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Abstract: 

Many manufacturing companies are looking for ways to substitute environmentally problematic 

cleaning methods for surface treatments with more environmentally friendly ones. In this paper, one 

potential solution is described. The Qlean method, based on cleaning with highly pure water (in this 

paper defined as Qlean Water), is a novel cleaning method. This method, now utilized at one plant at 

a leading major international electronic company, has substituted previous chemical-based methods 

for cleaning printed circuit boards prior to lacquering. This paper presents, based on that company’s 

primary data, a comparative study using environmental analysis and economic life cycle cost review 

between cleaning with Qlean Water and conventional cleaning. The focus is on the environmental 

and economic performance of the two alternatives. The conclusion is that Qlean Water offers both a 

significant economic and environmental cost reduction and a better product. This is the case even 

though all identified economic benefits derived from using Qlean Water, e.g. that the quality and 

technical lifetime have been extended for the printed circuit boards with the Qlean Water cleaning 

method, are not considered in the economic analysis. 

Keywords: Ultra-clean water, Ultra-pure water, De-gassed water, Life Cycle Assessment, Life Cycle 

Cost 

1 Introduction 

Many manufacturing companies are looking for ways to reduce their environmental impact 

(American Chemical Society, 2008; Sivakumar et al., 2009). One way is to reduce or substitute the use 

of chemicals, e.g. for cleaning. Industrial cleaning processes, often solvent-based and frequently a 

central part in the manufacturing process, are often considered to be problematic from an 

environmental perspective, since they involve various forms of more or less hazardous solvents and 



detergents (Sivakumar et al., 2009). The main concerns arise from: the manufacturing and 

transportation of those solvents and detergents; the energy consumption during their use, since the 

cleaning process often requires high temperatures; the potential risk of emissions to air, soil and 

water; and the resulting problematic hazardous waste that needs to be treated with special care. 

Therefore, reducing the consumption of chemical substances used in cleaning processes is important 

(Kikuchi et al., 2011).  

In the electronic sector, cleaning of e.g. printed circuit boards (PCBs) is a central issue. Reasons for 

cleaning include removing oil, fingerprints, flux and dirt before coating, quality inspection and further 

treatment (Lindahl, 2010a; Sundin, 2004; Wendler et al., 2010). Finding new and more environmental 

friendly alternatives has been an issue for many years, as discussed e.g. by Nelson (1997). New 

alternative methods have been proposed, e.g. closed-loop systems (1997) with water being 

recirculated through a purification system and then reused to clean the printed circuit boards. 

The objective of this paper is to present a novel method – the Qlean method (QM) and to analyze the 

economic and environmental pros and cons of the QM compared with conventional cleaning 

methods. The QM is based on cleaning with highly purified water (here defined as Qlean Water 

(QW)), which allows for cleaning/removing various forms of dirt without any additives. To illustrate 

the method the cleaning of (PCB) prior to lacquering is used as is the comparison above; a company 

substituted their old method with the QM. 

2 The Qlean Method 

Qlean Scandinavia AB has developed, as far as the researchers have been able to identify through an 

extensive literature review, a unique method to produce QW for use in their QM. When QW water 

comes into contact with dirt, it not only loosens e.g. algae and exhaust fumes, but also functions 

equally well on removing e.g. grease, oil, fingerprints and flux. The QM is used for cleaning e.g. 

building exteriors, large transformers, oil-contaminated stones, and hydroelectric dams, as well as 

industry components and PCBs before various forms of surface treatment. 

The method for producing QW is based on a combination of various filter techniques. The “raw” 

material is often normal tap water, but with a few extra conventional filters even seawater and used 

water (recycling) can be used. In areas with scarce water resources, the latter can be a favorable 

option. For each volume of normal tap water used by the QW machine, the output of QW is 

approximately 60% leaving about 40% reject. The rejected water basically containing the matters 

detached from the QW, can be used for other purposes such as irrigation or be treated in a regular 

water treatment plant. The more continuously the equipment produces QW, the longer its 

components and filters work and the higher the QW quality it maintains.  

When applying and using QW, the water’s temperature is preferably around 4-10°C, but higher 

temperatures also work. The important thing is that no heating is needed to get the desired cleaning 

effect. Depending on the object to be cleaned, several different techniques are used for applying the 

water, e.g. spray nozzles and traditional industrial dishwashers. Depending on what is cleaned, 



various types of filtering methods are used to purify the used QW so it can be either reused or used 

for other applications or returned to the natural environment.  

One disadvantage with QW is that it cannot be stored for more than around 24 hours before it begins 

to lose its ability to clean oil and fat. The reason for this is that QW starts to absorb substances from 

its container or, if exposed to air, various types of gases. This implies higher conductivity (see Section 

3.1). This means that the QM requires a semi-constant production of new, fresh QW. However, 

“dead” QW can easily be reprocessed and become QW again. 

3 Purity of Water Types 

From a scientific perspective, water refers to the chemical substance with the formula H2O. However, 

in daily language the water concept is often used to describe H2O solutions (consisting of various 

mixtures of minerals, gases, etc.), for example those for drinking. Since this paper is about QW, it is 

of relevance to relate this “water” to some other types used, namely natural, deionized, distilled, 

ultra-pure / ultra-clean water and qlean water. Figure 1 provides a description of the degree of 

pureness of the “water” types described in this paper. Although there are standards for the 

classification of maximum contamination levels in highly purified water (see e.g. ISO 3696 (1987)), 

there are no accepted definitions for each type. As an example different actors term their water as 

ultra-pure, for example, even though the purity varies. Therefore, the different types of water in the 

figure described below represent a span on the degree of contamination scale. 

 Natural Water – As the name indicates, natural water is water of varying quality found in 

nature, ranging from very dirty and polluted water to very pure drinking water, including 

water qualities like sea and lake water. This type of water normally contains various amounts 

of dissolved gases, ions, minerals, and organic and inorganic substances (Hach Company, 

2002; Kemmer, 1988). 

 Deionized Water – In deionized water, also known as demineralized water, mineral ions 

(salts) such as bromide, calcium, chloride, copper, iron and sodium are removed 

(Strathmann, 2001). The deionization does not remove the hydroxide or hydronium ions 

from water, since these are the products of the self-ionization of water to equilibrium. 

Furthermore, deionization does not significantly remove uncharged organic molecules, 

viruses or bacteria. Deionized water is created by taking clean natural water and exposing it 

to electrically-charged resins that attract and bind to the salts, removing them from the 

water (Kemmer, 1988). Because most of the impurities in water are mineral salts, deionized 

water often has a high purity similar to distilled water. It is possible to produce deionized 

water continuously and inexpensively using e.g. electrodeionization. Therefore, it is 

preferred over distilled water in many applications in chemical and biological laboratories as 

well as in industry. Deionized water is used in industrial applications to e.g. top-up lead acid 

batteries used in cars and trucks. 

 Distilled Water – Distilled Water is produced by heating or boiling water in a special chamber 

that creates steam or gases, resulting in highly purified water. Thus,all inorganicand organic 



contaminants including heavy metals, ammonia, nitrate, chloride, industrial organic 

contaminants, and pollutants are removed (Kemmer, 1988). Ideally, distilled water should be 

nothing but H2O, with a pH level of 7 and no additional gases, minerals or contaminants; in 

reality, however, this is not the case (Hach Company, 2002). It is more expensive to produce 

distilled water than deionized water, but the industrial application areas are similar. 

However, when the requirement on extra cleanness is required, distilled water (and 

sometimes double distilled water) is preferred (Hach Company, 2002).  

 Ultra-Clean Water / Ultra-Pure Water – Ultra-Clean Water (UCW), or Ultra-Pure Water is 

produced by various combinations of filtering techniques in order to remove gases, salt, lime, 

minerals and metals from regular water, resulting in de-gassed and UCW (Karaman et al., 

1996; Kemmer, 1988). However, there is no single definition for UCW, but it is often referred 

to as “deionized and filtered water” in many ways being similar to distilled water. Many 

industrial actors claim they are using UCW, but have different quality requirements for the 

water they need, which makes it hard to define UCW. Since the requirements may differ 

substantially one UCW may not work for another. Nevertheless, there are several 

characteristic requirements that are important to every end-user of UCW (Burkhart et al., 

1997). These include detection in the UCW stream and control of: anionic contaminants, 

bacterial proliferation, metallic contaminants, organic contaminants and particulates 

(Osmonics Inc, 1997). Examples of laboratory-quality sources of UCW include Milli-Q, Elga 

Ultra, or Purite Neptune. 

3.1 Qlean Water Compared with Other Water Types 

Recent studies show the potential of de-gassed water to disperse hydrophobic dirt (Eastoe and Ellis, 

2007; Francis et al., 2006; Francis and Pashley, 2006; Pashley et al., 2004). Those studies conclude 

that, through mechanical agitation of a hydrophobic surface with almost completely de-gassified 

water, the hydrophobic materials are dispersed in the water in a meta-stable emulsion for a 

sufficiently long period of time (Pashley et al., 2004). According to Pashley et al. (2004), this appears 

to be possible, since the natural cavitations, which would normally hinder a hydrophobic material 

from dispersing in water, are reduced. Furthermore, Pashley et al. (ibid.) note that there should be 

great potential for de-gassed water to be used instead of normal detergents. There are some 

references related to the use of ultra-clean and ultra-pure water in the electronics industry, 

specifically in the area of semi-conductor manufacturing (see e.g. Tadahiro (1995)). However, it 

remains unclear whether the water is used for cleaning or mainly for rinsing. 

One way used for comparing QW and UCW is to analyze their conductivity (S/m) (or specific 

conductance), i.e. their ability to conduct electricity (Hach Company, 2002). Conductivity 

measurements are used routinely in many industrial and environmental applications as a fast, 

inexpensive and reliable way of measuring the ionic content in a solution, e.g. to monitor and 

continuously trend the performance of the water purification systems. In many cases, conductivity is 

linked directly to the total dissolved solids. Typical drinking water is in the range of 5-50 mS/m, 

seawater is about 5 S/m and UCW (high-quality deionized water) is about 5.5 μS/m at its lowest  

(Hach Company, 2002). QW has a conductivity of about 3-4 μS/m, not much lower than UCW, but its 



ability to clean oil and tar declines rapidly and disappears when the water conductivity increases to 

about 5 μS/m.  

4 Method and description of the studied case 

4.1 Research Methodology 

The development of the QM, which implies cleaning with QW, took place primarily at Qlean 

Scandinavia and was seen as a basis for this research. Personnel at Flextronics, the case company 

described in the following chapter, were interviewed and have provided extensive data for the 

environmental and economic calculations.  

The environmental analysis presented in this paper is based on a simplified life cycle assessment 

approach (Hur et al., 2005). Greenhouse gas (GHG) emissions were calculated for a conventional 

cleaning technology using detergents, which were used prior to the introduction of the QM and 

compared to the QM. The resulting GHG emissions were calculated in SIMAPRO using GWP100, which 

is a life cycle assessment tool, and the generic data was derived from the Ecoinvent database 

(Frischknecht et al., 2007).  

The analysis only studies the use phase of the processes i.e., the infrastructure needed for the 

processes is not included. Furthermore, due to the nature of the study it was not possible to get any 

data or further information on the detergent used in the conventional cleaning step. Since there are 

large amounts of different detergent chemicals for industrial cleaning, a decision was made that 

rather than using highly uncertain generic data, the manufacturing phases for the detergents would 

be omitted. A discussion on what these omissions might mean in terms of validity and generalization 

is presented. This is one reason why the study has not been expanded to investigate environmental 

impacts other than climate change. For example, the chemical characteristics are probably the most 

important factor for other impacts and will be discussed later in the article. An assumption about the 

transportation had to be made since the trace of the detergents stopped at a large chemical industry 

in the United States, and thus it was assumed that the detergents was shipped by boat from the 

United States to The Netherlands, and then by truck to Sweden. The energy use of the two 

alternatives during the cleaning cycle was measured during multiple cycles to ensure that the 

readings gave consistent results. Data for an average Swedish electricity mix was used for both 

alternatives, and the data for deionized water was taken from the Ecoinvent database, although 

adjusted to Swedish conditions by changing the electricity mix (Althaus et al., 2007; Frischknecht et 

al., 2007). 

Another important issue to consider regarding the environmental performance was the indirect 

benefits from cleaning with QW, such as the decreased amount of discarded PCBs. To be able to 

show these environmental impacts, data for a generic PCB was used (Hischier et al., 2007). Due to 

the huge differences in components on different PCBs, these results should be seen as indicative of 

the order of magnitude of greenhouse gas emissions saved by decreasing discarded PCBs, rather 

than as a detailed performance result. 



Life cycle cost analysis (LCC) is a methodology that is increasingly used to compare different 

alternative methods / products / services, i.e. to describe the life cycle cost / total cost of a given 

method / product / service. In LCC, the total expenses are added up, e.g. costs for the manufacture, 

transport, use and waste management (Swarr et al., 2011).  

In order to compare various alternative methods / products / services with each other, a functional 

unit is defined as a unit that clearly outlines the primary functions of the methods / products / 

services offering. The functional unit then acts as a reference unit to which one can relate the input 

and output data. Therefore, the functional unit needs to be clearly defined and measurable. The 

quantity of materials or products needed to meet the defined function needs to be quantified and be 

the key unit of analysis. 

The major components of LCC calculations are: energy and other consumable costs during the use 

phase; investment costs; and maintenance and service costs. In the calculations, it is important to 

note that many of the costs vary over time, and it is often quite difficult to predict how large the 

variations will be. For a simple calculation, the cost of electricity and maintenance is assumed to be 

equal within and between years. The energy and maintenance costs during the life of the product are 

calculated in today’s money by using the so-called present value factor. Next, all of the costs are 

compared with each other (Swarr et al., 2011). 

The LCC analysis is mainly based on data obtained from Flextronics AB (Flextronics, 2012) and Qlean 

Scandinavia AB (Qlean Scandinavia AB, 2012). In the LCC, the unit of analysis was a fully-loaded 

washing machine with PCBs. Energy calculations were performed by researchers from Linköping 

University, Sweden. The LCC analysis does not include the investment cost for PCB washing 

machines, since the washing machines at Flextronics in Karlskrona use the same PCB for both the 

conventional chemical-based cleaning technology and the method using QW. Thus, equipment-wise 

there is no difference and therefore assumed to not affect the result.  

4.2 Industrial Case: Cleaning of Printed Circuit Boards 

In order to explore the potential of using QW for cleaning PCBs before lacquering, a case study was 

conducted at Flextronics International, a manufacturer of such boards (Sundin et al., 2009). The 

company manufactures PCBs on behalf of various other companies. When all the electronic 

components are mounted a protective varnish is sometimes required, due to the working conditions 

in which PCBs are used (Sundin et al., 2008). Previously, the company had used conventional cleaning 

of PCBs before lacquering. 

The cleaning of the PCBs involve two major targets: fingerprints and flux stuck on the components 

from previous manufacturing steps. A quality issue with the conventional detergent cleaning method 

was that the detergent could get stuck in cavities due the structure of the components (see Figure 2). 

The hidden detergents could then, in a later stage of manufacturing and/or during use, leak out and 

damage the PCB and/or other components (Sundin et al., 2008). Furthermore, the detergent-based 

method sometimes resulted in that the text on the components was damaged during the cleaning 

process. 



During 2008 a test equipment for cleaning PCBs with QW was installed and integrated with the 

existing conventional washing equipment, as shown in Figure 3 (Sundin et al., 2009). This test 

equipment operated as the first demonstrator for using QW in cleaning PCBs. Following the first test 

results, permanent equipment was installed in 2009. The washing machines at Flextronics have a 

cleaning cycle consisting of three main steps, cleaning, rinsing and drying. The conventional washing 

technique used at Flextronics, prior to the use of QW, first washed the PCBs with detergents at a 

temperature of 65  C followed by rinsing seven times with deionized water (Table 1). The cleaning 

cycle was concluded with a drying step. The new washing method based on QW uses the old washing 

machines and the cleaning cycle includes the same drying step as the conventional washing 

technique. For the conventional cleaning method, the container with the detergent was emptied 

after 100 cleaning cycles. This dirty detergent solution was treated as a hazardous waste and 

transported to an incineration plant for destruction, while the QW from the cleaning is discharged 

into the normal water sewage system at the plant. 

An additional positive environmentally-related effect by cleaning with QW is that the new method 

has resulted in a reduction of discarded components caused by the cleaning process. This is positive 

from an environmental point of view, since it implies less discarded products later on in the 

manufacturing process. Today, all PCBs requiring lacquering at Flextronics’ plant in Ronneby are 

cleaned with QW.  

5 Results and Discussion 

5.1 Environmental Implications of Cleaning with Qlean Water  

Comparisons between the two alternative methods show some substantial differences. The use of 

chemicals has been eliminated in the cleaning of PCBs with QW only. This leads to a number of 

positive environmental improvements. The working environment for the employees has been 

improved due to the reduction in the handling and transportation of chemicals in the manufacturing 

facility. In addition, reduced amounts of hazardous waste are created when no chemicals are used in 

the cleaning process. The use of QW has also eliminated the need for transport and treatment of 

hazardous waste from the cleaning facilities (Svensson, 2010). Since QW cleans at room temperature, 

the energy used during the cleaning cycles is reduced compared to the conventional method that 

cleans at a temperature of 60oC. This implies less energy consumption related to heating and 

ventilation (to get rid of steam and hot air). 

In addition, the washing time was reduced from 8 to 2 minutes and the rinsing sequence from 7 to 5 

cycles. The environmental gains from this are offset somewhat by the use of electricity to produce 

the QW. All in all, the amount of electricity used in the cleaning process using QW was reduced by 

30%. All of the chemicals have been removed from the cleaning process; this means that all the 

manufacturing and thus transportation of the chemicals is avoided (i.e. manufacturing of chemicals is 

not included in the analysis as seen in Section 4.1). 

In regions with a limited fresh water supply, water use can have a very important environmental 

impact. In the Flextronics case, the direct water use is higher for the QW method than when using 



detergents. However, since the fresh water supply resources in Sweden are still at a high level, no 

measures have been taken to optimize the water use in this case. In another application at a 

geographical site with a fresh water supply problem, other measures would probably have to be 

introduced. These measures could for instance be the introduction of waste water recycling 

equipment, which would make it possible to recycle the QW to some degree; this would probably be 

possible for the rinsing water from the conventional cleaning as well. As mentioned previously the 

QW method also works for seawater, although that would increase the maintenance cost and 

material use of the equipment which would lead to a decrease in environmental performance. 

However, the water use should also be seen from a life cycle perspective, and the higher use of 

electricity and transportation, as well as the manufacturing of the detergents and the printed circuit 

boards, will also cause direct and indirect water use, although at other geographical locations. Water 

use for the manufacturing of the PCBs before the final mounting of components can for instance 

range between 100 liters up to several thousands of liters per square meter of PCB (Environwise, 

2006). 

The environmental performance in direct GHG emissions of the two cleaning methods is illustrated in 

Figure 4a. The major differences in impacts are from electricity use for heating the water in the 

conventional cleaning alternatives and for the manufacturing of the QW. Furthermore, the amount 

of water used in the deionized rinsing steps seems to have quite a substantial impact. However, this 

contribution is harder to assess due to the way the electricity measurements were done. When 

measuring the electricity use for the conventional alternative the deionizing steps were outside the 

measured system, whereas for QW the manufacturing of the QW was measured. This means that the 

latter’s electricity use is hidden together with the electricity use of the cleaning equipment. The 

results also suggest that the transportation of the detergents is minor compared to other processes. 

It is also interesting to note that GHG emissions from the manufacturing of the detergents as well as 

the filtering equipment for QW are missing. It is hard to speculate how much this omission would 

influence the results, but since the detergents are reused for a large number of cleaning cycles, and 

since the filter equipment has a very low maintenance requirement compared to output, these 

emissions are believed to be minor. However, the detergent might have other impacts not related to 

climate change, which is an important issue to remember. On the other hand, the environmental 

profile of detergents varies substantially, and some detergents have very minor environmental 

issues. In terms of generalizability, it could probably be assumed that electricity use through the use 

of heated water is a major impact for most cleaning equipment using detergents as surfactants, 

which means that could be seen as a major improvement potential for QW.  

As mentioned in under 4.2 above, one of the major QW advantages noticed by Flextronics is that the 

number of discarded PCBs in the manufacturing process has decreased significantly. There are 

indications that the negative environmental impact avoided by this quality improvement is by far the 

most important environmental achievement of the use of QW in the Flextronics case (Figure 4b). The 

results should be seen as indicative of this indirect increase in environmental performance, since the 

data used for calculation of the PCBs was from generic LCA databases. However, even with general 

data the results clearly show that one of the largest improvements with regards to decreasing GHG 

emissions from the cleaning processes at Flextronics comes from improvement of quality in the 

lacquering process, due to less contamination remaining on the boards. 



Although the environmental impacts of the QW equipment have not been studied in detail, some 

conclusions on their importance can be made assuming that 11,650 batches of PCBs have been 

produced each year. The total weight of the equipment is around 100kg and is assumed to be made 

of stainless steel. Another important factor is parts which need to be exchanged during operation; 

one such part is the particle filter, which loses its activated carbon. An assumption is made that 40 kg 

of activated carbon is used per year. Furthermore, the filters in the equipment can be assumed to 

have an impact since they are highly advanced technology. Here, it is very hard to assess the 

environmental impact of manufacturing; to get some hint; however, an assumption is made that half 

the price of the filters is made up of energy costs. Using this rather crude estimation, an approximate 

energy use in the manufacturing of the filters is 10 MWh per filter. If a worst-case lifetime of 3 years 

is used to allocate these environmental impacts from equipment, the total emissions of climate gases 

increase with less than 2% in the case where indirect benefits from less discarded PCBs are 

accounted for. 

6 Economic Implications of Cleaning with Qlean Water 

The LCC analysis (Lindahl, 2010b) shows that the main costs that influence the LCC for conventional 

PCB cleaning are detergent and energy consumption for heating and operating the washing machine 

and hazardous waste treatment. Main cost factors for PCB cleaning with QW are equipment for 

manufacturing QW and water and energy consumption for heating and operating the washing 

machine. A notable cost issue is that the energy consumption and resulting cost when using QW is 

substantially lower than for conventional PCB cleaning, since the QW works best around 4-10°C and 

therefore does not require any energy for heating up the solvent used for cleaning. Figure 5 shows 

the breakdown of costs in percentage for “Conventional PCB cleaning” and “PCB cleaning with Qlean 

Water”. The LCC calculations show that the cost of using QW in the Flextronics case is approximately 

half of the cost of conventional chemical-based cleaning (Lindahl, 2010b). For conventional cleaning, 

the cost for detergenst is the main cost, equal to approximately 110% of the total cost for cleaning 

with QW. The second largest cost is for energy, approximately equal to 40% of the total cost for 

cleaning with QW. For cleaning with QW in the Flextronics case, the main costs are the equipment 

cost (approximately 45%), energy use (approximately 29%) and water use (approximately 25%). 

When conducting a sensitivity analysis, it is shown that although the cost of the conventional 

washing would be half of today’s cost, it will still be more or less 100% equal to the cost for cleaning 

with QW. It should be noted that Karlskrona, where Flextronics is located, has among the highest tap 

water price in Sweden, equal to approximately 3 €/m³; more normal prices in Sweden range from 1 

to 1.5 €/m³. Finally, even though seawater had to be used for producing the QW, the QW would be 

approximately 40-50% more cost efficient that conventional. It should also be noted that the “used 

scenario”, i.e. that the QW equipment only works for 3 years, is not realistic but was selected in 

order to be on the “safe side” when comparing. Today, Qlean Scandinavia has QW equipment that is 

older than 6 years, and Flextronics’ QW equipment is also rather over-dimensioned and could 

without any problem serve several more washing machines than the three today. If the water price 

and the equipment's lifetime would be more normal and realistic, the QW cleaning solutions would 

be even more competitive, resulting in approximately 35% of the cost compared with conventional 



cleaning. Furthermore, Flextronics has acknowledged that the PCB washing machines that use QW do 

not need to be as advanced as they are now, and the initial investment cost price would be reduced 

with the use of QW. 

When analyzing the LCC results, it is important to recall that the conventional chemical-based 

washing method needs to be specially adapted to washing machines with features such as drying 

functions etc. These machines are more advanced and more expensive than those needed when 

using QW. The total investment cost is therefore lower when using QW, but this has not been 

considered in the calculations. Chemical-based washing eventually causes siltation of the machines 

and will require cleaning. The cost of this has not been considered in the LCC analysis. 

Finally, another cost savings with the use of QW, which, according to Flextronics is significant (much 

more relevant than the cost savings with the QW method), is that it offers reduced costs for the 

scrapping of PCBs and products with mounted PCBs in later manufacturing steps. However, this cost 

has been included in the LCC analysis. 

7 Concluding discussions and Future Research 

This paper presents a new way to perform industrial cleaning using QW through an industrial case of 

cleaning PCBs at Flextronics. The analysis of the environmental performance of using QW in industrial 

cleaning, compared to conventional cleaning using chemical detergents, indicates that some 

substantial improvements with the emissions of GHG can be seen using QW in the cleaning of PCBs. 

In the studied case the major improvements come from the decrease in discarded PCBs and products 

with mounted PCBs and the reduction of energy use in the cleaning cycles. The benefits from the 

exclusion of chemical detergents are harder to assess, but the manufacturing and handling of the 

chemicals could be potential environmental problems depending on the characteristics of the 

detergents. The use of QW in the cleaning of PCBs is nondependent on chemical detergents.  

The LCC analysis indicates that the use of QW is less costly than the comparable conventional 

chemical-based cleaning method, and also implies less costly scrapping of PCBs and products with 

mounted PCBs. Both the environmental and economic analysis indicates positive effects from using 

QW. This is positive, since it is in general easier to implement a more environmentally friendly 

method if it is also less costly. Since cleaning is a central part of the electronic industry, this also 

implies that substituting conventional chemical-based cleaning of PCBs with QW could potentially 

result in a substantial positive environmental effect. 

Finally, more research is needed from a chemical perspective to describe the chemical processes 

behind how the QW dissolves dirt. In addition, how QW can be applied in order to achieve the best 

cleaning results is an important task for future research.  
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Table 1. Overview of conventional method and cleaning with Qlean Water at Flextronics. 

Cleaning step Conventional method Cleaning with Qlean Water 

Washing 8 minutes at 60°C 2 minutes at room temperature 

Rinsing 7 cycles with deionized water 5 cycles with HCW 

Drying 30 minutes at 65°C 30 minutes at 65°C 

Processes Conventional method Cleaning with Qlean Water 

Tap water use 110 l 125 l 

Electricity use 6.6 kWh 4.0 kWh 

Transport, ship 0.5 tonne-km 0.12 tonne-km 

Transport, truck 0.06 tonne-km 0.02 tonne-km 

 

 

 

  



 

Figure 1. A description of the degree of pureness of the “water” types described in this paper. 

 

  



 

Figure 2. Printed Circuit Board component that detergents attached easily on.  

 

  



 

Figure 3. Flextronics’ printed circuit board washing machines (Sundin et al., 2009).  

 

  



 

Figure 4. a) The direct GHG emissions from the cleaning process in the Flextronics case. b) climate emission 

from the cleaning process including emissions from discarded PCBs in the Flextronics case [Svensson, 2010]. 
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PCB Cleaning with Qlean Water 
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Figure 5. Breakdown of costs in percentage for “Conventional PCB cleaning” and “PCB cleaning with 

Qlean Water”.  
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