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“Line 2” in this AfA) which can produce both types of polyethylene products.  However, overall the 
main product produced at Geleen is Queo (a highly specialised premium product) whilst Stamylex 
(although also a specialist product) is produced in smaller quantities in part to utilise the production 
capacity of the Geleen plant but also to fulfil a niche (subset of the) market whereby customers 
demand Stamylex in smaller batches. 

Within the EEA, aside from Borealis Plastomers B.V. there is only one other EU manufacturer of 
an equivalent LLDPE (to Queo) called        provides  of 
the EU market and Borealis .2  There are more suppliers of similar or adequately performing 
PE to Stamylex (either a high density (HDPE) or Very Low density (VLDPE) polyethylene) both 
within and outside of the EEA.    

Further details are provided in this report but essentially the Geleen site has two ammonia/water 
absorption coolers installed on one of the two production lines (referred to as “Line 1” in this AfA) 
used to make both Queo and Stamylex.  These ammonia/water absorption coolers use sodium 
dichromate (within a closed system) as a corrosion inhibitor.   Sodium dichromate is used as an in-
situ corrosion inhibitor which helps to extend the lifetime of the carbon steel constructed closed 
water/ammonia absorption cooling system.  Without the sodium dichromate, the carbon steel would 
corrode rapidly in contact with a water/ammonia mixture especially at elevated temperatures.   

The second polymerisation line (referred to as “Line 2” in this AfA) differs by the way that the inlet 
stream to the reactor is cooled. In this parallel production installation, Borealis utilizes a compressor 
based system to achieve the required low inlet temperature.  Sodium dichromate is not used for 
“Line 2” and any resulting production would be unaffected by the outcome of this authorisation 
application. 

The plant has successfully been using a small amount of sodium dichromate (60 kg every 3 years) 
as an in-situ corrosion inhibitor since 1971 with no evidence of any corrosion. However, sodium 
dichromate (Na2Cr2O7; EC no: 234-190-3) is according to Article 57(a) of Regulation (EC) N° 
1907/2006 a substance of very high concern (SVHC) due its Carcinogenic Cat. 1B, Mutagenic Cat. 
1B and Reprotoxic Cat. 1B properties.  Sodium dichromate was included in the list of substances 
subject to authorisation (Annex XIV) with a sunset date of 21/9/2017.  This means Borealis requires 
authorisation for continued use after this date. 

Because of the low volume that Borealis uses (and is forecasted to continue to use around the same 
amount) this AfA meets all the criteria as proposed by the EU Commission for the application for 
authorisation for low volume uses (i.e. volume < 100 kg per year).  This should be taken into 
consideration when ECHA and the EC makes its decision but since the Implementation Regulation 
for authorisation applications for uses in low quantities has not come into force at the time of 
submission all elements with regard to CSR AoA and SEA of a standard dossier have been handled 
in full in this application for authorisation.  Moreover, this application for authorisation provides all 
elements required and a detailed justification for a very long review period. 

We also note that the applicant had requested an exemption for this use on the basis that there is 
negligible exposure. The answer to the request is still pending. Hence, the applicant has decided to 
submit this “safety-net” application for authorisation, in which it is demonstrated, on the basis of 
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(over 20 years using a 10% discount rate).  This is further compounded by the fact that there will be 
a loss of profits ( 4, PV, over 20 years using a 10% discount rate) within the EEA until the 
compressor technology would be fully operational and market share (optimistically) regained. 

Both the selection of an alternative corrosion inhibitor and the use of alternative construction 
material entail a risk of corrosion, loss of containment and interruption of production. As such, 
these alternatives are both not technically feasible and provide uncertain risk reduction potential.   
The partial replacement of corrosive sensitive equipment has an even higher cost to Borealis, does 
not represent a long term solution, and does not have any operating cost savings.  For this reason it 
is even worse (economically and technically).  The identification and testing of new corrosion-
resistant materials and alternative inhibitors is subject to considerable uncertainty, in terms of both 
success in identifying suitable candidates for adoption as well as the ultimate performance of those 
candidates when implemented. The business risks associated with these options – particularly the 
potential for a complete failure of the installation – are too great to be considered further by 
Borealis. 

1.4. Non-use scenario 

After the sunset date the only option available to Borealis would be to shut down Line 1 completely 
as it is dependent on the use of sodium dichromate as a corrosion inhibitor.  In order to minimise 
the long term loss of profits to Borealis from reduced production capacity, Borealis’s only option is 
to replace Line 1 with a compressor based cooling system.  Borealis would do this despite there 
being a negative NPV as using a compressor is the only technically feasible alternative and it thus 
provides Borealis with the only realistic certainty of continued production similar to under the 
applied for use scenario. As is set out in Section 3.7 it is estimated that it will take at 3-4 years from 
the start of the engineering before a compressor system can be operational.  

1.5. Comparison of costs and benefits 

The analysis finds that the estimated benefits of continuing use outweigh the associated risk to 
human health.  The benefits of this continued use of sodium dichromate are the costs which can be 
avoided by Borealis by not adopting the compressor based technology and the avoided lost profit 
during the temporary loss of capacity until the compressor based technology is operational. The 
monetised benefits are estimated to be approximately ~€  million (Present Value – PV over 20 
years using a 4% discount rate): 

• Avoided capital cost less the higher energy and CO2 costs (compared to use of compressor 
technology) estimated at ~€1.4 million; and 

• Avoided lost profit to Borealis of ~€  million.5 
 

Based on the screening of possible health and environmental impacts, the only health impact of 
relevance (although not deemed significant) is the excess lung cancer risk to workers from 
inhalation exposure to sodium dichromate from continued use. However this cost is estimated in 
total to be €1.5 (PV, realistic estimate over 20 years) and therefore it is clear when comparing the 
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negligible (if any net) health costs of continued use to the economic and social benefits of continued 
use that society would be better off if authorisation were granted.  Any uncertainties or key 
variables used in the analysis are not sensitive enough to affect the conclusion that the benefits of 
authorisation outweigh the risks of continued use.      

1.6. Conclusion and requested review period 

Based on the evidence presented in this application, Borealis is seeking a review period of 18 years 
as it meets what the ECHA (2013)i guidance on setting a review period refers to as an ‘exceptional’ 
case.   

Borealis uses sodium dichromate in a closed system and as the CSR clearly demonstrates even 
under (unrealistic) worse case assumptions that: 

• There is no consumer exposure; 
• There are negligible risks to workers (cancer risks valued at ~€1.5 PV over 20 years which 

are effectively as close to zero as feasible);  
• No exposure to the environment;  
• No exposure to man via the environment; and 
• Use of the substance is very low (typically 60kg/3yrs). 

 

With minimal periodic investment (which is required regardless of the technology used), Line 1 can 
continue to operate well beyond the next 20 years.  Borealis therefore have no long term plans to 
change Line 1 because: 

1. The market is expected to grow over the next 10 years (forecasting beyond this is very 
difficult) and this would require the full capacity available of Borealis Line 1 and 2; 

2. There are no suitable alternatives for Borealis for the replacement of the Annex XIV 
substance function.  Borealis would continue to research new technologies but currently 
there are no new/emerging technologies (e.g. cooling equipment, cooling technologies or 
superior products) that Borealis are aware of that will be available within the next 18 years.  

3. Past research has not lead to a suitable alternative. Any further research in-house would cost 
€ 6 , which is not proportionate to the minimal impact of €1.5 to human health and 
environment. 

4. There is a long and proven track record of producing Stamylex and Queo using sodium 
dichromate as an in-situ corrosion inhibitor in a closed water/ammonia absorption cooling 
system.  To date there is no evidence of any corrosion, which is vital given Borsig 1 
installation has no allowance for corrosion, and there is no evidence any alternative 
corrosion inhibitor being as effective as sodium dichromate, let alone one that has a long 
and proven track record.   

                                                 
i (ECHA 2013) – “Setting the review period when RAC and SEAC give opinions on an application for authorisation”. 
Available at: https://echa.europa.eu/documents/10162/13580/seac rac review period authorisation en.pdf  
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5. Borealis has invested significant time and resources in ensuring worker safety.  As the risks 
are negligible, it does not make financial sense to invest significant amounts of money on 
any known (unsuitable) alternatives.  

6. As demonstrated in the non-use scenario, it is not in societies best interests for Borealis to 
replace Line 1 with a compressor cooling system as even after 20 years any energy and CO2 
savings do not outweigh the initial investment costs.  This is further compounded by the fact 
that there will be a loss of profits within the EEA until the compressor technology would be 
operational.  Relative to the risks of continued use (€1.5 PV over 20 years) it is clear that 
such an investment is not justified as there could be more productive uses of that investment 
in the future (i.e. projects that return a positive NPV).  

  

Taking into consideration all of the information presented in the application, the evidence clearly 
justifies this application for authorisation being considered an exceptional case with a review period 
of 18 years. 
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2. AIM AND SCOPE OF AOA AND SEA 

2.1. Aim 

Sodium dichromate (Na2Cr2O7; EC no: 234-190-3) is according to Article 57(a) of Regulation (EC) 
N° 1907/2006 a substance of very high concern (SVHC) due to its Carcinogenic Cat. 1B, 
Mutagenic Cat. 1B and Reprotoxic Cat. 1B properties.  On December 4, 2013 ECHA published the 
document “Application for Authorisation: Establishing a reference dose response relationship for 
carcinogenicity of hexavalent chromium”ii, which constitutes the opinion of the Risk Assessment 
Committee (RAC) that hexavalent chromium is considered to be a non-threshold carcinogen. As a 
result, demonstrating adequate control for that endpoint is not possible and the SEA route is 
applicable. With regard to the reprotoxicity endpoint however, a threshold was defined (not yet 
published, but provided by ECHA Secretariat in view of the timing of this AfA) and the adequate 
control route is applicable for that endpoint.  

Sodium dichromate has been included in the list of substances subject to authorisation (Annex XIV) 
with a sunset date of 21/9/2017.  Authorisation is therefore required for continued use after this 
date.   

If, based on the justifications provided by the applicant (Borealis Plastomers BV), the authorisation 
is granted then Borealis will continue (“applied for use scenario”): 

The use of sodium dichromate as in-situ corrosion inhibitor in a closed water/ammonia 
absorption cooling system 

 
The aim of this application is to demonstrate: 

• Emissions of sodium dichromate have been minimised - This is shown in the 
chemical safety report (CSR). 

• There are no suitable alternatives by the sunset date to sodium dichromate for the 
applicant for this specific use - This is shown within this report and in particular in 
Section 3. 

• That the benefits to society from continued use outweigh the risks to human health 
and the environment - This is shown within this report and in particular Section 6. 

 

2.2. The applicant and the production site affected 

Borealis is a multinational company with headquarters in Vienna (Austria).  Borealis currently 
employs around 6,500 people across 120 countries, and in 2014, it generated sales revenue of €8.3 
billioniii.   

                                                 
ii ECHA: http://echa.europa.eu/documents/10162/13579/rac_carcinogenicity_dose_response_crvi_en.pdf 

iii Available at: http://www.borealisgroup.com/en/company/about-borealis/about-borealis/  
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Borealis operates across three main fields: 

1. Polyolefins; 
2. Base chemicals; and 
3. Fertilisers. 

 

The applicant for this Application for Authorisation (AfA) is Borealis Plastomers BV based in 
Geleen in the Netherlands.  At the Geleen site, two polyethylene products are made:  

1. QueoTM - a Linear Low Density PolyEthylene (LLDPE); and 
2. Stamylex TM - a very low-density polyethylene (VLDPE) or a high-density polyethylene 

(HDPE). 
 

The manufacturing unit was originally built by a company called DSM in 1971-1973 and used the 
Ziegler-Natta type catalyst process to make polyethylene (and this process is still used to make 
Stamylex). Today the unit is owned and operated by Borealis.  The production site was modified to 
enable the use of a different catalyst when required.  Unlike with Stamylex, for the production of 
the Queo product, a metallocene type catalyst (introduced in 1997) is used instead of the original 
Ziegler-Natta type catalyst.   

Both Queo and Stamylex are made in a continuous solution polymerisation process operated 24 
hours a day, seven days a week.  At this site, there are two production lines (called “Line 1” and 
“Line 2” in this AfA) which can produce both types of polyethylene products.  However, overall the 
main product produced at Geleen is Queo (a highly specialised premium product) whilst Stamylex 
(although also a specialised product) is produced in smaller quantities in part to utilise the 
production capacity of the Geleen plant but also to fulfil a niche (subset of the) market whereby 
customers demand Stamylex in smaller batches.  Further details of about polyethylene in general 
and about the two Borealis products are presented later in this chapter.  But before this, it is 
important to briefly explain why sodium dichromate is being used as part of the production of these 
two types of polyethylene. 

The polymerisation reaction to make these polyethylene products is exothermic (i.e. it generates 
heat) but the reactor is adiabatic meaning that there is not enough time to remove heat from the 
reactor because of the high viscosity of the reaction mixture. The maximum allowable temperature 
is 200°C in the reactor as defined by polymerisation chemistry. 

The only way to manage the heat of the reactor without shutting down production is by lowering the 
inlet temperature. To do this the solvent monomer mixture going into the reactor needs to be 
cooled.  

In order to cool the solvent monomer mixture the Geleen site has two ammonia/water absorption 
coolers installed on one of the two production lines. These coolers lower the temperature of the feed 
stream going into the reactor. The two cooling units are not the same in size but have an overall 
cooling capacity of   to reduce the temperature inlet (monomer and solvent) from ambient 
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temperature to .7  An overview of the production process is shown below in Figure 1 with 
more details in Section 3.1.   

 

 

Figure 1 Overview of the production process at Geleen 

 

As indicated above, lowering the feed stream has an important impact on improving the production 
capacity of these two polyethylene products. Without the cooling of the feed stream to the reactor, 
the capacity of the polymerisation reactor would be reduced by approximately .8 However even 
more importantly, without the cooling of the feed stream it will not be possible to meet the 
specifications of these two polyethylene products coming out of these reactors.  This is explained in 
Section 3.  As a consequence Borealis will not be able to produce, and therefore sell, these products 
without feed stream cooling. Both aspects clearly indicate the crucial importance of the feed stream 
coolers. Without a feed stream cooling, a polymerisation reactor will not be able to produce any 
product within the current specifications.  

Sodium dichromate is only used (within a closed system) on “Line 1” in the ammonia/water 
absorption cooling unit (see Figure 2) as a corrosion inhibitor.   Sodium dichromate is used as an in-
situ corrosion inhibitor which helps to extend the lifetime of the carbon steel constructed closed 
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2.3. Supply chain 

Figure 3 provides an overview of the supply chain, illustrating which production line sodium 
dichromate is used in, the resulting products made by Borealis at the Geleen site (Queo and 
Stamylex), and the end-use applications of these products. 

 

Figure 3 Supply chain overview 

 

2.4. What is polyethylene? 

Polyethylene (PE) is a polymerised ethylene, available in high, medium, low-density and linear 
low-density forms, which is chemically resistant and durable.  Polyethylene can be moulded, 
extruded, and cast into many various shapes.  It is a hard, stiff, strong, and dimensionally stable 
material that absorbs very little water, has gas barrier properties, and chemical resistance against 
acids, greases, and oils.  It can be transparent and colourless, with thicker sections usually opaque 
and off-white.  Polyethylene also can withstand a wide temperature range and is resistant against 
ultra violet radiation.  According to Plastics Europe, “Polyethylene is the most abundant type of 
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polymer produced globally, totalling over 90 million metric tonnes per year” (Plastics Europe, 
2013iv), and has a wide range of applications (not exhaustive list): 
 

• Packaging films; 
• Laminations; 
• Flexible injection products; 
• Blow moulded products; 
• Rubbish/lawn-leaf bags; 
• Housewares; 
• Bottles;  
• Profiles;  
• Coffee can lids;  
• Dairy packaging;  
• Large parts such as outdoor gym sets; 
• Tanks; 
• PE80 pressure pipes; 
• Wire and cables; 
• Anti-corrosion coating (ACC); 
• Crates; and boxes; 
• Bottles (for food products, detergents, cosmetics); 
• Food containers; 
• Petrol tanks; 
• Industrial wrapping and film,  
• Cling film; 
• Carrier bags; 
• Agricultural film; 
• Milk carton coatings; 
• Electrical cable coatings;  
• Heavy duty industrial bags; 
• Stretch film;  
• Industrial packaging film; 
• Thin-walled containers;  
• Heavy-duty, medium- and small bags; 
• Low profile additive for thermosets;/composites; 
• Pultrusion processing aids; 
• Dusting agent for tacky polymer surfaces; 
• Sintering agent/pore former; 
• Binding agent for particulates; 
• Additive for coatings and adhesives; and 
• Additive carrier for chemicals and pigments. 

                                                 
iv PlasticsEurope (2013).  Plastics Portal; Polyethylene. 



ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

22 Use number: 1 Borealis Plastomers BV 

According to PlasticsEuropev during the production process the polyethylene can be made more or 
less “dense” depending on the requirements of the end-use application.  PlasticsEurope estimate 
that around 90% of applications (as listed above) are made with one of the following polyethylene: 

1. Low density polyethylene (LDPE): - The oldest type. A soft, tough and flexible 
polyethylene type, used for strong, flexible consumer items, like screw caps and lids. For a 
long time already, it is also used as insulation material. At present the most popular 
application is foil, from which carrier bags, packaging material and agricultural plastic are 
made. During the high water levels in Holland in the last years, the tough strong LDPE foil 
served as an improvised reinforcement for the dikes. 
 

2. High density polyethylene (HDPE): - This is the sturdiest and most inflexible type. Its 
sturdy and somewhat tough character can be used for a large range of applications. For 
example the well-known gft-container and a number of everyday domestic products like 
bottles, clothes pegs and the handle of a washing-up brush. Although HDPE is quite heavy, 
it can also be used for paper-thin foil that is extremely light and feels crispy. All of us use 
this type of foil daily; examples are sandwich bags, pedal bin bags or packaging for 
vegetables, fruit or meats. 
 

3. Linear Low Density Polyethylene (LLDPE): a mixture of both previous-mentioned 
types - With this polyethylene one can go into every direction. It has some features from 
both of the previous-mentioned types. Both flexible and sturdy products are made from it. 
LLDPE is generally used in mixtures with one of the previously mentioned materials. 
Amongst others, even thinner foils can be produced. It is also used for multi-layer 
packaging. LLDPE is extremely tough and inflexible. These features can be used for the 
production of larger items, like covers, storage bins and some types of containers. 

2.5. About Stamylex 

Stamylex refers to a family of high-quality linear polyethelenevi. It can either be a very low-density 
polyethylene (VLDPE) or a high-density polyethylene (HDPE). The grade manufactured by 
Borealis includes 1-octene, 1-butene and propylene copolymers, manufactured using a high 
performance Ziegler Natta catalyst in Borealis' versatile Compact® solution polymerisation 
process. This grade therefore has a broad molecular weight distribution with densities greater than 
915 kg/ m3. As set out in Table 1, Stamylex is well suited for use in several broad end-use 
applications. 
 
  

                                                 
v The ABC of Polyethylene, available at: http://www.plasticseurope.org/information-centre/education-portal/resources-
room/abc-of-plastics/the-abc-of-polyethylene.aspx  

vi Details on Stamylex are from: http://www.borealisgroup.com/en/polyolefins/new-business-development/plastomers/ 
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characteristics allow the use of Queo in numerous non-film applications such as automotive, wires, 
injection moulding, compounding and grafting. Other properties possessed by Queo include low 
peak melting points, and narrower melting ranges for improved and controlled sealing performance 
even with a contaminated seal area. Queo is also tough yet maintains a soft surface and anti-slip 
behaviour.  

Queo provides a combination of low seal initiation temperatures and a high hot tack and seal 
strength over a broad temperature window, which outperforms conventional sealing polymers 
including VLDPE’s, Ethyl vinyl acetate (EVAs), and Ionomers.  

The properties of Queo enable improvements to take place in existing product ranges and an 
expansion into new markets. It is used for film applications, extrusion coating, sound deadening and 
other automotive applications, flexible sheets, wires and cables, PP (polypropylene) impact 
modification, injection moulded articles, synthetic corks, adhesives, caps and closures, foams. 

When used in film applications, Queo contributes to enhanced package appearance. The low haze 
value of film produced with Queo can improve product visibility and facilitate the use of graphics. 
In this way, Queo helps increase the quality of the appearance of product packaging because it 
allows seals to be overlapped. This has been exploited in the food packaging industry for high-
strength freezer films or packaging of poultry and meat with sharp bones. With respect to sealing 
performance, there is no significant difference between Stamylex and Queo. While Queo has 
additional benefits from having a narrow molecular weight distribution, Stamylex maintains good 
sealing performance.  
 
Core layers of Queo have also been used to improve the tear-strength of double bubble PP films. Its 
favourable mechanical properties deliver significant improvements even as a minority blend 
component, thereby making its use relatively cost-effective. 
 
The advantages of Queo-based thermoplastic polyolefins (TPOs) have been exploited in 
applications including alternatives to PVC roof sheeting, automotive interior and exterior parts, 
appliances and mechanical goods. 
 
When used in the wire and cable industry, Queo provides flexible low-voltage insulation and cost-
effective highly filled cable compounds.  
 
While largely used in blends as performance modifiers for other polymers, Queo has also proven to 
be economically feasible in its pure form as an alternative to other thermoplastics, in rotational 
moulding for example. Queo has displaced PVC in marine buoys and fenders due to weight and 
weathering advantages in the finished product. 

For all the applications that use the resulting LLDPE, alternative products are available but clients 
prefer LLDPE for various reasons. For film type applications, LLDPE is often chosen for its 
superior technical properties. For compound applications, the choice for LLDPE is based on 
numerous factors such as price, ease of handling, availability. A typical alternative product is 
synthetic rubber (e.g. Ethylene Propylene Diene Monomer - EPDM). Synthetic rubber is delivered 
in bales and is less convenient to process compared to LLDPE, which is supplied as grains in a 
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2.8. The applied for use scenario  

Under the applied for use scenario, Borealis would continue to use sodium dichromate as a 
corrosion inhibitor in their water/ammonia absorption cooling installation (“Line 1”) at their Geleen 
site for the following reasons: 

1.                 
           .    

           .20 
2. Sodium dichromate has a proven track record within Borealis as being an excellent 

corrosion inhibitor meaning that Line 1 can continue to operate for the foreseeable future 
(i.e. next 20 years) with minimal periodic investment (which is required regardless of the 
technology used).  To date there is no evidence of any corrosion, which is vital given Borsig 
installation 1 have no allowance for corrosion, and there is no evidence of an alternative 
corrosion inhibitor being as effective as sodium dichromate, let alone one that has a long 
and proven track record. 

3. The volume of Sodium dichromate needed for this use is very small. The historical use is 
only about 60 kg over three years. 

4. Sodium dichromate is used in a closed system, and as shown in the CSR, even under 
(unrealistic) worse case assumptions there are negligible risks to workers (cancer risks being 
valued at ~€1.5 over 20 years (PV), no consumer exposure, and no exposure to the 
environment (or man via the environment).  A summary of the CSR can be found in in 
Section 2.8. 

5. There are no suitable alternatives for Borealis for the replacement of the Annex XIV 
substance function (which is demonstrated in Section 3). 

 

Under the applied for use scenario, Borealis would continue to keep on top of market trends and 
research on any new technologies that may emerge. Borealis would continue to use sodium 
dichromate as a corrosion inhibitor in their water/ammonia absorption cooling installation until 
there was either (i) a superior (and suitable) alternative available, or (ii) there is no longer demand 
for Queo and Stamylex.  The evidence (within this application) supports a review period of 18 
years.          

2.9. Risks from continued use 

Within the CSR in this AfA, a risk assessment has been performed in function of Borealis’ 
authorisation application dossier for the following uses:  

(1) The use of sodium dichromate as in-situ corrosion inhibitor in a closed water/ammonia 
absorption cooling system 
 

As Article 62.4(d) of REACH stipulates that the authorisation dossier shall contain a CSR covering 
the risks to human health and/or the environment related to the intrinsic properties specified in 
Annex XIV, i.e. Carcinogenic Cat.1b, Mutagenic Cat.1b and Reprotoxic Cat. 1b properties, the 
CSR focuses on those endpoints.  
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The applicant used this information to:  

• Evaluate the daily (combined) worker exposure to determine Excess Lifetime Risks. An 
Excess Lifetime Risk means the additional risk to fatal cancer as a result of exposure to 
sodium dichromate (hence Chrome VI), in comparison to the risk to the fatal risk of the 
same type of cancer when not exposed to sodium dichromate. 

• Evaluate the daily (combined) worker exposure and determine Excess Lifetime Risks based 
on the Reference Dose Response Relationship for carcinogenicity published by ECHA on 
December 4, 2013 (RAC/27/2013/06 rev.1).   

• Evaluate the risk characterization ratios with regard to the reprotoxicity effects, using the 
DNELs communicated by the ECHA Secretariat. The use of these DNELs allows the 
evaluation of adequate control.  

• Demonstrate minimization of risks for the uses applied for by demonstrating that the risks 
related to the continued use of sodium dichromate have been minimized as far as technically 
and practically possible.  

 

Environmental exposure and risk assessment 

Environment 

There are worker instructions in place to ensure there is no emission to the environmental 
compartments. Hence, there is no risk related to the environment. 

For reason of completeness, sodium dichromate is classified as an Acute and Chronic Aquatic 
Toxicant Category 1 (respectively H400 & H410). But, since these endpoints are not specified in 
Annex XIV of the REACH Regulation, the direct effects (both on a local and regional scale) and 
risks to the environment resulting from environmental release do not have to be evaluated in detail 
in this CSR for an application for authorisation.  

The overall tonnage taken into account for the exposure/risk assessment was <100 kg/year, 
typically 60 kg/3 years, and maximally 90 kg/yr.  

 

Man via the environment 

There are no emissions to the environment, hence exposure of man via the environment is not 
relevant.  

 

Human health exposure and risk assessment 

Minimization of exposure is demonstrated by technical means and by means of monitoring, namely 
the fact that the installation is a fully closed system. Furthermore, Borealis ensures that procedural 
systems are in place to safeguard the existing processes, and the frequency and duration of the 
activities are limited as much as possible. The number of activities are rare (sampling 4x/yr, 
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o There is no consumer exposure. 

However, we emphasize that all elements with regard to CSR, AoA and SEA of a standard 
dossier have been handled in full in this application for authorisation, because the 
Implementation Regulation for authorisation applications for uses in low quantities has not 
come into force at the time of submission. Moreover, this application for authorisation provides 
all elements required and a detailed justification for a very long review period. 

Also, the CSR demonstrates that the risks related to continued use are extremely low and hence 
the related monetary impact to human health and environment in the socio-economic analysis is 
also extremely low.  

We compared the outcome of the CSR with the “fit-for-purpose” criteria as presented during the 
EU COM/ECHA Workshop on Streamlining applications for authorisation November 17th 
2015viii: 

o There is no consumer exposure (cfr. Criterion n° 1: No consumer exposure) 
o The maximum Excess Lifetime Risk (carcinogenicity) for a worker is 

2.6:10,000,000 which is a factor of 1,500 below the proposed Criterion n° 2 (Excess 
Lifetime Risk of all exposure groups < 4: 10,000).  

o Activities (all industrial use) only take place sporadically (one to 4 times per year) 
o Maximum 8 operators are involved per year to perform the required activities.  
o With regard to reprotoxicity, adequate control has been demonstrated. Indeed, the max. 

RCR is 0.00090, i.e. when the operator would perform both the sampling and refilling 
task in one day 

o There is negligible or no exposure to environment and therefore there is no 
exposure to man via the environment (cfr.  Criterion 3: Excess Lifetime Risk to man 
via the environment < 4:100,000).  

o The scale, also called the additional cancer cases, is 0.000001160 which is a factor of 
ca. 70,000 below the proposed Criterion 4 (Scale = additional cancer registrations = 
Σ(Excess Lifetime Risks x # people) < 0.08ix). 

Meeting the “fit-for-purpose” criteria results in a very low risk to human health and the 
environment and hence to a very low impact in the socio-economic analysis. It demonstrates 
that the emissions are indeed minimized. In this particular case, the extremely low risk 
associated with the continued use of the substance results in an impact as close as ever possible 
to zero (€1.5 over 20 years (PV), or ~€0.13 per year). The risk assessment is presented in detail 
in the CSR, while the monetaray impact assessment is explained in detail in the socio-economic 
analysis.  

We also note that the applicant had requested an exemption for this use on the basis that there is 
negligible exposure. The answer to the request is still pending. Hence, the applicant has decided 
to submit this “safety-net” application for authorisation, in which it is demonstrated, on the 

                                                 
viii http://echa.europa.eu/news-and-events/events/event-details/-/journal content/56 INSTANCE DR2i/title/workshop-on-
streamlining-applications-for-authorisation, presentation by Mrs. Elke Van Asbroeck 

ix The value of 0.08 corresponds to a human health cost (assuming fatal cancer) of 400,000€ over 40 years, or 10,000€ per year.  
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basis of measurement data, that the exposure to workers, environment and man via the 
environment is indeed negligible. 

We conclude that this application for authorisation constitutes an exceptional case, because the 
risk and hence the cost to human health and environment is as close as ever possible to 
zero.  
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3. ANALYSIS OF SUBSTANCE FUNCTION 
 

We, the applicant, need to use the Annex XIV substance for the use specified in our application for 
reasons of:  

1.  Critical substance properties related to the desired function  

2.  Process and performance constraints  

3.1. Description of the Borsig cooling installation 

The ammonia/water absorption cooling system is a three phase process (Figure 4): 

1. Evaporation: in this stage the low-boiling ammonia evaporates and in doing so it 
extracts heat from its surroundings – in this case, the heat from the monomer/solvent 
feed-stream to the polymerization reactor. 

2. Absorption: the gaseous ammonia is absorbed in water. As a result, the partial pressure 
of the ammonia is reduced, allowing more ammonia to evaporate in the evaporation step.  

3. Regeneration: the saturated water/ammonia liquid is pumped to a distillation tower 
operating at  21 where the ammonia is separated from the water by means of heat. 
In this case, burning of natural gas generates the heat. The ammonia is condensed with 
cooling water in a heat exchanger and circulated back to the evaporation unit. The liquid 
water is recovered at the bottom of the distillation unit and recycled to the absorption 
unit. 

As can be understood from the description, the system is fully closed, operating either above or 
below atmospheric pressure. Any leakages in the system must be avoided to ensure the efficiency of 
the process. The process only uses a pump to transfer the water/ammonia mixture from the 
absorption to the regeneration step. No complex gas phase compressors are used which reduces the 
complexity and improves the reliability of the system. 

It is important to note that the system contains both gaseous and liquid conditions, with high and 
low ammonia concentrations.  

The water/ammonia absorption cooling system is constructed in carbon steel. Carbon steel will 
corrode in contact with a water/ammonia mixture especially at elevated temperatures. Typical 
corrosion rates of 0.6 mm/year are cited in the literaturex.  

The following corrosion reaction can occur even in the absence of oxygen (anaerobic):  

𝐹𝐹 + 2𝐻2𝑂 → 𝐹𝐹(𝑂𝑂)2 + 𝐻2 

 
                                                 
x Water: Handleiding voor het gebruik van water in de industrie, pag 159, 1971, Kluwer  
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This corrosion process affects the metal (carbon steel) transforming the iron (Fe) into iron oxide 
which does not contribute to the strength of the metal. As such the corrosion process reduces the 
wall thickness of the piping and equipment. The walls thickness of piping and equipment is in the 
first instance defined by the required strength. Reducing the thickness results in a situation where 
the piping or equipment can no longer resist the internal pressure or the mechanical forces which 
act on piping and equipment. Regular inspection of the equipment can reveal this process. When 
such damage is detected, in most cases the installation has to be stopped for repair leading to 
additional maintenance costs and loss of capacity. These inspection programs never cover the full 
installation but are spot checks. This means that still corrosion can occur unnoticed. As a result, in 
case of corrosion, small leaks or even rupture of piping can occur which effectively will cause a 
loss of containment and release of ammonia.  

A second effect of the corrosion process is the formation of hydrogen (H2). Hydrogen is a gas 
which will not condensate in the heat exchanger of the absorption cooling process but will form gas 
pockets which effectively reduce the heat exchange surface of the heat exchangers and hence, it 
reduces the capacity of the absorption cooling. Hydrogen is also a very explosive gas. This means 
that if there is locally in the installation any corrosion with a loss of containment as a result, also 
hydrogen will be released.     

In summary, corrosion needs to be avoided for at last 3 reasons: 

1. Corrosion leads to the formation of explosive hydrogen gas, which reduces the capacity of 
the absorption cooling and can cause release of explosive mixtures 

2. Corrosion may lead to loss of containment resulting in the emission of toxic ammonia 
3. Corrosion causes damage to the installation which has to be repaired leading to additional 

maintenance costs and loss of capacity 
To completely avoid corrosion, the system is run oxygen free and a corrosion inhibitor is added. 
The corrosion inhibitor interacts with the chemistry of the corrosion process and prevents the 
corrosion. The corrosion inhibitor used by Borealis is sodium dichromate. The main chemical 
reaction is: 

𝑁𝑎2𝐶𝑟2𝑂7 + 𝐹𝑒++ + 𝐻2𝑂 → 𝐶𝑟2𝑂3 + 𝐹𝑒2𝑂3 + 2𝑁𝑁𝑁𝑁 

Sodium dichromate is generally recognised as the best available corrosion inhibitor for the 
water/ammonia medium. Because of the proven performance of sodium dichromate, the Borsig 1 
installation was designed in the seventies without any corrosion allowance. This means that the 
thickness of the piping and vessel walls does not include any additional thickness on top of the 
thickness necessary to achieve the required mechanical strength of the equipment. This is only 
possible for systems where no corrosion is expected at all. Designing the installation without 
corrosion allowance minimises the use of material and optimizes heat transfer in heat exchangers 
(through the minimization of the wall thickness of the heat exchange surfaces). 
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On two occasions in the past (2003 and 2009), the previous operators of the site investigated the 
possibility of using alternative corrosion inhibitors. On both occasions it was concluded that no 
valid alternative for sodium dichromate was known. The investigation in 2003 reported on a case 
where sodium molybdate was used instead of sodium dichromate. The report mentioned a failure of 
the system due to corrosion, with significant cost due to unexpected failure of the equipment which 
resulted in shutdown and required that the equipment be replaced. The absence of oxygen in the 
system was indicated as the cause of the corrosion, since, in contrast to sodium dichromate, sodium 
molybdate cannot function as a corrosion inhibitor without the presence of oxygen. This 
requirement for oxygen for sodium molybdate to act as a corrosion inhibitor has also been 
confirmed in the available literaturexi.  

The investigation in 2009 consisted of a consultation with suppliers of corrosion inhibitors, 
suppliers of ammonia/water absorption cooling units and external corrosion specialists. These 
consultations confirmed the findings of 2003 that sodium dichromate was still the only available 
corrosion inhibitor that provides sufficient protection in the Borealis process. 

Recently, experts (see appendix A) have established that traces of sodium dichromate left behind in 
the system can cause severe problems when changing corrosion inhibitors. At present it is unclear if 
an existing installation can be cleaned sufficiently of sodium dichromate to avoid this problem. 
These findings stress the importance of specific testing of any alternative corrosion inhibitor in 
circumstances relevant for the specific situation of Borealis.  

To avoid the use of sodium dichromate, initial engineering work has been done by the applicant to 
estimate costs (investment and operational costs) to replace the current technology of ammonia 
absorption cooling with a compressor-based technology.  

3.4. List of alternative substances / technologies 

The applicant has searched for alternative substances and technologies that could replace the Annex 
XIV substance for the purpose of the use applied for. As a result the applicant has identified the 
following potential alternatives shown in Table 7.  
  

                                                 
xi Mechanism of corrosion inhibition by sodium molybdate; A.M. Shams El Din, Liufu Wang; Presented at the IDA 
World Congress on Desalination and Water Sciences, Abu Dhabi, November 18–24, 1995 (Proceedings Vol. V, pp. 
181–202) 
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As shown in the detailed (confidential) calculations in Appendix B, despite there being some annual 
savings, the project has a negative return on investment (i.e. negative NPV) even after 20 years 
(which would in any case be considered a very long and risky project timeframe)xii. This conclusion 
is not sensitive to changes in the price of electricity, gas, CO2, or the initial cost of the investment.  
As shown in Appendix B, there would have to be huge changes (improvements) in the baseline 
figures and assumptions in order for there to be a return on investment after 20 years.  This is 
further compounded by the fact that there will be a loss of profits (  25, PV, over 20 years using 
a 10% discount rate) within the EEA until the compressor technology would be fully operational 
and market share (optimistically) regained. 

A sales price increase for Queo of  for 5 years would, assuming no reduction in demand 
from the increase, enable the investment return to be improved so that project payback over a more 
realistic (five-year) timeframe could be achieved. However, although Queo is a speciality 
product,xiii this is not considered a realistic scenario, as existing customers would instead either 
purchase a similar (to Queo) LLDPE from Asia (where there is excess supply relative to demand) or 
reluctantly single-source all LLDPE  . The rationale is set out in Appendix B. 26 

Customers (not just those in the EU) are very reluctant to rely on a single supplier, due to concerns 
over security of supply and the resulting monopolist power of a sole supplier to set prices.  
However this also needs to be balanced with other factors such as contractual agreements, 
reliability, the quality of supply available, delivery times, and overall costs.  For these reasons 
Borealis plays an important role in the market but the demand for its Queo project is still price 
sensitive. As a result, an increased cost of  27 is deemed to result in a huge reduction in 
sales for Borealis, loss of customers, and total profits. The reduction in profits would in turn again 
significantly increase the payback period for the investment.  Therefore based on the analysis and 
knowledge of the market, the compressor technology is not an economically feasible alternative.     

Conclusion: this alternative is not economically feasible 

This technology does not use any SVHC and consists as such in a reduction in risk. 

Conclusion: this alternative results in a reduction of risk 

Although some initial engineering work has been done and a budget quote for a compressor unit is 
available, significant detailed engineering work is still required to define the compressor unit in 
detail and to design the integration of the compressor cooling system into the existing polyethylene 
production installation.  

                                                 
xii Note Borealis installed the compressor system (Line 2) to increase production capacity in line with increased demand 
for their products. This resulted in an increase in sales (and profit) which justified the investment (i.e. positive return on 
investment).  Simply replacing Line 1 with a compressor technology with a similar capacity does not increase any 
production capacity and on that basis, changes in operating costs does not justify the investment (i.e. is not 
economically feasible).   

xiii                 
                    

  27 
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The current engineering and construction plan for the compressor-based system is ca. 4 years: 

• Pre-design study: define boundaries for the design of the compressor system (capacity, 
location, energy supply, …)  9 months 

• Engineering of new installation: detailed design of the installation to be built  9-12 
months 

• Construction and commissioning of the new installation: selection of contractor, physical 
construction, training and start-up of installation. This estimate takes into account a certain 
loss in efficiency because the installation will be partially built while the existing installation 
is in service  2 years 

 

The construction of such an installation always involves the connection of the new installation to 
the existing installation. Such a connection can only be made when the existing installation for the 
production of polyethylene is stopped. It is estimated that a shutdown of at least 6 weeks will be 
required to connect this new installation. During this shutdown, the old cooling installation is taken 
out of service while the new one is connected to the ethylene production installation. After this, the 
production of LLDPE can only be started again with the new cooling installation. 

The timing of scheduled shutdowns is defined by the frequency of regulatory inspections of 
pressure equipment, and these cannot be postponed. The next window of opportunity to make this 
connection is during the             
    .  However, the start of such an extensive project will only occur after a formal 

business decision which will be based on the outcome of the application for authorisation. This 
means that the decision to start this project will not be taken   , when a draft opinion 
is available. Therefore, with a four-year project horizon, it will not be possible to install prior to the 
sunset date. Hence, the compressor-based system cannot be considered available to Borealis at the 
sunset date (21/09/2017).28 

Based on the timeline of the decision for the AfA and the time needed for engineering and 
construction, the earliest implementation would be after the scheduled shutdown of 2019. The 
earliest Borealis will be ready to connect a new cooling system to the existing system will be in Q1 
2021, which would require an additional, ‘on-purpose’ (unscheduled) shutdown, with associated 
loss of production and sales. These costs have not been included in the assessment of economic 
feasibility of this alternative. This means that the economic feasibility in this section represents the 
costs in case the alternative is installed during the scheduled shutdown   29and not outside a 
shutdown window. xiv  

Conclusion: this alternative is not available to the applicant by the sunset date. 

                                                 
xiv Note that this unscheduled shutdown will have no effect on the timing of the next scheduled regulatory shutdown, 
and hence there is no offsetting cost-saving from this additional shutdown. 
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3.8. Partial replacement of corrosive sensitive equipment 

The operating regime of the ammonia water absorption cooling system divides the equipment into 4 
types: (i) rotating equipment (e.g. pumps), (ii) static equipment (e.g. piping, heat exchangers) at low 
temperature    30, (iii) static equipment at high temperature, and (iv) static 
equipment at medium temperature (gas and liquid phase). The corrosion regime for each of these 
operating ranges differs and will require different solutions. The most difficult part from the point 
of view of corrosion resistance is the medium temperature range where liquid ammonia and water 
are both present. Both rotating equipment and static equipment are used in this area of the 
installation. For static equipment it is expected, based on literature data, that stainless steel 316L 
could potentially be suitable. For rotating equipment, the replacement material has to be selected in 
collaboration with the equipment manufacturer. For rotating equipment the choice of the material is 
not only defined by the overall corrosion resistance for the fluid, but also by the mechanical and 
wear resistance requirements set forward by the design of the rotating equipment.  

The level of corrosion resistance without the use of corrosion inhibitor needs to be established for 
the current equipment for the different operating regimes. The section of the process believed to 
have insufficient corrosion resistance will have to be replaced with equipment made of a suitable 
alternative material. For none of the process conditions in the Borealis absorption cooling unit have 
alternative materials been tested, and hence it is not known whether any such suitable alternative 
materials are fulfilling the technical requirements. At best literature data can be consulted. As such, 
the replacement of the corrosion sensitive equipment is at present not technically feasible.   

Conclusion: The alternative materials are neither defined for all equipment, nor have they 
been tested. Hence, the alternative is currently not technically feasible. 

This modification starts from a proven situation where there is no corrosion of any part of the 
installation. Any technical change of the installation involving a change in the selection of materials 
involves a risk of corrosion and hence a loss of containment of ammonia. Ammonia leakages, 
which can take place at any moment in time and at any location in the installation, create a serious 
health risk (Figure 5) which should be avoided at all times. Also explosion risk by hydrogen 
formation is a real risk when corrosion occurs. 

 

Figure 5: Classification of Ammonia (Source ECHA website) 
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This risk can be mitigated by careful selection and testing of the materials for construction, but 
there will be always a remaining risk of corrosion. This risk is both because of the limitations to 
effectively predict the corrosion behaviour of a metal and because inspection of the system for 
corrosion is a spot check. This remaining risk is taken into account by the applicant in the selection 
of the non-use scenario. 

Conclusion: The switch to an alternative construction materials has the potential to reduce 
risk by avoiding the use of sodium dichromate. However this alternative introduces a new 
uncontrolled risk since the testing of such a new corrosion inhibitor can never completely 
predict the corrosion behaviour of a system. 

While the Borsig 1 and 2 oven sections (hot sections) are separate, the Borsig 1 and 2 absorption 
sections are in a common part of the installation (polymerisation reactor feed cooling). Hence it is 
not possible to work safely on the one part while the other part is still in operation. The replacement 
of the equipment will therefore require a shutdown of the complete installation (Borsig 1 and 2). 
The engineering and design of the alternative equipment will take 12-18 months, provided the 
construction materials for the different equipment have been identified and tested in relevant 
conditions. The selection and testing of such a materials will take at least 12 months.  

A decision for the replacement of corrosive sensitive equipment will not be taken before a negative 
draft opinion of ECHA has been communicated. Given the time required to prepare a draft opinion 
by ECHA (6-9 months), the time required for the selection of the materials (>12 months) to be used 
and preparation of such a technical modification of the production unit (>12 months), this 
alternative will not be available by the sunset date of September 2017. 

Conclusion: this alternative is not available to Borealis at sunset date. 

The cost of the replacement of the equipment is estimated at €    depending on which 
sections of the installation need to be replaced (details see   . 31 

The total time to install the alternative equipment is estimated at 9 weeks, which is 3 weeks longer 
than any scheduled production shutdown (   ). The costs related to the additional 
downtime (  ) required to install the replacement equipment is €   This means that 
the replacement of the equipment and the installation of a compressor involve a similar level of 
capital investment. However, with the replacement of the equipment there will be no saving on 
energy costs and there will be an additional loss of capacity and hence of revenue during the 
installation of the alternative. 32 

However the real cost of this replacement program lies with the uncertainty around the level of 
corrosion resistance achieved in the (modified) installation in the absence of sodium dichromate. In 
case this corrosion occurs after sunset date, such an event would cause a complete shutdown of the 
installation for an indefinite time until repairs are done and a solution for the corrosion problem is 
identified. This introduces an unacceptable business risk of which financial consequences cannot be 
estimated. 
                                                 
xv Hand factor estimation method using DACE (Dutch Association of Cost Engineering) data and a material factor for 
special grades of steel of 1.98 
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Conclusion: this alternative is not economically feasible.  

3.9. Alternative, drop-in corrosion inhibitor 

In the long list of alternatives, a number of substances are mentioned which are known corrosion 
inhibitors. However, none of these products has been successfully tested in conditions 
representative for Borealis Geleen. This means that no alternative has been proven to provide 
sufficient corrosion protection for the current installation. Until such testing is done with a positive 
outcome, these alternatives are technically not feasible. 

It is important to note that part of the current installation was constructed without any corrosion 
allowance, since this was considered unnecessary given the (total) effectiveness of sodium 
dichromate as a corrosion inhibitorxvi (which has been proven). This means that any alternative 
corrosion inhibitor which provides less corrosion protection would lead to a situation where the 
wall thickness of the Borsig 1 installation would be sub standard and would force Borealis to take 
the installation out of service. Even worse, this lack of protection  risks going unnoticed for a period 
of time during which there would be a risk of loss of containment of the ammonia.  

Hence, extensive laboratory testing would be required before an alternative corrosion inhibitor 
could be used of even tested in the actual production site. It needs to be noted that some of the 
mentioned inhibitors are anodic inhibitors which could introduce an increased corrosion rate in the 
presence of traces of remaining sodium dichromate (see appendix A). This means that any testing 
needs to take into account the actual and current installation at Borealis Geleen and cannot rely only 
on general scientific research on this topic. 

Conclusion: None of the mentioned drop-in alternatives is technically feasible. 

A major concern in the development of an alternative inhibitor is to define representative test 
conditions in the lab which can predict the behaviour in the production unit in Geleen. For instance, 
as mentioned before, the tests set-up has to take into account the existing equipment has been 
operated for many years with a chromium-based inhibitor. 

Consultation with the    33 has resulted in a possible research plan to 
develop the necessary tests to evaluate alternative corrosion inhibitors in conditions representative 
to the conditions in the production site. Such a plan (see Appendix C for details) would consist of 4 
phases of laboratory testing. The deliverables of this plan would be (i) identification of a laboratory 
test that sufficiently imitates the conditions on site, and (ii) a list of identified corrosion inhibitors 
which provide sufficient corrosion protection in laboratory conditions. The next step would then be 
to test the corrosion inhibitor in the production site in Geleen. This testing would be done on the 
Borsig 2 installation only, since (1) this installation is the smallest and in case of failure it would 
have the least impact on the business and (2) because this installation has a minimal corrosion 
allowance of 1 mm. The corrosion allowance provides some level of protection in case of corrosion 

                                                 
xvi Corrosion allowance is the additional thickness of the wall of piping and equipment on top of the required thickness 
calculated based on the required mechanical strength. 
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during the test. Knowing that the typical corrosion rates is 0.6 mm/yearxvii, this means that the 
corrosion allowance gives a limited certainty only.  
This research plan in the laboratory is estimated to take 3 years. This shall then be followed by the 
industrial trial which is estimated to take 3 years including preparation of the trial. 
 

Conclusion: There is no alternative corrosion inhibitor available by the sunset date for 
sodium dichromate. 

Several of the corrosion inhibitors mentioned in the long list are less hazardous compared to sodium 
dichromate. However, the use of an alternative inhibitor only represents a reduction of risk if 
uncontrolled corrosion can be excluded. Currently there are no such tests available which can 
predict the behaviour of a new inhibitor in an existing ammonia absorption cooling installation. Any 
remaining corrosion can occur at any location in the installation, and no installation inspection can 
with 100% certainty find all these possible locations. This means that loss of containment of 
ammonia could occur at any place at any time in the installation.  

Conclusion: The switch to an alternative corrosion inhibitor has the potential for a lower 
risk from stopping the use of sodium dichromate. However this alternative introduces a new 
uncontrolled risk of ammonia leakage as testing can never completely predict the corrosion 
behaviour of a system. 

As there is no alternative corrosion inhibitor currently known, it is not possible to assess the impact 
on the operational cost of such a switch. On the other hand the current cost of corrosion inhibitor (  

)34 does not provide much room of possible financial savings using a different inhibitor.  

Consultation with the     has allowed Borealis to estimate the cost of a 
research programme (i) to identify a suitable laboratory test and (ii) to screen existing corrosion 
inhibitors for their suitability. This programme has been estimated  €  . This laboratory 
program is estimated to take minimum 3 years, which means that a plant trial cannot be started 
before sunset date.35 

This then results in a risk of failure after sunset date, with no solution at hand to continue 
production. Hence, the real cost of this test program lies with the testing in the production site. This 
test has the potential to cause severe damage to the equipment potentially leading to loss of 
containment. This would cause a complete shutdown of the installation for an indefinite time until 
repairs are done and a solution to the corrosion problem is identified. This introduces an 
unacceptable business risk of which financial consequences cannot be estimated. 

3.10. Ranking of the alternatives 

Three main alternatives to be considered are: 
 

o Replace with compressor based technology 
o Replace with corrosion resistant material 

                                                 
xvii Water: Handleiding voor het gebruik van water in de industrie, pag 159, 1971, Kluwer  
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o Develop an alternative inhibitor 
 
Only the alternative where the current technology is replaced by a compressor-based technology 
does not introduce new risks. Both the selection of an alternative corrosion inhibitor and the use of 
alternative construction materials entails a risk of corrosion, loss of containment and interruption of 
production. As such, these alternatives are both technically infeasible currently and provide 
uncertain risk reduction potential. In comparison, the compressor technology is a technology known 
to Borealis and proven in this service. However, all alternatives are predicted to involve significant 
costs to adopt – including simply for the research and testing required to identify them – and none is 
available by the sunset date. 
 
The identification and testing of new corrosion-resistant materials and alternative inhibitors is 
subject to considerable uncertainty, in terms of both success in identifying suitable candidates for 
adoption as well as the ultimate performance of those candidates when implemented. The business 
risks associated with these options – particularly the potential for a complete failure of the 
installation – are too great to be considered further by Borealis. As a result, if Borealis is required to 
stop its use of sodium dichromate by the sunset date, it will initiate a project to install a new 
compressor-based cooling system. This non-use scenario is described further in Section 5. 
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5. NON-USE SCENARIO 
 

The non-use scenario sets out the likely responses by affected parties if authorisation for the applied 
for use is refused (and therefore Borealis would need to cease use of sodium dichromate by the 
sunset date).  This draws on the results of the AoA (Section 3) to determine the most likely 
response(s) along the supply chain.  

5.1. Response by Borealis 

Following the sunset date, Borealis would have to stop using sodium dichromate and ensure there is 
no sodium dichromate left in the cooling system. The Borealis site has two different cooling 
technologies in operation at the site.  Currently  of total production (Queo and Stamylex)  

) is possible through the use of a compressor system (“Line 2”) that does not require sodium 
dichromate.  After the sunset date, this cooling system will continue to be used.  Since this volume 

 ) is unaffected by the outcome of the authorisation, there are no net impacts, and Line 2 
is therefore not discussed further. 37 

After the sunset date, based on the evidence presented in Section 3, it is clear that the only option 
available to Borealis would be to shut down Line 1 completely as it is dependent on the use of 
sodium dichromate as a corrosion inhibitor.  It would mean the decommission of both  “Borsig 1” 
and “Borsig 2” resulting in a significant reduction in production and associated sales revenue as 
Line 1 supports  38 of total production.   

In order to minimise in the long term lost profits to Borealis from reduced production capacity, 
Borealis’s only option is to replace Line 1 (i.e. the two Borsig installations) with a compressor 
based cooling system.  Borealis would do this despite there being a negative NPV (i.e. after 20 
years using a 10% discount rate) using a compressor, as it is the only technically feasible alternative 
known at this stage and it thus provides Borealis with the only realistic certainty of continued 
production (and crucially profit from sales) similar to under the applied for use scenario. 

Some pre-engineering work would commence prior to the sunset date (in Q2 2017) but the timing 
would ultimately depend on when the final decision is made by the European Commission (EC).  If 
the ECHA committees propose to grant authorisation but the EC’s final decision is to refuse 
authorisation, Borealis will only begin planning for a compressor technology after a final decision 
the EC.  Equally if the ECHA committees final opinion proposes to refuse authorisation, Borealis 
will only begin planning for a compressor technology based on a draft opinion by the ECHA 
committees but will not commit to any significant investment until a final decision is made by the 
European Commission. 

As set out in Section 3.7 it is estimated that it will take at 3-4 years from the start of the engineering 
before a compressor system can be operational. To install such a system, a shutdown time of at least 
6 weeks is estimated to be required. The non-use scenario responses for Borealis are summarised 
below in Figure 6 whereby the analysis takes an optimistic perspective by assuming that the 
compressor cooling unit will be fully operational by Q1 2021. 
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6. ANALYSIS OF IMPACTS 

6.1. Introduction 

The aim of this Section is to determine if the benefits of continued use of sodium dichromate for 
this very specific use outweighs the risks to human health and the environment.  This is done by 
comparing the impacts from the applied for use scenario with the non-use scenario.  The changes in 
impacts (often referred to as the ‘net’ impacts,) form the basis of the cost-benefit analysis (CBA) 
and stem from changes in consumer prices, producer profits, and risks to the environment and 
human health (e.g. due to work place exposure)xviii.  An overall positive net impact would mean that 
authorisation is justified from the overall perspective of society.  A negative net impact would 
indicate that society is better off if authorisation were refused.   

Impacts were screened to determine those to be assessed within this section.  This screening 
exercise is included as an appendix (Appendix D) to show to interested parties and the SEA 
Committee (SEAC) that a wide range of impacts were considered and any justification for not 
assessing them further.  

The assessment focuses on the EEA, as recommended in the ECHA SEA guidance.  The analysis 
takes a very optimistic view that Borealis can regain any lost market share due to a refused 
authorisation 3 years after the new compressor cooling unit is operational in Q1-2021.  Therefore 
the assessment focuses on all relevant impacts between 2017 and 2024.  After 2024, the impacts 
under the applied for use and non-use scenario as expected to be similar (i.e. no net impact) except 
energy savings associated using the new compressor cooling unit which are assessed over a 20 year 
period (a 20 year period is consistent with the SEA guidance).    

  

                                                 
xviii It is important to note some key caveats about the scope of the analysis that can be practically undertaken to support 
the SEA. Formally – in terms of the underlying principles of economic analysis – the CBA should be based on changes 
in consumer and producer ‘surpluses’. Consumer surplus is the difference between what a consumer is willing to pay to 
purchase a product and the price they actually pay. Producer surplus is the difference between the price received for a 
product and the minimum they would be willing to sell it for (typically represented by the marginal cost of production). 
In combination, the combined net change in consumer and producer surpluses (the ‘economic surplus’) represents the 
genuine change in overall social welfare perspective that the SEA is concerned with; hence if product prices or 
production costs change as a result of a refused authorisation, there are consequential changes in economic surpluses 
along the supply chain. However, data to calculate these changes in economic surplus are often not readily observable 
(e.g. information on average and marginal costs of production are confidential to upstream suppliers and downstream 
users). Hence the analysis that supports a SEA is typically based on financial flows (e.g. sales revenue, profits, 
operating costs) from which changes in social welfare may be inferred. In many instances this is an appropriate 
approach as it is sufficient to demonstrate the balance of impacts in terms of order of magnitude (i.e. whether the risks 
to human health and the environment from continued use outweigh the benefits of authorisation, or vice versa).   
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6.2. Human health or environmental impact 

Based on the screening of health impacts, the only health impact deemed necessary to assess 
(although not deemed significant) is worker inhalation exposure to sodium dichromate. As 
described in the CSR, a total of 8 workers are potentially exposed to very low levels of sodium 
dichromate a few times a year (or in some cases once every 3 years) for the following activities: 

1. During refilling: presence of 2 operators 1 time/3years, but for the risk assessment a worst 
case of 2 operators 1 time/year is considered,  

2. Sampling: presence of 1 operator 4 times/year, typically a different operator for every 
occasion. This can thus also be described as 1 operator exposed 1x/year and this for in total 
4 operators, and 

3.  Maintenance: presence of 1 operator 2 times/year, typically a different operator for every 
occasion. This can thus also be described as 1 operator exposed 1x/year and this for in total 
2 operators. 

 

The exposure would either continue in the applied for use scenario or cease in the non-use scenario.  
As a worst case estimate, for consistency with the CSR it is assumed the workers performing the 
refilling activity are exposed once every year. 

To quantify the additional number of lung cancer deaths from worker exposure the dose response 
relationship report provided by ECHA was used for carcinogenicity.  For the lung cancer 
calculation, Excess Lifetime Risk (ELR) is defined as the additional or extra risk of dying from 
cancer due to exposure to a toxic substance incurred over the lifetime of an individual.  Note that 
developing cancer may occur during working life or after retirement.  The linear exposure-risk 
relationship for lung cancer as estimated by ECHA is given by: 

Unit occupational excess lifetime mortality risk = 4 × 10-3 per µg Cr(VI)/m3 

This excess risk estimate is measured up to the age of 89, based on assumed exposure of eight hours 
per day for five days per week over a working life of 40 years is assumed.  The risk assessment in 
this application for authorisation is based on there being no thresholds for cancer effects of sodium 
dichromate for lung cancer using a presumed exposure of 8 hours per working day over a working 
life of 40 years.  For reprotoxicity adequate control has been demonstrated in the CSR (RCR is 
0.00090). Hence, because there is no risk related to this endpoint, reprotoxicity is not further 
discussed in the SEA. 

The total ELR was calculated in the CSR (and is also shown in Section 2.9 - risks from continued 
use) based on the excess lifetime mortality risk and the number of workers affected.  The total ELR 
as shown in Table 11 is extremely small under both the best estimate (where PPE is used) and even 
under a sensitivity whereby PPE is not used. The numbers both with and without PPE, are reported 
as the exposure was determined based on actual personal exposure measurements which do not take 
into account the PPE, although the operators always wear the relevant PPE during the described 
activities.  Table 11 also shows that the costs of fatal lung cancers from worker inhalation exposure  
estimated at €1 (PV) over 20 years.  Based on these results, it can be concluded that the cancer 
mortality risks are negligible (i.e. €1). 
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6.3.1. Net cost to Borealis of new compressor system  

As set out in the non-use scenario, Borealis would invest in replacing Line 1 (Borsig installation 1 
and 2) with one new compressor system.  With pre-planning starting before the sunset date, it is 
optimistically assumed that construction would start in 2018 and the compressor operational by Q1 
2021. As set out in Appendix B, the capital cost of this investment is estimated at €  million 
(  – PV using a 4% discount rate).41   

The main advantage of using the compressor system is that Borealis can return to similar production 
capacity as it knows that it is technically feasible given that Line 2 is already using a compressor 
system. There is also the additional annual savings from reduced energy consumption and avoided 
direct costs of CO2 emissions (from avoided use of gas as incurred under the applied for use 
scenario); both of which are desirable also from society’s perspective.  

Over a 20 year period (2017-2036) based on Line 1 operating at maximum capacity of (i.e. 
assuming full capacity) after Q1-2021, the net present value (NPV) is negative and estimated at -
€1.4million  – using a 4% discount rate as per the SEA REACH guidancexxi.  Therefore even using 
a discount rate that reflected society’s perspective, this investment is not deemed a good investment  
(see confidential excel file submitted with this application for further details on the supporting 
calculations).   

The -€1.4million NPV estimate is based on the plant operating at full capacity from Q1-2021. This 
assumes there are no production delays, no gradual build up to full production capacity and ignores 
that it will take Borealis several years to potentially gain its original market share.  Therefore in 
reality the NPV is likely to be worse than the -€1.4million estimate.  As a sensitivity analysis of 
other variables, the investment in the compressor technology could be considered beneficial if there 
were a permanent 1.6% higher increase in gas prices relative to electricity prices, as then there 
would be a slight positive NPV of €0.1million. However on balance the evidence suggests that the 
estimate of -€1.4million NPV is a conservative estimate rather than a pessimistic estimate (given 
the number of optimistic assumptions used). 

6.3.2. Lost profit to Borealis (and within the EU) 

Under the non-use scenario there will be a loss in Borealis’s production, leading to a reduction in 
sales revenue and profit to Borealis.  Until the new compressor system is operational in Q1-2021, 
Borealis would try to minimise any lost profit by significantly reducing production of Stamylex 
(after a negative draft opinion by ECHA) to focus production to make extra Queo (a more valuable 
product) prior to the sunset date on Borsig installation 1 and 2. 

Forecasted sales under the applied for use scenario (as shown earlier in Table 3) and the non-use 
scenario were estimated (see confidential excel file submitted with this application for further 
                                                 
xxi In order to value CO2 emission, Borealis has used business projected CO2 prices over the next 30 years based on the 
price of traded EU allowances.  This is deemed suitable for the SEA as the ECHA SEA guidance  states that “it  is  
suggested  to  use  an estimate  of  the  cost  based  on  the  abatement  costs.   Policies  such  as  the  EU  Emissions  
Trading likely  to  set  a  cap  on  the  total  emission,  which  means  than  action  that  increases  or decreases CO2 
emissions will not impact on total EU level of emissions”. 
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6.4. Social impacts 

Based on screening possible impacts of a refused authorisation (see Appendix D – Table D.4) the 
main social impact identified was the downstream user loss in availability of Stamylex from 
Borealis.  The advantage of purchasing from Borealis is the flexibility, intrinsically related to the 
solution technology used by Borealis, offered to small downstream users who are able to purchase 
Stamylex in small volumes and at short notice for niche applications.   This flexibility may not be 
available if they have to purchase a similar product from other suppliers who apply large scale 
technology which is less flexible to change grades and to produce small volumes.  Without further 
consultation it is not clear how significant any costs such as issues on reduced cash-flow and/or the 
need for bridging loans might be. 

As noted above Borealis would seek to retain some production staff to ensure a smooth transition to 
the new compressor system but there will be some staff that would be made redundant.  There 
would be a cost to Borealis (redundancy package) and costs to the staff being made redundant, from 
temporary unemployment (i.e. until they can find another job), changes in job satisfaction (if their 
new job is not as enjoyable / fulfilling), changes in net disposable earnings (e.g. their new job may 
pay more or less, involves more travel time/cost), and emotional costs associated with losing their 
job (e.g. stress and anxiety).    
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7. INFORMATION FOR THE LENGTH OF THE REVIEW PERIOD 
 

Based on the evidence presented in this application, Borealis is seeking a review period of 18 years 
as it meets what the ECHA (2013)xxiii guidance on setting a review period refers to as an 
‘exceptional’ case.   

Borealis uses sodium dichromate in a closed system and as the CSR clearly demonstrates even 
under (unrealistic) worse case assumptions that: 

• There is no consumer exposure; 
• There are negligible risks to workers (cancer risks valued at ~€1.5 PV over 20 years which 

are effectively as close to zero as feasible);  
• No exposure to the environment;  
• No exposure to man via the environment; and 
• The typical volume used (60 kg/3 yrs) is minimal and has been minimized by optimising the 

product process. 
 

With minimal periodic investment (which is required regardless of the technology used), Line 1 can 
continue to operate well beyond the next 20 years.  Borealis therefore have no long term plans to 
change Line 1 because: 

1. The market is expected to grow over the next 10 years (forecasting beyond this is very 
difficult) and this would require the full capacity available of Borealis Line 1 and 2; 

2. There are no suitable alternatives for Borealis for the replacement of the Annex XIV 
substance function.  Borealis would continue to research new technologies but currently 
there are no new/emerging technologies (e.g. cooling equipment, cooling technologies or 
superior products) that Borealis are aware of that will be available within the next 18 years.  

3. Past research has not lead to a suitable alternative. Any further research in-house would cost 
€   48, which is not proportionate to the minimal impact of €1.5 to human health and 
environment. 

4. There is a long and proven track record of producing Stamylex and Queo using sodium 
dichromate as an in-situ corrosion inhibitor in a closed water/ammonia absorption cooling 
system.  To date there is no evidence of any corrosion, which is vital given Borsig 
installation 1 have no allowance for corrosion, and there is no evidence any alternative 
corrosion inhibitor being as effective as sodium dichromate, let alone one that has a long 
and proven track record.   

5. Borealis has invested significant time and resources in ensuring worker safety.  As the risks 
are negligible, it does not make financial sense to invest significant amounts of money on 
any known (unsuitable) alternatives.  

                                                 
xxiii (ECHA 2013) – “Setting the review period when RAC and SEAC give opinions on an application for 
authorisation”. Available at: 
https://echa.europa.eu/documents/10162/13580/seac rac review period authorisation en.pdf  
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6. As demonstrated in the non-use scenario, it is not in societies best interests for Borealis to 
replace Line 1 with a compressor cooling system as even after 20 years any energy and CO2 
savings do not outweigh the initial investment costs.  This is further compounded by the fact 
that there will be a loss of profits within the EEA until the compressor technology would be 
operational.  Relative to the risks of continued use (€1.5 PV over 20 years) it is clear that 
such an investment is not justified as there could be more productive uses of that investment 
in the future (i.e. projects that return a positive NPV).  

  

The evidence presented in this application clearly shows that the risks are negligible whilst the 
socio-economic benefits of continued use are high (  ).49  There is therefore no 
justification from a risk perspective to give a shorter review period than 18 years (i.e. risks are 
valued at ~€1.5 over 20 years which would negligible change if authorisation was given for 12 
years).   

It would also not be beneficial to grant a shorter review period than 18 years as there is not foreseen 
to be a different applied for use position.  Even a review period of 12 year (whilst defined as ‘long’ 
in the ECHA guidance note) would be too short a review period as there are no new/merging 
technologies (known at this stage) which hypothetically could be tested and be operational 
commercially (for a long period of time) to justify Borealis investing money to change their existing 
Line 1 system.  Even then, the technology would have a high (and quick) return on investment for 
Borealis to want to invest it rather than reapply for authorisation. 

Therefore other than an update on the market (e.g. demand and any info on alternatives), it would 
simply result in Borealis reapplying for authorisation rather than indicating a switch in technology.  
There would be no change in the non-use scenario and therefore ECHA would effectively be 
making a decision for authorisation based on the same information as already provided within this 
application. 

Taking into consideration all of the information presented in the application, the evidence clearly 
justifies this application for authorisation being considered an exceptional case with a review period 
of 18 years. 
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8. CONCLUSION 
 

The key findings of this Application for Authoristion (AfA - made up of the Chemical Safety 
Report – CSR, Analysis of Alternatives – AoA, and Socio Economic Analysis – SEA) are: 

1. The risks are minimised: 
a. There is no consumer exposure to sodium dichromate from products made; 
b. There are negligible risks to workers;  

i. Lung cancer risks are valued at less than two euros in total over 20 years  
c. No exposure to the environment; and 
d. No exposure to man via the environment; and 
e. The typical volume used (60 kg/3 yrs) is minimal and has been minimized by 

optimising the product process. 
2. There are no suitable alternatives to Borealis Plastomers BV (the applicant) 
3. The socioeconomic benefits of continued use estimated at ~€   50 (–PV, over 20 

year).  
4. The evidence demonstrates that the benefits of continued use far exceed the risks to human 

health and the environment. 
5. The evidence also demonstrates the case for a review period of 18 years. 

 

The results are clear and justify this application being considered an “exceptional case” warranting 
a review period longer than 12 years which is currently defined as a “long” review period, in part 
because the cost to human health and environment is as close as possible (feasible) to zero. 
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Appendix A EXPERT STATEMENT ON ACCELERATED CORROSION 
RATE IN THE PRESENCE OF TRACES OF SODIUM 
DICHROMATE  

 

Rebeca Reguillo Carmona, PhD 

Senior Scientist – Innotech Process Technology 

04/11/2015 

A corrosion inhibitor is a chemical additive, which, when added to a corrosive aqueous 
environment, reduces the rate of metal wastage. There are two main types of inorganic inhibitors: 
cathodic and anodic.  

During the corrosion process, the cathodic corrosion inhibitors prevent the occurrence of the 
cathodic reaction of the metal. These inhibitors have metal ions able to produce a cathodic reaction 
due to alkalinity, thus producing insoluble compounds that precipitate selectively on cathodic sites. 
Deposit over the metal a compact and adherent film, restricting the diffusion of reducible species in 
these areas. 

Anodic inhibitors (also called passivation inhibitors) act by a reducing anodic reaction, that is, 
blocks the anode reaction and supports the natural reaction of passivation metal surface, also, due to 
the forming a film adsorbed on the metal. In general, the inhibitors react with the corrosion product, 
initially formed, resulting in a cohesive and insoluble film on the metal surface. Sodium 
dichromate belongs to this category of anodic inhibitors. 

For the anodic inhibitors effect, it is very important that the inhibitor concentrations should be high 
enough in the solution. Concentrations below to the critical value are worse than without inhibitors 
at all. The inappropriate amount of the inhibitors affects the formation of film protection, because it 
will not cover the metal completely, leaving sites of the metal exposed. This situation can become a 
serious problem due to the oxidising nature of the inhibitor which raises the metal potential and 
encourages the anodic reaction. These sites can give rise to localised attack, generating pitting 
corrosion, due reduction at the anodic area relative to cathodic, or can accelerate corrosion, like 
generalized corrosion, due to full breakdown the passivity. 

Other examples of anodic inhibitors include orthophosphate, nitrite, nitrates, ferricyanide, 
molybdates, hydroxides and silicates. 
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Appendix B ECONOMIC FEASIBILITY OF COMPRESSOR 
TECHNOLOGY 

 
This appendix sets out further details to support why the compressor technology is not 
economically feasible.  The confidential excel file along with this application provides all the 
supporting calculations so that the SEAC can verify the analysis presented in this appendix.  The 
information is deemed commercially sensitive and therefore the majority of this appendix, included 
the excel file should be treated confidentially. 
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Appendix C REQUIREMENTS FOR A DEVELOPMENT PROGRAM 
FOR A NEW CORROSION INHIBITOR 

 
Such an R&D project needs to be split in 2 main steps:  
 

• Step 1 is the research on laboratory scale.  
• Once a successful candidate is identified, then a plant trial will be made (Step 2).  

 
As explained before, all possible actions need to be taken to assure the same level of corrosion 
protection of an alternative inhibitor compared to the current one. Testing with an alternative 
inhibitor without proper lab testing has been tried before with severe results (cost and risk of 
emission of ammonia). 
 
Hence a main challenge in the identification of a suitable alternative corrosion inhibitor is to 
identify the specific conditions of corrosion in the plant and to simulate these in lab conditions. To 
achieve this, tests have to be designed. These conditions of corrosion relate to process temperature, 
pressure, composition of the cooling fluid, current status of the metal surfaces and flow conditions. 
The latter is of specific importance as the mechanism of corrosion protection is the formation of a 
protective layer. The stability of this layer is affected by the erosion. Erosion is caused by the flow 
of the cooling fluid itself. Especially bends and other area of high turbulence could be vulnerable to 
accelerated corrosion.  
 
The concept of the plan is a two-step evaluation of commercially available corrosion inhibitors. In 
the first step less sophisticated tests are used to screen a larger number of candidates. In a second 
stage, lower number of substances are tested in more realistic process conditions which simulate the 
real installation. 
 
This appendix describes the phases and related timelines for the research on laboratory scale (i.e. 
for Step 1). This program is made based on consultation with the    53  
PHASE 1: Literature and contacts  (Duration ~6 months) 
o    Detailed literature and patent screening 
o    Detailed definitions of the different corrosion environments in the Borsig system 
o    Identification test candidates 
o    Establishing contacts and collaborations with suppliers, other users and stakeholders 
 
Milestones in this phase: State of the art overview, List of test candidates 
 
PHASE 2: Test method  (Duration ~9 months) 
o    In the cooling installation different conditions for corrosion can be found such as in the gas an 

liquid phase as identified in the first phase. These different conditions may lead to different 
corrosion mechanisms. For each of these conditions, the conditions and the constraints for the 
test set-up need to be defined.  
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o    Definition of test methods: based on the constraints and conditions in the real plant, the test set-
up needs to be defined to simulate each of these conditions.  
Once the design of the test set-up is made (potentially different set-up will be required to 
simulate the different conditions), equipment needs to be purchased and installed.  

o    The new equipment will be tested with preliminary tests to assure the correct functioning of the 
equipment. 

o    Definition of test plan: Timing and deliverables of the test program are documented 
 
 Milestones in this phase: Test equipment ready, Definition of Test methods, Test plan for 
screening of candidates 
 
PHASE 3: Screening  (Duration ~10 months) 
o    Procurement of test candidates 
o    Definition of success criteria for the screening (which substances to be take in next phase) and 

fixed conditions for benchmarking 
o    Screening (short term tests) of test candidates for different scenarios (gas phases, liquid phase, 

diff. concentrations etc.) 
o    Selection of best performing candidates 
o    Alignment with stakeholders (Borealis site, R&D group, Borealis innovation group, corporate 

HSEQ and product stewardship) and suppliers about feasibility 
o    Interpretation of results 
o    Draft of detailed test approach 
 
 Milestones in this phase: Selection of best performing candidates, Draft of detailed test 
approach 
 
PHASE 4: Detailed Testing (Duration ~14 months) 
o    Identification and definition of detailed test scenarios: during this phase a limited number of 

substances will be tested in detail. The different conditions in the plant need to be simulated in 
the different test set-up as defined in earlier phases. 

o    Set-up detailed test plan 
o    Detailed testing 
o    During detailed testing, the of corrosion/protection mechanism for the different test substances 

will be identified; performance of the test substances and consumption rate will be established. 
o    Selection of preferred candidate 
o    Alignment with stakeholders (Borealis site, R&D group, Borealis innovation group, corporate 

HSEQ and product stewardship) and suppliers about test results 
o    Interpretation and summary of results 
o    Draft of plant test approach 
o    The current installation is using sodium dichromate as corrosion inhibitor. It is likely that the 

R&D plan will identify that there is an effect of the use of sodium dichromate on the proper 
functioning of a new corrosion inhibitor. To avoid this effect, the R&D plan will define a 
procedure to clean the current installation.  
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 Milestones in this phase: Selection of preferred candidate, proposal for plant test, finishing of 
technical report 
 
The cost of the research plan (laboratory phase only!) is estimated to    .54 
The outcome of the R&D-project would be a proposal for a plant test. This plant test will be 
organised in an own follow up project with an estimated duration of 3 years.  

 

  














