce to make it profitable.  

In the case of regional processing and utilisation, some sort of middle ground is achieved where 
the cost of both the processing and logistics are low enough, and the amount of material is 
adequate to make utilisation feasible. Thus, for example, the option to incinerate paint sludge 
in a cement kiln could be implemented successfully on a regional level. However, the option to 
use paint sludge as a raw material in paints would require national-level processing and 
collection of paint sludge. There are very few paint manufacturers in Finland, and they would 
need a high amount of paint sludge to make industrial-scale utilisation feasible. In this way, 
economies of scale could be achieved, but the cost of logistics increases.   

4.5.1 Logistics of paint manufacturer’s takeback system 

Using paint sludge as a raw material in paints was deemed to be the most potential utilisation 
option analysed in this study. However, according to the paint manufacturer’s representative, 
for this paint sludge utilisation option to work, they would have to establish a full-fledged 
takeback system for residual paint sludge products. Annually, around 300 tons of aqueous paint 
sludge is generated in Finland, and roughly half of this is from the use of their products. 
Therefore, to achieve economies of scale and make the manufacturing of a new circular paint 
product economically viable. Ideally, all the residual paint sludge from their products would 
have to be transported back to their facilities, meaning organising the annual collection and 
transportation of 150 tons of paint sludge from very decentralised sources of varying sizes. In 
Finland, road transportation is the most agile and used transportation method and is currently 
the method of transporting paint sludge from the companies generating it to disposal sites. 

The paint manufacturer is located in the capital area (hub A in Figure 2). In contrast, the 
majority of manufacturing industries in Finland are located outside the capital area and, for 
example, the Northern Ostrobothnia region (hub D in Figure 2), where this study took place, 
has some of the largest paint sludge producers in the country and some municipalities where 
there are several companies producing paint sludge nearby (hub F in Figure 2). The largest paint 
sludge producer involved in the study produces roughly 30 tons of paint sludge per year, 
equalling 10% of the total estimated amount of aqueous paint sludge produced in Finland 
annually. This company in question is located 100 kilometres from the centre of hub D. If all 
the hubs in Figure 2 are expected to collect paint sludge from a 200-kilometre radius, this initial 
transportation distance can be considered quite average. The secondary transportation distance 
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from hub D to A is around 600 kilometres. For all the paint sludge produced, the average 
secondary transportation distance is estimated to be about 400 kilometres when considering the 
geographical distribution of paint sludge sources in Finland. Thus, the average total distance 
for paint sludge transportation would be around 500 kilometres.  

The largest producer of paint sludge involved in the study pays around 0,48 €/kg for the 
disposal, not including VAT or cost of logistics. The company transports their paint sludge 
three times a year in 10-ton batches to a waste management facility certified to dispose of 
hazardous waste located 200 kilometres away. The cost of related logistics is around 900 € per 
year, meaning the cost of paint sludge disposal for them is 0,51 €/kg, not including VAT. 
Noteworthy is that this larger company in question transports paint sludge for disposal only 
three times a year, whereas on the other end of the spectrum, some companies involved in the 
study that do not have the capabilities required by law to store paint sludge in their facilities for 
long, were transporting their paint sludge in 100 to 200 kg batches weekly and reported disposal 
costs as high as 1,2 €/kg not including VAT. The annual savings for this larger company from 
implementing the paint manufacturer’s takeback system would be 30 000 kg times 0,51 €/kg 
equals 15 300 €. The storage of paint sludge causes additional costs for the company as sludge 
is stored on average for four months and sometimes even half a year. These costs, however, are 
likely to stay the same even after the paint manufacturer’s takeback system implementation.  

The cost of logistics in Finland is relatively high due to, for example, labour costs and fuel 
prices. If we take the logistics cost for the aforementioned large paint sludge producer's current 
disposal, we get 900 € divided by 30 tons divided by 200 kilometres equals 0,15 €/t/km. With 
this, a paint manufacturer's takeback system's estimated cost would be 0,15 €/t/km times 150 
tonnes times 500 kilometres equals 11 250 €, not including VAT. This is a somewhat optimistic 
estimation as companies are disposing of their paint sludge on average much more frequently 
and in smaller batches than this large paint sludge producer in question, which significantly 
increases the cost of logistics. Even though paint sludge is considered hazardous waste, it does 
not require any special transporting arrangements by law. Thus, third-party logistics providers 
can transport paint sludge among other goods, thus maximising freight quantity. Even if the 
paint manufacturer could organise the takeback of their products residual paint sludge 
efficiently and could come to a favourable deal with one logistics company operating 
nationwide who could take care of all the logistics related to the takeback system, the annual 
cost of logistics is likely to be at least 15 000 € not including VAT. In addition, costs from 
regional waste management companies’ storage and handling of paint sludge ensue, meaning 
the total annual cost is likely closer to 20 000 €, not including VAT. This could still be a 
reasonable raw material cost if other challenges related to a new circular paint product made 
from collected paint sludge were to be solved.  

Besides the implementation and costs of the takeback system, other questions related to the use 
of paint sludge as a raw material in a new circular paint product are technical feasibility, cost 
of processing and what kind of investments must be made. The demand and target customer 
segment for this new circular paint product are also somewhat unclear. However, there is 
potential, and the paint manufacturer is considering whether they should look more deeply into 
this. The implementation of the takeback system provides added benefits and cost savings for 
their customer, which could allow the paint manufacturer to increase the prices of their main 
products when such a service element is added to their existing offering, and this might even 
attract new customers who currently have problems organising the disposal of their paint 
sludge. The environmental benefits of the takeback system implementation are clear as paint 
sludge would be fully utilised instead of disposal. If marketed correctly, this could yield a 
positive reputation in the customers' eyes for both the paint manufacturer and paint sludge 
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producers as responsible, environmentally conscious companies. This could have a positive 
impact on the sales of their consumer products. 

5 Discussion 

The most promising alternatives to utilise paint sludge generated in the region were identified 
and evaluated from economic, technical, and environmental points of view in the context of this 
study. The greatest challenges of paint sludge utilisation were identified. In addition, the 
logistics related to the implementation of the most potential of the identified solutions was 
analysed in more detail. The current state analysis revealed that the current way of handling 
paint sludge represents the least favourable options of the waste handling hierarchy, namely 
recovering energy from waste and landfilling. The circular economy aims to utilise materials at 
the highest level possible, and in these current options, the resources used to manufacture 
original paint are lost. 

According to the empirical study, the one general challenge for utilising paint sludge as a raw 
material in this study was related to narrow materials flows resulting from decentralised and 
relatively small sources of paint sludge. Often circular economy solutions are formed around 
major industrial companies where the volume of generated side streams is the highest. 
However, this was not the case for paint sludge utilisation because paint sludge is generated in 
relatively small amounts in multiple companies scattered all over the country. This results in 
narrow material flows and long transportation distances, making the economically and 
ecologically feasible use of paint sludge challenging. The main question was how wide an area 
would paint sludge have to be collected to make utilisation feasible and achieve economies of 
scale? Besides other feasibility issues such as the suitability of the material, the technical 
aspects of processing the material, and the questionable market potential for paint sludge 
products, the profitability of the evaluated utilisation possibilities for paint sludge are primarily 
a matter of finding a balance between the costs of processing and logistics and achieving 
adequate material flows for feasible utilisation. In the context of this study, this would require 
regional or national-level utilisation of paint sludge. 

The main objectives of this study were to find new potential utilisation possibilities for paint 
sludge and take a closer look at the role of logistics in industrial side stream utilisation-based 
business cases and value chains. Thus, the main objectives of the study were achieved. 
However, this study was conducted in Finland, a sparsely populated Nordic country with 
relatively long distances and low amounts of generated paint sludge. Usually, circular economy 
solutions are formed around high-volume side streams, which paint sludge is not at least in the 
context of this study. In some other geographical areas with higher amounts of generated paint 
sludge and shorter distances between its sources, the proposed solutions that were found to be 
unfeasible in this study might turn out to be a profitable business in another context. However, 
in the context of sparsely populated regions, similar challenges related to the logistics of 
industrial side stream utilisation are likely to emerge. Thus the results of this study can be 
considered valid in that context. Other limitations in terms of reliability and validity (Saunders 
et al., 2009) are mostly related to the research process itself. One issue is the relatively small 
number of interviewed companies generating paint sludge and potential companies to utilise 
paint sludge in their processes as raw material. There certainly are solutions for the utilisation 
of paint sludge that were not identified in this study. As further research implications, some of 
the evaluated solutions still require more research, for example, the option to utilise paint sludge 
as an agent in chemical catalysts, and a similar study on paint sludge utilisation should be 
conducted in a more densely populated geographical area to see what other factors are 
highlighted when the logistics is not a limiting factor. 
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6 Conclusions 

Logistics has been an important part of the circular economy in the literature. This study on 
paint sludge utilisation reaffirms this notion and finds logistics to have an important and 
decisive role in industrial side stream utilisation-based business cases and value chains. 
Therefore, effective planning and coordination of the related logistics are needed for the 
utilisation to be profitable. Besides the costs, contemporary modes of transportation generate 
emissions that may negate any environmental benefits from using industrial side streams as raw 
materials. Poorly designed circular economy solutions may be even worse than the linear 
economy alternative if excessive logistics are needed. Thus, logistics clearly plays a significant 
role in creating effective, economically viable and environmentally friendly circular economy 
solutions, being in some cases the determining factor in the feasibility of the solution. 
Therefore, in the industrial side stream, utilisation-based business cases, and value chains, a 
relatively high priority should be placed on planning the related logistics.  
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