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1. Summary 
 
Chromium trioxide is listed in Annex XIV of REACH (entry 16) and is subject to authorisation. Its latest 
application date was 21 March 2016 and its sunset date was 21 September 2017. 
 
TCL Manufacturing Ltd (trading as Perrin & Rowe and referred to as such in this report) designs and 
manufactures high-quality bathroom and kitchen products for the luxury sector. Their product portfolio 
includes kitchen taps, bathroom and basin brassware, kitchen and bathroom accessories, and chinaware. 
Perrin & Rowe’s products are all handmade in their UK manufacturing facility in Wolverhampton, combining 
state-of-the-art manufacturing technology with traditional processes and methods.  
 
Perrin & Rowe’s brassware products are available in a number of different finishes, the hardest and most 
durable of which is chrome. Perrin & Rowe achieves this finish by electroplating brass products using 
chromium trioxide to create a metallic chrome coating which has a brilliant silver appearance with a hint of 
blue. This means Perrin & Rowe’s use of chromium trioxide is subject to the authorisation requirements in 
REACH.  
 
Perrin & Rowe is currently in compliance with REACH as a result of the application for authorisation (AfA) 
made by the Chromium Trioxide REACH Authorisation Consortium (CTACSub). The CTACSub AfA is the joint 
upstream application submitted by seven applicants under EU REACH that covers all their downstream 
users for six defined uses of chromium trioxide1. Perrin & Rowe are one such downstream user and use 
chromium trioxide for functional plating with decorative character (use group 3). The European Commission 
has published its decision on the CTACSub application for use groups 1, 2, 4, 5 and 6, but not use group 3 
(application ID 0032-003). The transitional arrangements under UK REACH are such that this route to 
compliance is only available until 30 June 2022.  To continue operations beyond this date, Perrin & Rowe 
must submit an AfA to the Health & Safety Executive (HSE) under UK REACH.  
 
This combined Analysis of Alternatives (AoA) and Socio-Economic Analysis (SEA) relates to Perrin & Rowe’s 
use of chromium trioxide in the electroplating process. It forms part of the demonstration made in support 
of Perrin & Rowe’s application for authorisation (AfA) to allow for continued use of chromium trioxide 
following the end of the transition period on 30 June 2022.  
 
Using chromium trioxide in functional chrome plating with decorative character provides many advantages 
due to the resulting properties of coatings deposited from chromium trioxide during electroplating. Key 
functionalities include2:  
 

- enhanced corrosion protection and chemical resistance of finished products; 
- highly desirable aesthetic qualities (a brilliant, mirror-like surface); 
- good adhesion performance when used with brass substrates; and 
- excellent wear and abrasion resistance. 

 
Since chromium trioxide became subject to authorisation under REACH, it has been very challenging for 
industry to find a single suitable alternative (substance or process) which provides the same multi-
functionality of coatings generated from chromium trioxide. In other words, there is no ‘drop-in’ alternative 
at the current time3.  
 

 
1 The uses covered are: (1) formulation (2) functional chrome plating (3) decorative chrome plating (4) surface treatment for aeronautics & 
aerospace industries (5) miscellaneous surface treatment and (6) passivation of tin-plated steel. 
2 EIPPCB, 2006, p48, and TURI, 2006, ch6, p6.  
3 Müller et al., 2020, p17. 
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1.1. Analysis of alternatives (AoA) 
 
The AoA seeks to determine whether there are any suitable alternative substances and technologies to the 
use of chromium trioxide in functional chrome plating with decorative character for sanitary applications, 
such as taps, showerheads and bathroom and kitchen accessories. In particular, the AoA considers: 
 

a) the technical feasibility of alternatives to chromium trioxide;  
b) the economic feasibility of alternatives to chromium trioxide;  
c) whether transferring to alternatives would result in reduced overall risks to human health and the 

environment; and 
d) whether the alternatives are available to Perrin & Rowe, i.e. whether they would be of sufficient 

quality and accessible in sufficient quantities. 
 
The objective is to provide input for the substitution plan (SP) and the socio-economic analysis (SEA) to help 
identify the most likely non-use scenario (NUS) in the event that chromium trioxide can no longer be used 
by Perrin & Rowe. To this end, the AoA also considers the technical and economic feasibility of alternative 
business models including transferring the use of chromium trioxide outside of Great Britain (GB) and the 
European Union (EU). 
 
The AoA considers a range of potential alternatives to chromium trioxide. The most promising and realistic 
for future development is electroplating based on trivalent chromium-based solutions (chromium sulphate 
and chromium chloride). Other potential alternatives considered include processes based on trivalent 
chromium and lacquer and physical vapour deposition (PVD) with chromium. However, all of these 
alternatives currently fail because they are not technically and economically feasible. If products had to be 
manufactured using such alternatives, this would result in a very significant loss of sales and market share, 
with customers switching to more durable and reliable product that had been manufactured using 
chromium trioxide, most likely manufactured outside GB and the EU. 
 
This means that if Perrin & Rowe’s use of chromium trioxide were to cease then its only options are 
‘managerial’ in nature, such as ceasing the production and supply of chrome-plated products entirely, 
relocating manufacturing operations currently undertaken in GB to a non-UK/EU facility, or outsourcing 
electroplating using chromium trioxide to a third party based outside the UK and the EU. These options are 
analysed further in the SEA in terms of considering the most likely NUS for Perrin & Rowe.   
 
 

1.2. Socio-economic analysis (SEA) 
 
Chrome-based finishes are by far the biggest part of Perrin & Rowe’s market, accounting for approximately 

 (public range 40-60%) of total sales over the last three years. Even though Perrin & Rowe and other 
manufacturers have sought to extend the range of colours and finishes for sanitary ware in recent years, 
chrome plated sanitary ware is by far the leading choice. It provides both superior technical performance, 
such as corrosion protection and chemical resistance and unmatched aesthetics. The existing use of 
chromium trioxide for electroplating therefore forms the ‘applied-for use’ and, should authorisation be 
granted, Perrin & Rowe will continue with R&D efforts aiming to substitute the use of chromium trioxide in 
the longer term.   
 
Perrin & Rowe has assessed what it would do if it were required to cease the use of chromium trioxide in 
the UK. Cr(III)-based and other technologies are not currently technically or economically feasible and 
substitution to them would result in a loss of market share to importers of sanitary ware from the EU and 
the rest of the world which has been produced using chromium trioxide. However, shutting its UK business 
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would not be acceptable to Perrin & Rowe nor its parent company, Fortune Brands Home & Security, Inc. 
Relocating the business outside of the UK is not considered feasible due to its brand being heavily 
associated with British craftsmanship, expertise and experience.  
 
For this reason, Perrin & Rowe would seek to continue to supply chrome plated product until such time 
acceptable alternatives were available. The non-use scenario (NUS) is associated with the outsourcing of a 
substantial proportion of Perrin & Rowe’s manufacturing process to a low-cost base to enable the business 
to continue to operate until such time (estimated mid-2032) as a viable alternative to chromium trioxide-
based plated products acceptable to the market can be implemented.  
 
The SEA evaluates potential impacts to the health of workers at and the public in the vicinity of the 
Wolverhampton facility that may be exposed to chromium trioxide because of ongoing chrome plating.  It 
also evaluates the economic and social benefit relating to these activities. The assessment focuses on 
impacts within the UK and the impacts are described quantitively or qualitatively, depending on the 
complexity of the issue and the availability of data.  Impacts beyond the UK are also discussed for context. 
 
A period of 10 years (from mid-2022 to mid-2032), the minimum possible length of time within which Perrin 
& Rowe could adequately identify a suitable replacement for chromium trioxide is used for the purpose of 
the assessment. This is the requested review period. The SEA also considers the period between the 
estimated date of a refused decision, assumed for the purpose of this assessment to be 1 January 2024, in 
terms of the assessment of certain economic impacts. 2022 is used as the base year for calculations. 
 
Continued use would avoid societal costs associated with the NUS estimated at  
per year (public range £5.7 million to £11.4 million) or  over 2 years (public 
range £11.4 million to £22.7 million). The health risks associated with continued use are estimated at less 
than £1,000 per year, meaning that the benefits outweigh the costs by several orders of magnitude.  
 
This means that the remaining risk of continued use is ‘low’ and the socio-economic benefits are ‘high’, a 
situation which is unlikely to change in the next decade. This application therefore meets the criteria for a 
longer review period, as per RAC/SEAC guidance4, and the review period requested by Perrin & Rowe is 
comparable with those requested by competitor firms in recent authorisation applications under EU REACH. 
 
 

1.3. Substitution plan (SP) 
 
In spite of the failings of potential alternatives, Perrin & Rowe continues to devote time and resources to 
research and development (R&D) into them. These efforts centre on trivalent chromium processes, in an 
attempt to address their current performance weaknesses. It is hoped that the issues with trivalent 
chromium-based alternatives can be resolved in the future although this is far from clear and not 
guaranteed. The Substitution Plan (which forms a separate report to this combined AoA-SEA) considers the 
steps proposed to switch to a hexavalent chromium-free alternative in more detail, along with the 
associated timescales, complexities and uncertainties. The plan involves substantial R&D effort for the 
investigation and qualification of shortlisted alternatives, further detailed investigation of process variables, 
scale-up of the chosen alternative process to production trials, conducting those trials and gathering 
feedback, then ultimately transitioning from hexavalent chromium processes to the chosen alternative 
process. As a result, a review period of 10 years is requested.  
 

 
4 ECHA paper SEAC/20/2013/03 ‘Setting the review period when RAC and SEAC give opinions on an application for authorisation’ (13 September 
2013, agreed at SEAC-20), available at 
https://echa.europa.eu/documents/10162/13580/seac_rac_review_period_authorisation_en.pdf/c9010a99-0baf-4975-ba41-48c85ae64861   
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2. Aims and scope 
 

2.1. Aims 
 
This combined AoA and SEA report supports the AfA, which aims to demonstrate the following: 
 

• Exposure from the use of chromium trioxide has been minimised (as described in the CSR). 
 

• Perrin & Rowe has been conducting significant and appropriate R&D efforts, and continues to do 
so, to identify suitable alternatives to the use of chromium trioxide for electroplating. However, 
R&D efforts so far have not provided a suitable alternative.  

 
• An AoA has been conducted for the purpose of this application to examine the technical and 

economic feasibility of potential alternatives, their availability and the level of risk reduction they 
present. The AoA has found that: 

 
o none of the identified alternatives are suitable to replace the current Cr(VI)-based 

technology without significant loss of technical and economic performance; and 
 

o while substitution to the most promising (Cr(III)-based) alternative would, on balance, lead 
to an overall reduction in risk, the reduction is not as significant as may be first thought.  

 
• A SEA has been conducted for the purposes of this application to describe and analyse all relevant 

impacts (positive and negative effects) of granting an authorisation compared to refusing to grant 
the authorisation. The SEA has found that the benefits of continued use of chromium trioxide by 
Perrin & Rowe outweigh the risks of continued use for human health and the environment. 

 
• Granting the authorisation would allow Perrin & Rowe to continue to use chromium trioxide while 

continuing its search for a more sustainable alternative. Perrin & Rowe foresees that the 
substitution of chromium trioxide will not be feasible before mid-2032, i.e. at least 10 years after 
submission of the application for authorisation. 

 
• Perrin & Rowe has developed and is in the process of executing a substitution plan which sets out, 

based on the current state of technology, the actions and timetable foreseen to substitute 
chromium trioxide with a suitable alternative substance and technology. The SP describes the 
complexities associated with substitution and provides detail about why the review period 
requested is necessary. 

 
 

2.2. Scope 
 
2.2.1. The substance  
 
The substance subject to this combined AoA and SEA is chromium trioxide (Table 1), an inorganic, soluble 
salt of hexavalent chromium (Cr(VI)). Chromium trioxide was included in the EU candidate list of substances 
of very high concern (SVHC) on 15 December 2010 (ECHA Decision ED/95/2010) and was included in Annex 
XIV of EU REACH on 17 April 2013 (by virtue of Commission Regulation (EU) 348/2013).  This was because 
of intrinsic properties relating to carcinogenicity and mutagenicity. It was given a latest application date of 
21 March 2016 and a sunset date of 21 September 2017. EU REACH (and the EU candidate list) was retained 
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Figure 1: Perrin & Rowe's flagship showroom in the Design Centre at Chelsea Harbour, London 
 
Perrin & Rowe do not mass produce, instead taking a small batch bespoke approach. All brassware is cast, 
machined and electroplated at its Wolverhampton and Rainham sites, all under one roof. Perrin & Rowe’s 
focus is on quality of production, precision engineering and attention to detail, combining modern 
production methods with time-tested techniques. British craftsmanship is a key aspect of the brand, as is 
longevity and a unique aesthetic that aims to combine designs of the present and the past. This fusion of 
technology and craftmanship is the source of Perrin & Rowe’s unrivalled reputation for quality. A global 
luxury brand, Perrin & Rowe’s products are known by architects and design professionals for their quality 
and durability, and appear in famous hotels such as the Savoy, the Langham and Claridges. 
 
Perrin & Rowe is part of Fortune Brands Home & Security, Inc. (trading as FBHS), an American manufacturer 
of home and security products and a Fortune 500 company. Fortune Brands is built on industry-leading 
brands and innovative products for kitchens, bathrooms, entryways, and outdoor living spaces, and for 
protection and security. It has 25,000 employees, annual global sales of over US $7.78 billion in 2021 and a 
strong track record of double-digit year-over-year financial growth.  
 
Fortune Brands supports brands across three reporting divisions: Outdoors & Security, Cabinets, and Water 
Innovations. The plumbing division, Water Innovations (WI), has six brands with annual global sales of over 
US $2.78 billion in 2021. The House of Rohl is a concept that unites these distinctive luxury brands within 
FBHS. Perrin & Rowe forms part of WI where it sits alongside other luxury brands such as Rohl, Riobel and 
Shaws, under the ‘House of Rohl’ banner. WI also includes Moen, the number one tap brand in the North 
American market. 
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2.2.3. The supply chain 
 
Perrin & Rowe purchases brass bar/billet, chemicals and precious metals to support the plating process, as 
well as dedicated components such as valves, hoses, aerators and packaging. Suppliers are in Europe, the 
Americas and Asia as well as the UK. UK suppliers account for  (public range 30-50%) of supplies by 
value. Perrin & Rowe also purchases services including distribution and specialist processing support from 
local suppliers.   
 
Perrin & Rowe supplies to residential, non-residential (hospitality) and original equipment manufacturer 
(OEM) markets. As an average over the last three years, the residential (retail) market has accounted for 

 (public range 80-95%) of sales, the non-residential (hospitality) market for  (public range <10%) 
of sales and the OEM market for  (public range <10%) of sales.  
 
Within the UK and Australasia markets, most sales occur via major distributors with whom Perrin & Rowe 
has built up longstanding relationships over many years. Perrin & Rowe also supplies directly to a growing 
network of retailers and independent showrooms throughout the UK and Europe. 
 
Perrin & Rowe supplies directly to the non-residential (hospitality, property developer and housebuilder) 
markets and to OEM customers who brand Perrin & Rowe products as their own. Perrin & Rowe also 
supplies directly to end users, predominantly for after-sales service and spares. An online sales capability 
has recently been established within the UK. In addition, Perrin & Rowe supplies directly to subsidiaries of 
FBHS for the US, China and Canadian markets. 
 
Generally, the market for kitchen and bathroom taps and mixers is mature and very competitive. Over 50 
brands in the UK, German and French markets have a share of 0.01% or more of the market, with 24 
companies having a market share of 1% or more in the UK in 2018. Perrin & Rowe had around 0.22% of the 
UK market share for sanitary taps and mixers in 2017 and 2018, the 37th largest brand, and a market of 
<0.01% by volume in the German and French markets. Similarly, it has a niche presence (<0.01% by volume) 
in the kitchen taps and mixers market, where around 25 brands have a share of the market over 0.01%. 
 
The sanitary tap and mixer market can be more specifically characterised according to price segment, for 
example, economy, lower, middle, upper and luxury market segments. In the case of bathroom fittings, the 
economy, lower and middle price segments account for the majority of the market, representing around 
83-85% by volume in 2017 and 2018 while the upper price segment represents around 12-13% and the 
luxury around 3-4% of the UK market.  In the kitchen taps and mixers market, the lower, middle and upper 
price segments account for around 86% by volume in 2017 and 2018 while the economy price segment 
represents around 8% and the luxury around 6% of the UK market. 
 
Perrin & Rowe is positioned in the upper end of the luxury segment of the market. Perrin & Rowe products 
are continually specified and installed in the most luxurious hotels, resorts and spas in every continent 
around the world. Perrin & Rowe has an estimated 2% share of this luxury market segment in the UK and 
1% share in the EU and the rest of the world. It exports approximately  (by sales) (public range 50-70%) 
of its overall production and  (by sales) (public range 25-50%) of products that rely on chromium 
trioxide to around 50 countries beyond the UK. Major markets include North America, Canada, Australia 
and New Zealand (  of total sales) (public range 45-65%) with other significant markets including the 
Netherlands, Germany, Denmark, Sweden, Belgium, South Africa and China.   
 
Perrin & Rowe products are renowned for their reliability, quality, precision engineering, leadership in 
innovation7, and for being designed and manufactured to the highest technical standards. Durability and 

 
7 For example, Perrin & Rowe invented and patented the world’s first three-way tap.   
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longevity of performance is expected of Perrin & Rowe products. The products are not mass produced; 
rather a small-batch, bespoke approach and stringent criteria for excellence are used to manufacture 
products that ‘define perfection’. Each product is individually tested before leaving the factory. 
 
The Perrin & Rowe promise includes ‘a commitment to UK manufacturing’ and the brand logo includes 
explicit reference to the UK, ‘Perrin & Rowe, London’.  The Perrin & Rowe brand is strongly associated with 
being ‘Crafted’ or ‘Made in Britain’ and ‘Made to last, with quality and integrity’. Perrin & Rowe is 
recognised as a luxury consumer brand in the US and Australia and a luxury trade brand in the UK. UK 
marketing efforts are focused on building Perrin & Rowe into a luxury consumer brand. While the value of 
Perrin & Rowe’s market identity as ‘the height of British craftmanship’ is difficult to measure, customer 
feedback indicates it contributes strongly to market appeal in countries such as the US and Australia.  
 
Perrin & Rowe also supplies to certain OEMs such as  who market products under their 
own brand.   
 
 
2.2.4. Financial performance and trends 
 
Perrin & Rowe’s compound annual growth rate (CAGR) calculated over the last 3 years (2019 to 2021) is 

 (public range <15%) for chrome and  (public range <15%) for non-chrome products. Volume 
growth in the taps and mixers luxury sector worldwide is robust.  Volume growth across the luxury sector 
as a whole is forecast at 6.4% per annum until 2026 8. Perrin & Rowe is also driving price increases of  or 
more (public range <10%) per annum. FBHS is investing heavily in the Perrin & Rowe manufacturing 
facilities, and in branding, to underpin sales targets which rise significantly through to 2030.  More 
generally, Perrin & Rowe is a global supplier of a niche luxury product which has relatively high barriers to 
entry (due to the level of bespoke craftsmanship involved, the capital intensity of Perrin & Rowe’s 
manufacturing facilities, the complexity of international compliance requirements around products 
conveying drinking water and the quality accreditations that underpin the products) and has a relatively 
low market share in all our markets. All these factors indicate significant potential for growth. 
 
The next few years are forecast to support continued growth for the Perrin & Rowe brand.  Year on year 
sales of chrome plated products increased  (public range 10-25%) in 2021, and  (public range 5-
10%) in the first quarter of 2022.   
 
 
2.2.5. Market analysis and regulatory context 
 
Perrin & Rowe’s products are targeted at the luxury end of a competitive marketplace for kitchen and 
bathroom sanitary ware. In more recent years, that market has developed to offer different colours and 
finishes for such products, but it remains the case that Cr(VI)-based products dominate overall customer 
demand. For the purposes of assessing the implications of a non-granted authorisation and determining 
the NUS, it is necessary to understand regulatory and market factors concerning the continued availability 
of Cr(VI)-based products despite chromium trioxide being subject to authorisation under REACH both in the 
UK and EU. 
 
According to VPA Research, commissioned in 2020 to conduct market analysis on behalf of FB WI, the global 
brassware (tap) market was US $20.40 billion in 2020, estimated to have been US $21.47 billion in 2021, 
and is expected to continue to grow year on year to reach US $34.84 billion by 2030 (at a CAGR of 5.5%) – 
see Table 2 below.  

 
8 Statista (2020), as cited in CN Logistics (2020).  
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Taking all the above into account, this means that there is, and will continue to be, a large source of Cr(VI)-
based sanitary ware manufactured outside the UK which is readily available for import into the UK. 
Consequently, any attempt to substitute away from Cr(VI)-based products to alternatives that are currently 
inferior will always be hampered by the continued availability of Cr(VI)-based products from abroad. This 
problem is compounded for Perrin & Rowe who operate at the luxury end of the market, where customers 
will more readily notice and move away from inferior alternatives. 
 
Given these regulatory and market factors, the dominance of Cr(VI)-based products is unlikely to change 
significantly over the next decade unless there is considerable improvements made in the quality of 
alternatives.  
 
 

2.3. Annual quantity 
 
The annual quantity for the use of chromium trioxide in functional chrome plating with decorative character 
is .  
 
The non-confidential annual tonnage band for the use of chromium trioxide in functional chrome plating 
with decorative character is 100 kg – 1 tonne per year. 
 
 
 

3. Analysis of substance function 
 
Chromium trioxide is used for electroplating a wide variety of products across a number of different sectors, 
including sanitary ware, automotive parts, engineering equipment, tools, electrical goods, gun barrels, 
cosmetic products, furniture, kitchen utensils, white goods, musical instruments and various consumer 
products.  
 
The thickness of electroplated chromium deposits falls into two classifications12: decorative chrome plating 
and hard chrome plating. In decorative applications, the chrome is plated as a thin (0.25–0.8 μm) layer over 
nickel, which provides an economical, durable and highly corrosion resistant deposit that is also 
aesthetically-pleasing. In hard chrome plating, usually used for engineering purposes, deposits usually have 
a thickness greater than 0.8 μm and are often plated directly onto the substrate. Again, such coatings 
provide excellent resistance to heat, wear, corrosion and erosion.  
 
 

3.1. Perrin & Rowe’s use of chromium trioxide  
 
Perrin & Rowe uses chromium trioxide in an electroplating process to apply a metallic chrome coating on 
brass components to create a hard and durable finish of a brilliant silver with a hint of blue. The process is 
described as functional plating with decorative character. Production takes place at one site in GB 
(Wolverhampton) where a range of different articles for sanitary applications are produced. These include:  
 

• Kitchen products, such as kitchen taps and mixers, pot fillers, soap dispensers, furniture handles 
and waste and overflow kits. 

 

 
12 Mandich & Snyder, 2011 
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• Bathroom products, such as bath and basin taps and mixers, shower mixers and diverters, shower 
heads and roses, shower hoses, rails and risers, and accessories such as towel rails, robe hooks, 
toilet paper holders, tumbler holders, shaving mirrors and corner baskets.  

 
While many of its products are available in a variety of finishes, such as nickel, pewter, gold, bronze and 
brass, chrome-based finishes remain the biggest part of Perrin & Rowe’s market, accounting for 
approximately  (public range 40-60%) of total sales over the last three years.  
 

 
 
Figure 2: Examples of Perrin & Rowe Cr(VI) plated products 
 
Electroplating of sanitary products using chromium trioxide creates a metallic chrome coating on brass 
substrates so that the finished product (sanitary products for kitchen and bathrooms) performs optimally 
under reasonably foreseeable conditions of use. It provides both superior technical performance, such as 
corrosion protection and chemical resistance and unmatched aesthetics. Although chromium trioxide is 
used during the electroplating process, no chromium trioxide residues are present on the finished chrome-
plated products and therefore none of the hazards associated with the use of chromium trioxide will be 
carried forward to the finished products. To the contrary, one of the benefits of chrome-plated 
sanitaryware is that the finish is non-toxic and safe. Furthermore, the durability and protective properties 
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of the finish means less damage due to corrosion and less maintenance, both of which introduce the 
potential for physical injuries. 
 
For sanitary applications, functional chrome plating with decorative character is used to achieve a surface 
with high durability when used in aggressive and demanding environmental conditions, which also has a 
high, consistent and durable aesthetic value (brilliant silver appearance with a hint of blue). As Perrin & 
Rowe also make accessories such as shower rails, robe hooks, soap dispensers and so on, colours must 
match between products and over their complete lifetime, and for replacement parts / components as well.  
 
 

3.2. Benefits of using chromium trioxide 
 
While the science of modern electroplating dates back to the beginning of the 19th century, it took until 
the early 20th century for chromium plating to begin13. During World War II, the use of metals such as 
chrome was partly put on hold, but its use in applications including those with decorative qualities rapidly 
expanded during the 1950s and has remained popular ever since. The use of chromium trioxide is well-
established, well-understood and achieves the key functionalities required for products used for sanitary 
applications, mainly based on the characteristics of the hexavalent chromium compound. These key 
functionalities are: 
 

• corrosion resistance, needed to prevent corrosion of the products (the coating itself and the 
underlying layers) and therefore protect against degradation due to the process of oxidation of a 
metallic material, due to chemical reactions from the surrounding environment (e.g. water, 
increased humidity and temperatures commensurate with kitchen and bathroom environments). 

 
• wear and abrasion resistance, to protect the coating and underlying layers from scratches and 

damage, as well as contribute to high corrosion resistance and to preserve decorative appearance. 
 

• adhesion, to ensure metallic chromium deposited from chromium trioxide during electroplating 
successfully adheres to the underlying substrate, to prevent damage from cracks and/or blistering.  

 
• chemical resistance, as chemicals in daily contact with the products (e.g. cleaning agents) can 

attack the surface, causing corrosion and adversely affecting surface aesthetics. Chemical 
resistance is all the more important for products likely to be cleaned on a frequent basis, such as 
those used in hotels and similar settings. Corrosion prevention prolongs product life and guarantees 
its decorative appearance. 

 
• resistance to temperature change and heat, which has to be high to withstand demanding 

conditions the products are exposed to in kitchen and bathroom environments. 
 

• ultraviolet (UV) resistance, whereby the coating must be sufficiently robust to withstand natural 
(sunlight) and artificial UV radiation. 

 
• colour and aesthetics, in that the finish must achieve a specific aesthetic appearance to satisfy 

customer demands and expectations. This includes a requirement that products must be capable 
of colour-matching other products (or components of products) found in the same environment, 
e.g. where one product in a bathroom requires upgrading if it has reached end-of-life. Surfaces 
must also be free of any defects such as pores, cracks and blistering. 

 
 

13 Dubpernell, 1984, and Giurlani et al., 2018. 
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• longevity, in that products must be capable of satisfying a minimum period of service life, given 
product warranties and the often-demanding and aggressive environmental conditions of use, as 
well as satisfying customer expectations about the quality of the brand. 

 
All of the above-mentioned key functionalities are highly interconnected with each other and therefore it 
is essential that a potential alternative sufficiently fulfils every minimum requirement to achieve a high-
quality surface under the conditions of use.  
 
Several alternatives are under assessment and these are described further in this AoA.  While R&D efforts 
into substituting chromium trioxide continue (and which are hoped will ultimately be successful), this AoA 
demonstrates there is currently no alternative that meets all of the above functional requirements and 
which is economically feasible. In other words, at the present time, there is no ‘drop-in’ replacement 
available.  
 
The most promising potential alternatives are those based on trivalent chromium (Cr(III)) technologies and 
these are subject to detailed analysis in this AoA. However, the investigation and testing undertaken to date 
by FB WI has shown that Cr(III) coated products are not technically a viable alternative to Cr(VI) 
electroplating for several reasons.  
 
Cr(III) presents important critical problems with regards to corrosion and chemical resistance. Testing on 
components coated using Cr(III) processes reveals that the necessary functional requirements are not all 
met, with a significantly lower chemical and corrosion resistance than coatings derived from Cr(VI) based 
electroplating technology, reducing product longevity. This is especially problematic with long-term, high-
quality, high-use applications, for example in hotels or other hospitality uses.    
 
The appearance of articles produced with Cr(III) also present aesthetic problems due to a darker,  
yellowish/brownish hue of the coating.  This can be caused both by iron ions incorporated into the metallic 
chrome deposition from bath constituents, as well as other impurities entering the Cr(III) process chemistry.  
This darker, yellower appearance does not meet the high aesthetic standards required by customers.   
 
 

3.3. Process description 
 
Perrin & Rowe manufactures brass sanitary ware at its sites in Wolverhampton (electroplating) and 
Rainham (machining and assembly). Brassware is cast, machined, hand polished, plated, assembled, tested 
and finished, using a combination of state-of-the-art manufacturing technology and time-tested, traditional 
methods and skills.  
 
The electroplating process is a multi-step, automated process carried out in multiple treatment baths. 
Process steps are performed by immersing the brass substrates in baths containing an aqueous solution 
specific to the individual process step. Process steps are performed in a continuous operation within the 
plating line. Intermediate rinsing steps are performed in the process to prevent the carry-over of chemicals 
from one bath into another, which would lead to contamination of the subsequent process step. The 
chrome plating layer is applied as the final coating on top of a multi-layer system. The combination of all 
the layers results in the final appearance and performance properties of the finished product. 
 
In general, the electroplating process can be divided in three sub-processes, summarised in Figure 3 and 
Table 7 below, namely pre-treatment (removal of impurities, surface activation), the main process 
(functional chrome plating) and post-treatment (rinsing, drying, inspection). For brass substrates, only the 
main process requires the use of chromium trioxide. The functional chrome plating process is performed in 
open baths by immersing the metal substrates in an aqueous solution of chromium trioxide.  
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3.3.1. Pre-treatment 
 
Receipt [WCS1] 
Chromium trioxide is received as chrome flake (solid) which is delivered to the site in 25 kg containers on 
pallets. Deliveries are made to Good Inwards where they are checked against the delivery notes. Once the 
drums have been offloaded from the delivery vehicle, they are transported to the storeroom using a 
combination of forklift and pump truck by the Stores person and an authorised member of the plating team.  
 
Storage [WCS2] 
Access to the chemical store is restricted by way of keycode entry which is limited to six authorised persons: 
two Technicians, three Senior Operators and the Head of Maintenance. The chromium trioxide drum is 
stored in a bund which has been sealed with Robex paint. Only a maximum of two 25 kg drums of chromium 
trioxide flake will be stored in the bund at any one time.  
 
Weighing [WCS3] 
Weighing is conducted once a week by one (of two) Technicians. In the absence of a Technician, this activity 
will be conducted by a Senior Operator. The weighing takes place within the chemical store where a 
scoop/trowel is used to take chrome flake from the 25kg drum and decant it into a smaller container. The 
container is placed onto the weighing scales and flake is added/removed until 2 kg has been measured out. 
The activity is performed under local exhaust ventilation (LEV) with workers wearing respiratory protective 
equipment (RPE) and neoprene gloves. The container is then taken by hand to the plating line and added 
manually to the relevant bath. The distance between the chemical store and the plating line is 
approximately 7 metres.  
 
Bath adjustment [WCS3] 
Prior to making the addition of chromium trioxide to the tank, the line is shut down. Whilst the addition is 
being made to the bath, only one authorised person is on the chrome line platform conducting the bath 
addition. LEV will be in operation and the worker will wear RPE and neoprene gloves. The 2 kg of chrome 
flake is decanted from the container directly into the bath and a plastic mixer is used to stir in the flake. 
 
Jigging / loading [WCS7] 
The brassware is loaded onto jigs which are passed through an ultrasonic tank before entering the plating 
line. Jigs are supported on trolleys and then manually loaded on to the flight bar of the chrome plating line.  
 
Pre-treatment [WCS5] 
The parts first must be cleaned of any kind of dirt, both organic and inorganic contaminants. Removal of 
organic material from the surface of the substrate is achieved through alkaline cleaning processes, i.e. soak 
cleaning and electrolytic cleaning. These processes, in conjunction with intermediate rinsing, effectively 
remove the organic material from the parts and prepare the surface. Removal of oxidation from the surface 
of the parts is performed in an acidic activation process. Removal of the surface oxide film is required for 
appropriate adhesion of the subsequent plating layers. 
 
 
3.3.2. Plating 
 
The chrome plating line (Line 1) is approx. 60m in length and 4m in width. It is automated, with a total cycle 
process time of two hours (chrome plating itself takes less than 10 minutes). The plating line operation is 
supervised by two Technicians, who regularly walk the lines. The plating line is restricted to authorised 
personnel only. There is dedicated LEV for the chromium trioxide baths and other baths containing 
hazardous substances.  
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Nickel Plating [WCS5] 
Nickel is applied by an electrolytic chemical deposition process (electroplating). Multiple nickel layers are 
needed prior to the final, chrome layer being applied, as the multi-layer combination is required to meet 
the required key appearance and performance requirements of the finished product. Such requirements 
include corrosion and chemical resistance, hardness, adhesion and surface appearance of the final product. 
The nickel is applied in a two-layer system. It combines a nickel strike layer and bright nickel layer. 
 
Chrome Plating [WCS5] 
The chrome layer is applied by electroplating, similar to the nickel, but utilising chromium compounds in 
the process bath instead of nickel compounds. The chrome plating solution contains dissolved chromium 
trioxide and additives (electrolytes). During the electroplating process, the hexavalent chrome, Cr(VI), is 
reduced to metallic chrome, Cr(0). The chrome plating layer forms a well-adhered coating on top of the 
nickel plating layers. This continues until the metallic chrome coating has reached the desired thickness 
level.   
 
The thickness of the metallic chrome layer is typically on average equal to 0.25-0.60 μm and depends on 
the geometry of the substrate. 
 
The bright chrome appearance of the product is not solely a result of the metallic chrome layer but also of 
the respective under plates. In contrast, the slightly bluish character of the metallic chrome coating is solely 
a result of applying a metallic chrome layer by chromium trioxide-based electroplating. 
 
During the chrome electroplating process chain, numerous rinsing steps are carried out to prevent the drag-
out of substances from one plating bath to the next. Rinsing is commonly performed by dipping the product 
in a bath filled with clean rinsing water. It usually occurs in several steps following the sequence technology. 
The most common technique is counter-current sequence rinsing, where the part is rinsed in a succession 
of rinsing baths that are dedicated to the plating bath. 
 
The coating is applied quickly and due to the bath application technique, almost all kind of articles with all 
different geometries (flat, complex, with inner cavities, etc.) and size (independently if small or big) can be 
plated. 
 
Rinsing / neutralisation [WCS5] 
During the electroplating process chain, multiple rinsing steps are carried out to prevent the drag-out of 
materials from one plating bath to the next. Rinsing is conducted in a bath filled with clean rinsing water. It 
typically occurs in several steps following the various chemical process tanks. Counter-current rinsing is 
normally used, where the part is rinsed in a succession of rinsing baths. This both reduces water 
consumption as well as improving the rinsing effectiveness of the parts. 
 
Following chrome plating, traces of chrome solution on the plated parts and racks will be neutralised by 
immersion into a tank containing chrome neutralising salts.  
 
Sampling [WCS4] [WCS6] 
To ensure electrolyte concentrations are kept within optimal parameters, the concentration of Cr(VI) must 
be regularly monitored. Bath analysis is conducted once per week internally and every three weeks by the 
external chemicals supplier. It involves using a flask to scoop out a small sample which is taken to the on-
site laboratory where titration analysis is conducted according to a standard operating procedure (SOP). 
Surface tension sampling is also conducted by a third party every 2 weeks with results sent back to the on-
site laboratory. 
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Figure 5: Perrin & Rowe chrome plating line (1) 
 

 
 
Figure 6: Perrin & Rowe chrome plating line (2) 
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Maintenance [WCS8] 
Weekly checks are conducted on the anodes, flight bars and flight bar contacts etc. Chrome baths will be 
emptied and refilled every 12 to 18 months depending on levels of contaminants, to avoid excess levels of 
contamination building up. A third-party contractor is used to perform this work under specific risk 
assessment and method statement. This process also allows for the anodes to be replaced if required. 
 
 
3.3.3. Post-treatment 
 
Rinsing and drying [WCS5] 
The post plate operation involves various rinsing and drying steps.  Multiple cold-water rinses, followed by 
a much higher purity deionized water rinse, are utilized to remove residue from both the internal and 
external surfaces of the parts.  It is then followed by a forced air-drying step, where the water is then dried 
from the surfaces of the parts. 
 
Unloading [WCS7] 
The transporter returns the flight bars back to the loading area. The jigs are manually removed from the 
flight bar and placed on manual trolleys. The ‘Unjigger’ collects the trolleys and takes these through plating 
into the Unjigging Inspection Area. Careful visual inspection is performed on all individual parts to ensure 
stringent quality requirements are met.  
 
 
3.3.4. Waste treatment 
 
Wastewater and solids (sludge) [WCS9] [WCS10] 
An on-site waste water treatment facility (see Figure 7 below) reduces Cr(VI) to trivalent chromium, Cr(III), 
in a highly effective manner, such that residual concentrations of Cr(VI) in effluent are very low and often 
non-detectable, and may be considered negligible. The process is automatic – probes send signals to a 
control panel and reagents are dosed automatically according to the readings on the panel. The treatment 
occurs through closed pipelines. 
 
Once treated, the wastewater is sent via a series of tanks (pH and flocculation tanks) to a settlement tank 
where the sludge is allowed to settle before collection via a filter press and removal for disposal by a 
specialist waste handler.  The wastewater is then discharged from the site.   
 
Samples are taken from the final discharge point and analysed in the laboratory on site every 4 hours, 4 
times a day by Technicians. The local water board, Severn Trent, also takes periodic samples for their 
analysis. Further information on waste treatment can be found in the CSR. 
 
Air [WCS9] 
The LEV has a scrubber which is cleaned periodically by a specialist third party under specific risk assessment 
and method statement. The LEV itself is subject to thorough examination and testing by a competent 
person, in line with the requirements of occupational health and safety legislation.   
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Figure 7: Effluent process flow schematic 
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- ASTM B117-18 Standard Practice for Operating Salt Spray (Fog) Apparatus 
- ASTM G85-19 Standard Practice for Modified Salt Spray (Fog) Testing 

          
Abrasion resistance 
The abrasion resistance of a coating is its ability to resist the gradual wearing caused by abrasion and 
friction. The wear resistance of a coating is tested through use of industry standard Taber Abrasion test 
equipment. The test consists of a specimen placed under abrading wheels equipped with a rubbing 
material, e.g. felt strip. A predetermined force is applied and the specimen is made to continuously rotate 
while in contact with the abrading wheels until the desired number of rotations is achieved. During the test, 
a rub-wear action takes place between the specimen and the abrading wheels. Abrasion resistance is tested 
by FB WI based on its reference standard WI 10-020-0180 (Resistance to Abrasion Evaluation test method).  
 
Adhesion 
Adhesion describes the ability of multiple materials, layers or surfaces to adhere to one another. The 
delamination of the different layers or the substrate is the result of poor adhesion. Sanitary products are 
exposed to a large variety of chemicals and reagents and mechanical stress through intensive use. For the 
required lifetime and aesthetic appearance of all coated parts, it is important that the coatings applied to 
the substrates can withstand these effects. Adhesion resistance is tested by FB WI using its reference 
standard WI 10-020-0182 (Adhesion Testing).  
 
Chemical resistance 
Chemical resistance is the ability of the coating materials to resist damage by chemical reactivity from 
cleaning agents. In general, a coating that is not adequately resistant against cleaning agents suffers 
degradation of the aesthetics as well as corrosion. This functionality is particularly important for those 
products that are likely to encounter cleaning chemicals on a frequent (daily) basis, e.g. products supplied 
to hotels and the wider hospitality sector. This procedure is based on testing products with cleaning agents 
normally used at home, using the FB WI reference standard WI 10-020-0175 (Chemical compatibility: drop 
and immersion testing).  
 
Colour and cosmetic surface appearance (aesthetics) 
For sanitary products, it is critical that the coating process ensures that the production of all parts, 
independent of production date or plating line, all result with the same appearance and colour. The 
required colour of a metallic chrome layer is typically brilliant silver with a hint of blue. Uniformity of colour 
is of particular importance, not only for the purposes of assembling different components to make the 
finished product, but also to ensure the colour of finished products is identical to other products likely to 
be used in the same kitchen or bathroom environment. In addition, colour matching is crucial over the 
lifetime of the products; the colour must remain stable under normal light and use conditions. This ensures 
colour-matched parts, products and add-ons are available for replacement, e.g. additional shower-head in 
an existing shower system, or a replacement diverter valve etc.   
 
After finishing, all parts are subject to detailed inspection for surface defects, based on the extensive 
consumer-based standards.  This is necessary to ensure that customers receive the best quality products 
possible to meet their expectations. This is one of the most important functionalities for Perrin & Rowe, 
given the positioning of its products at the luxury end of the market.  
 
The product surface is classified according to the tolerance of defects, based on areas of various visibility 
by the customer. Defects in surfaces that are immediately noticeable to the customer, such as the top and 
front face of taps and mixers, require more stringent quality control than areas underneath that are much 
less visible. Colour and cosmetic attributes are evaluated through use of the FB WI test procedure WI 02-
005 (Cosmetic Inspection Requirements).  
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Thickness 
The thickness of the chromium layer has been determined, through extensive field use by customers, to be 
a critical attribute for longevity and customer satisfaction. This attribute is measured and evaluated through 
the use of the FB WI test procedure WI 10-020-0055.  
 
Thermal cycle resistance 
Thermal cycle resistance refers to a product’s resistance to temperature changes and heat, which has to be 
high to withstand demanding conditions the products are exposed to in kitchen and bathroom 
environments. Thermal cycle resistance is evaluated through use of the FB WI test procedure WI 10-020-
0190.  
 
Sunlight / UV resistance 
Ultraviolet (UV) resistance seeks to ensure that a product’s coating is sufficiently robust to withstand 
natural (sunlight) and artificial UV radiation. Long-term sunlight / UV exposure can cause degradation 
resulting in cracks and blistering of the coating. UV resistance is evaluated through the FB WI test procedure 
WI 10-20-193.  
 
Longevity  
The customers of Perrin & Rowe’s sanitary ware expect the product to maintain both its appearance and 
its performance for a considerable number of years of field use. P&R's sanitary ware is warranted for 10 
years of residential use. If the chromium top layer has insufficient performance characteristics to maintain 
both the appearance and performance attributes expected by the customers, then this will result in 
detrimental effects on the brand and the business.  
 
Whilst the measure of longevity is a qualitative rather than quantitative assessment, the measurement of 
longevity is essentially included in all of the above-mentioned key functionalities. Corrosion resistance, 
chemical resistance, adhesion, temperature and UV resistance, thickness and colour and cosmetic surface 
appearance are all aspects of longevity and are measured using the standards described above.  
 
 
3.4.2. Regulatory requirements 
 
In addition to the above, Perrin & Rowe must also meet regulatory requirements relevant to each of the 
markets which the business supplies. While this includes non-UK markets such as the EU, US, Canada and 
Australia, the following information focuses on UK requirements to illustrate just this part of the regulatory 
backdrop against which Perrin & Rowe operates. 
 
The Water Fittings Regulations 
The principal legislation relating to water supply installations in the UK is the Water Supply (Water Fittings) 
Regulations 1999 for England and Wales, the Water Supply (Water Fittings) (Scotland) Bylaws 2014 for 
Scotland, and the Water Supply (Water Fittings) Regulations (Northern Ireland) 2009 for Northern Ireland. 
Collectively, these are known as the Water Fittings Regulations.  
 
The Regulations set requirements for the design, installation and maintenance of plumbing systems and 
water fittings in England and Wales. They are enforced by water companies in their respective areas of 
supply. The Regulations’ objectives include contamination prevention and water conservation. Water 
systems and fittings in premises that are, or will be, connected to public water suppliers must comply with 
the Regulations. The legal duties are placed on all users, owners or occupiers of premises and anyone who 
installs plumbing systems or water fittings and water-using appliances in them. Water suppliers are 
responsible for the enforcement of the Regulations.  
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The Water Regulations Approval Scheme (WRAS) was established in support of the aims and objectives of 
the Water Fittings Regulations. WRAS is an independent UK certification body for plumbing products and 
materials, to help businesses and consumers choose compliant products that keep water safe. Its approval 
and listing scheme has become the byword for product approvals in the UK plumbing world. A WRAS-
approved product helps demonstrate compliance with the Water Fittings Regulations (although the product 
must still be installed and operated correctly).  
 
To enable a product to be certified to meet with the requirements of the Water Fittings Regulations, it must 
be mechanically tested to the relevant standards. UKAS-accredited mechanical test facilities in the UK 
include KIWA Ltd (Watertec Trading Division) and NSF International.  
 
All materials used in applicable products must meet with the requirements of BS 6920 (Suitability of non-
metallic materials and products for use in contact with water intended for human consumption, with 
regards to their effect on the quality of the water). In particular, all non-metallic materials which come into 
contact with water intended for domestic use must conform to the requirements of BS 6920. This includes 
several tests which assess the suitably of non-metallic materials to ensure they do not impart odour or 
flavour, cause a change in appearance (colour or turbidity), promote microbial growth or leach substances 
(including toxic metals) harmful to human health. Test facilities in the UK accredited to carry out BS 6920 
testing include Intertek, The Water Quality Centre (WQC) and NSF International. Once fully tested the 
plumbing fittings can be certified in the UK by either WRAS or KIWA Watertec. The certificates of both 
organisations each state that the plumbing fitting complies with the requirements of the Water Supply 
(Water Fittings) Regulations.  
 
All UK water suppliers will accept the installation of products certified by WRAS or KIWA Watertec. Perrin 
& Rowe have an extensive range of their UK products tested, certified and listed by KIWA Watertec. 
 
The Water Quality Regulations 
The quality of drinking water in the UK is governed by the Water Supply (Water Quality) Regulations 2016 
in England, the Water Supply (Water Quality) Regulations (Wales) 2018 in Wales, the Public Water Supplies 
(Scotland) Regulations 2014 in Scotland, and the Water Supply (Water Quality) Regulations (Northern 
Ireland) 2017. These Regulations implemented the requirements of Council Directive 98/83/EC on the 
quality of water intended for human consumption, which forms part of retained EU law in the UK.  The 
legislation is enforced by the Drinking Water Inspectorate (DWI) in England and Wales, the Drinking Water 
Quality Regulator (DWQR) in Scotland and the Drinking Water Inspectorate (DWI) in Northern Ireland. 
 
The legislation aims to protect human health against harmful effects which could originate from 
contaminants in water designated for human consumption, and to ensure it is pure and suitable for 
consumption. It imposes a duty on water suppliers to supply “wholesome” water. ‘Wholesome’ water is 
water supplied for drinking, washing, cooking or food production that does not contain any element, 
organism or substance at a concentration that would be detrimental to public health (whether on its own 
or in conjunction with anything else), and which does not exceed any concentrations or values in excess of 
parameters listed in the Regulations themselves.  
 
For Perrin & Rowe, this means that materials used in the manufacture of products that will be used in 
contact with drinking water must not negatively affect human health, or the smell and taste of drinking 
water, nor may they result in the release of substances into drinking water above acceptable concentrations 
or values. Given the manufacturing process, the chemical indicator parameters of highest interest are nickel 
and chrome. Under the Regulations, the concentration of nickel in drinking water (e.g. caused by Ni 
migration) must not exceed the threshold value of 20 μg/l and the total chromium concentration in drinking 
water (e.g. caused by chrome leaching) must not exceed 50 μg/l.  
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In this section, the identified potential alternatives are therefore assessed in terms of their technical 
feasibility, economic feasibility, potential for risk reduction and availability. 
 
Category A alternatives are assessed in detail using a quantitative approach and based on testing 
undertaken by FB WI’s R&D department for Perrin & Rowe. Category B alternatives are assessed using a 
qualitative approach that focuses on technical feasibility in the first instance and, if found to have critical 
technical weaknesses which means some of the key functionalities are not fulfilled, economic feasibility 
and other considerations are not then assessed in detail. This is in line with the approach suggested in the 
ECHA guidance on authorisation14 and aims to ensure a proportionate approach is taken to the AoA. As 
none of the potential alternatives are currently suitable, Category C alternatives are also assessed. These 
represent ‘managerial options’ which would permit the cessation of the use of Cr(VI) in GB by Perrin & 
Rowe. 
 
A potential alternative process or technology must fulfil all key functionalities for sanitary applications to 
ensure quality, regulatory and customer needs before it can be considered a suitable alternative for 
chromium trioxide in functional chrome plating with decorative character.  
 
 

5.1. Trivalent chromium electroplating 
 
Based on Perrin & Rowe’s research and data available for the alternatives to Cr(VI)-based plating, it was 
concluded that the first priority development will focus on trivalent chromium (Cr(III)) as the most viable 
solution to substitution of hexavalent chromium, despite many challenges to scale up the manufacturing of 
Cr(III)-based processes. Transitioning from hexavalent Cr(VI)-based electroplating to trivalent Cr(III)-based 
electroplating involves similar equipment and technology. However, this transition is not as simple as 
changing the chemistry in the electroplating tanks. The transition to this process would require considerable 
additional R&D efforts to better understand process parameters and interactions and determine ways in 
which they might be modified to create an alternative that would be able to meet customer requirements. 
This would entail several years of R&D effort and labour as well as a high number of process trials and 
considerable expense in parts and materials. If a suitable process could be developed, then additional 
project phases would be needed to industrialise the process and phase-out the use of chromium trioxide. 
This is explored further in the Substitution Plan.  
 
This part of the report examines potential alternatives based on both chromium sulphate and chromium 
chloride processes together, because these alternatives are sufficiently related.  
 
 
5.1.1. Substance identity, properties and process description 
 
Electroplating with trivalent chromium electrolytes is similar to the hexavalent chromium process in that it 
will result in the deposition of a metallic chrome coating on the surface of the substrate. The substrate will 
be immersed in a Cr(III) plating solution (the electrolyte) containing dissolved Cr(III) salts, typically with 
additives such as ammonium salts as complexing agents and boric acid or borate salts as buffering agents. 
During electroplating, the dissolved Cr(III) cations are reduced to metallic chrome and the coating builds up 
on the substrate by electrodeposition.  
 
The composition of the Cr(III) electrolyte can differ and the choice will depend on the surface treatment 
and application which is to be substituted. This section of the report considers two potential alternatives, 
namely , a chloride-based alternative, and , a sulphate-based alternative. It 

 
14 ECHA, 2021, p45 and p81 
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Figure 15: Summary results tables for the 16hr chemical resistance test – hexavalent and trivalent chromium 
variations 

Test Site Rating

1 Lysol Toilet Bowl cleaner 2

5 Clean Shower 3

12 Drano Max Clog Remover 3

13 Clorox Clean Up 3

17 HCl (Hydrochloric Acid) (0.1 M) 1

18 H3PO4 (Phosphoric Acid) (0.1 M) 3

19 NH4OH (Ammonium Hydroxide) (0.1 M) 3

20 NaHCO3 (Sodium Bicarbonate) (0.2 M) 3

30 Olive oil 3

25 FeCl3 (Ferric Chloride) (1.0 M) 1

mild degradation

serious degradation

very mild degradation

serious degradation. 

very mild degradation 

very mild degradation 

very mild degradation 

Chloride Trichrome Cr(III) Unsealed
Solution # Comments

serious degradation

mild degradation 

mild degradation 

Test Site Rating

1 Lysol Toilet Bowl cleaner 1

11 Scrubbing Bubbles 3

12 Drano Max Clog Remover 3

13 Clorox Clean Up 3

14 Sodium Hydroxide 1.0M (pH=14) 3

15 Sodium Hydroxide 6.0M 3

16 citric acid  1.0 M 3

17 HCl (Hydrochloric Acid) (0.1 M) 2

20 NaHCO3 (Sodium Bicarbonate) (0.2 M) 3

23 NaOCl (Sodium Hypochlorite) (6%) 1

24 CH3CH(OH)CH3 (Isopropyl Alcohol) (70%) 3

25 FeCl3 (Ferric Chloride) (1.0 M) 1

27 Triton 100X  100% 3

34 Tilex Soap Scum Remover 3

very mild degradation

serious degradation

very mild degradation

mild degradation

very mild degradation

very mild degradation 

moderate degradation 

very mild degradation 

serious degradation 

serious degradation

very mild degradation

very mild degradation 

mild degradation

very mild degradation

Sulphate Trichrome Cr(III) Unsealed
Solution # Comments

Test Site Rating

1 Lysol Toilet Bowl cleaner 1

3 Ecolab Oasis 297(32oz/gal) 3

12 Drano Max Clog Remover 3

13 Clorox Clean Up 2

15 Sodium Hydroxide 6.0M 3

17 HCl (Hydrochloric Acid) (0.1 M) 1

23 NaOCl (Sodium Hypochlorite) (6%) 3

25 FeCl3 (Ferric Chloride) (1.0 M) 1

34 Tilex Soap Scum Remover 3 very mild degradation

moderate degradation

very mild degradation

serious degradation 

mild degradation 

serious degradation

Solution # Comments

serious degradation

very mild degradation

mild degradation 

Sulphate Trichrome Cr(III) Sealed
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Figure 20: Thermal cycle test results – Micrograph photo comparing hexavalent and sulphate trivalent 
chrome processes – no cracks observed 
 

 
Figure 21: Thermal cycle test results – Micrograph photo of chloride trivalent chrome processes – cracking 
observed 
 
For Figure 21 (showing the results of the testing on the chloride trivalent alternative), the “Before Test” 
photo shows a micro-cracking pattern demonstrated by the chloride trivalent chromium plating system.  
The “After Test” photo shows a similar pattern, but with more extensive cracking. Additional investigation 
into the plating structure of the chloride trivalent chromium system is on-going to determine if there is a 
relationship between the inherent micro-cracking in this system and the corrosion failures that were 
reported in earlier sections of this report. 
 
In summary, the thermal cycle resistance of the two tested coatings using alternative, trivalent chrome 
electroplating was inconclusive, but showed a tendency on the part of one of the trivalent chromium 
systems (chloride) to be weaker in this testing. 
 
 
 

         
Hexavalent Chrome               Sulphate Trichrome Cr(III) 

Chloride Trichrome Cr(III)      ---- Thermal cycle test (100X)
 BEFORE TEST AFTER  TEST
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The production of sanitary ware using Cr(III)-based electroplating can be achieved but would produce 
products with significant quality deficiencies compared with Perrin & Rowe’s current products based on 
Cr(VI) technology. 
 
 
5.1.3. Economic feasibility 
 
A switch to Cr(III)-based electroplating would have significant impacts in terms of capital (development and 
upgrade) costs and ongoing manufacturing (operating) costs. These costs are considered further in this 
section. However, due to the significant reduction in quality associated with Cr(III)-based products, Perrin 
& Rowe would expect the major costs of switching to this alternative to be associated with lower sales 
revenues and market share.  
 
Despite the technical feasibility issues, there are some potential benefits associated with Cr(III)-based 
processes compared to Cr(VI)-based processes15. The throwing power of Cr(III) plating is generally better, 
meaning that more parts can be placed on jigs simultaneously increasing throughput on that task by up to 
15%. With regard to worker and environmental protection, Cr(III) processes result in fewer air emissions, 
due to higher cathodic efficiency, which also means that a PFAS mist suppressant is unlikely to be required. 
In addition, as a typical Cr(III) plating bath has a lower chromium concentration, there is likely to be less 
total chromium in the wastewater stream and, since the wastewater will contain Cr(III) cations, no 
reduction step from Cr(VI) to Cr(III) is necessary. This will result in reduced costs for handling and disposal 
of hazardous waste.  
 
Conversely, as Cr(III) processes involve organic complexing agents and stabilisers, these substances are 
likely to pose additional complications for wastewater treatment and could prompt additional wastewater 
treatment measures, such as oxidative destruction of the organic components. In addition, despite the 
increased throwing power, the benefits of higher throughput are cancelled out entirely by the longer plating 
duration required for Cr(III) processes. Air emission reduction advantages are desirable but will have little 
added value in practice because Perrin & Rowe already has worker protection and pollution control 
measures in place, such as local exhaust ventilation (LEV) and a scrubber.  
 
Capital costs have been estimated at approximately £2 million (excluding development costs). These would 
be associated not only with wastewater treatment upgrades but also the installation of an entirely new 
plating line and building extension. Currently there is not enough physical space at Perrin & Rowe’s 
Wolverhampton site to upgrade the existing plating line to accommodate the additional baths required for 
Cr(III) plating, post-plating passivation and the additional rinsing required. In any event, a new line would 
be required so that it could operate in parallel with the existing Cr(VI) line to ensure continuous production 
and allow for a phased transition between Cr(VI) and Cr(III) processes. As there is no other available location 
to install a new plating line at the Wolverhampton facility, a building extension will be required to create 
the room to house it.  
 
Table 19 below provides an overview of the upgrades that are likely to be required to the plating line and 
other equipment to accommodate a change to Cr(III)-based electroplating.  
 
 
 
 

 
15 NEWMOA, 2003, p7-9. 
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sensitisation. The substance evaluation also identified a data gap for reproductive toxicity and suggested 
this can be addressed in a grouping approach, recommending that ECHA request further testing (an 
extended one-generation reproductive toxicity study and a developmental toxicity study). At the time of 
writing, it is not clear how ECHA might respond to this substance evaluation. It is possible that chromium 
(III) sulphate and chromium (III) chloride have the potential to meet the criteria of ‘equivalent level of 
concern’ under Article 57(f) of REACH due to skin sensitisation although currently no regulatory action is 
proposed in relation to them.  
 
Recent research has indicated that there is the potential for Cr(VI) generation during the Cr(III) plating 
process19. This is because trivalent chromium may be oxidized by hydrogen peroxide (generated by oxygen 
reduction or deliberately added to the coating environment), forming hexavalent chromium. The fluorides 
present in the bath (usually added to accelerate film growth and native oxide dissolution) are thought to 
be responsible for promoting hydrogen peroxide formation, subsequently oxidizing Cr(III) to Cr(VI).  
 
The manufacturing process for chromium (III) salts most commonly originates from chromite. To obtain the 
chromium from this mineral, the most widely used method involves an alkaline process which transforms 
the Cr(III) into water-soluble Cr(VI) in alkaline solution which is then separated20. Cr(III) salts can then be 
prepared by the reduction of sodium dichromate with sulphur dioxide. For chromium (III) sulphate, this 
reaction can be represented as follows: 
 

Na2Cr2O7 + 3 SO2 + H2O → Cr2(SO4)3 + 2 NaOH 
 
Here, sodium dichromate would be used as an intermediate and so would not be subject to authorisation 
under REACH, with the increased focus on risk management measures this gives rise to (although it is 
possible that it might be handled under strictly controlled conditions if registered as an intermediate). This 
means that an increased demand for Cr(III) alternatives might result in risk reduction for the users (such as 
Perrin & Rowe) but would result in increased health risks elsewhere in the supply chain, although it is 
acknowledged that this might occur outside the UK. Alternative processes for manufacturing Cr(III) salts are 
available but not feasible for Perrin & Rowe’s applications due to the presence of Fe ions in the electrolyte 
and the unacceptable effects this would have on colour variations in the finished product.   
 
Use of Cr(III)-based processes would also involve use of boric acid at significant concentrations as part of 
the bath chemistry (see Appendix 3 for further details). Boric acid is classified under CLP as toxic to 
reproduction category 1B and is itself a substance of very high concern (SVHC) under both UK REACH and 
EU REACH. It was recommended for inclusion in Annex XIV of EU REACH in the sixth recommendation round. 
It does not currently appear on the list of substances recommended for inclusion in Annex XIV of UK REACH 
although in light of its status as a SVHC and the previous recommendation for authorisation made at a time 
where the UK was part of the EU, this substance cannot be ruled out for future regulatory action under UK 
REACH. 
 
Whether the use of boric acid for Cr(III)-based electroplating ‘adds’ to the risks is a matter of some debate, 
in that boric acid is already used for Cr(VI)-based electroplating. This is not as part of achieving the 
chromium finish, but as part of earlier processing steps during nickel electroplating (as outlined earlier in 
this report and with further details given in Appendix 1). However, it is true to say that Cr(III)-based 
electroplating would increase the quantity of boric acid to be used and, on this basis, would not contribute 
to overall risk reduction.  
 

 
19 Gharbi et al, 2018 
20 Zang et al, 2016. 



TCL Manufacturing Ltd (Perrin & Rowe) Analysis of Alternatives & Socio-Economic Analysis 

 
 

72 
 

The passivation step required with Cr(III)-based electroplating requires the use of potassium permanganate. 
This substance does not currently meet the criteria under Article 57 of REACH to be designated a SVHC but 
nevertheless is classified for reproductive toxicity (category 2) and environmental toxicity (classified for 
both acute aquatic toxicity and chronic aquatic toxicity, category 1). A recent assessment of regulatory 
needs (ARN) by ECHA concluded that there is a need for further EU regulatory risk management21, 
suggesting a combination of restriction and authorisation following a potential redesignation of the 
substance’s classification as toxic to reproduction 1B.  
 
Finally, the various additives and complexing agents present in the Cr(III) electrolyte may affect how the 
wastewater treatment functions and reduce the efficiency of the water treatment. This aspect is not fully 
understood yet but would require additional investigation prior to the use of these electrolytes. 
 
In summary, while it would appear at present that substitution of Cr(VI)-based electroplating processes 
with Cr(III)-based electroplating processes would, on balance, lead to an overall reduction in risk, the 
reduction is not as significant as may be first thought. In addition, it is based on existing knowledge and 
further investigation through substance evaluation may identify additional concerns surrounding 
reproductive toxicity and skin sensitisation. Additionally, if substitution were to reduce risks in one part of 
the supply chain, it would drive them up in another, which does not lead to an overall reduced risk across 
the supply chain (even if it does for that part of it that is regulated by UK REACH authorisation 
requirements).  
 
 
5.1.5. Availability  
 
Cr(III) electroplating technology (in terms of the chemicals and equipment required) is available on the 
market and, as such, Cr(III) alternatives can be regarded as available.  
 
 
5.1.6. Conclusions  
 
Significant efforts have been made and are still on-going to determine if trivalent chrome Cr(III) 
electroplating is a viable alternative to hexavalent chrome Cr(VI) electroplating.  
 
Major deficiencies that have been observed in the physical test performance of the trivalent chrome parts 
demonstrate that it is not currently a suitable alternative to hexavalent chrome electroplating.  
Furthermore, the significant differences in colour and appearance reinforce the belief that simply switching 
the electroplating to a trivalent chrome process is not viable today in the sanitary ware sector and cannot 
be regarded as a ‘drop-in’ alternative.  
 
This is important to understand but perhaps not so readily understandable to the layperson; after all, both 
Cr(VI) and Cr(III) processes result in the deposition of chrome onto a substrate, so it is reasonable to ask 
what is giving rise to the differences. This is because Cr(VI) and Cr(III) electroplating processes not only 
utilise different plating chemistries but the metallic layers deposited from each process are different in 
composition. 
 
Cr(VI) solutions deposit a very consistent metallic layer.  The bulk composition of the layer is approximately 
90% chromium, with the balance being oxygen.  The surface of the chromium naturally converts very quickly 
to chromium oxide.  This creates a very stable coating layer (see Figure 23).  

 
21 ECHA Assessment of regulatory needs (7 December 2021), available at https://echa.europa.eu/documents/10162/630768d3-fdcd-fe11-7e76-
9c2ce137318b  
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5.2.2. Technical feasibility  
 
From an aesthetic point of view, the application of a lacquer coating on top of the Cr(III) coating is visually 
less appealing to the customer. Customers have stated that a lacquer coating on top of chromium imparts 
a "plastic-coated" appearance which they consider to be of lower quality, simply from the changed 
appearance.  This would seriously impact customer acceptance of this alternative. Adjusting the thickness 
or gloss levels of the coating can have minor improvements but cannot correct the negative appearance. In 
addition, applying a clear coating as the final coating can greatly reduce the tactile metallic feel of the 
product. Customers typically perceive this lack of metallic feel with lower quality products, which would be 
detrimental to a high-end brand. 
 
The corrosion resistance of the Cr(III) could be enhanced by a lacquer top coating.  The characteristics of 
the top coating would need to be closely matched to the Cr(III) coating to be successfully applied.  
 
In the CTAC consultation, test results of lacquer coatings (though in relation to PVD coatings rather than 
Cr(III)-based coatings) were not consistent. Some of the tested coatings clearly failed the continuous 
immersion test in household cleaning agents, while other results showed that both continuous immersion 
tests as well as cleaning agent spray tests with household cleaning agents were passed. In general, the final 
lacquer defines the functionality of the overall coating and is the reason for the varying test results. No final 
overall conclusion can be made at this stage, but inconsistent performance is clearly not sufficient and 
processes with consistent and reproducible performance need to be developed. 
 
The major problem with all lacquer-PVD-lacquer coating systems is that the final lacquer layers are generally 
not as hard as metallic chrome coatings obtained from chromium trioxide electroplating, and the lower 
hardness is the reason for the overall failure of the abrasion resistance tests.  A lack of abrasion resistance 
is particularly problematic in the hotel and wider hospitality sector. 
 
The typical lifetime for a FB WI sanitary ware product is often longer than 10 years, which means that long-
term quality is a key customer expectation and a core feature of the Perrin & Rowe brand. Combining 
appearance and tactile issues with reduced abrasion resistance issues indicates that the quality of lacquer 
coated Cr(III) sanitary ware cannot be guaranteed for the long-term.   
 
The above means that trivalent chromium + lacquer coatings are not sufficiently able to provide all the 
required functionalities and therefore do not currently represent a technically feasible alternative. 
However, additional investigation into these alternatives may be warranted in the future. 
 
 
5.2.3. Economic feasibility 
 
This potential alternative involves applying a lacquer top-coat onto a trivalent chromium-based coating. 
This means that all the economic feasibility considerations concerning capital expenditure and operational 
costs outlined in the section above on trivalent chromium-based alternatives also apply to this alternative.  
 
In addition, applying a lacquer top-coat would involve an additional process step after plating. A new 
spraying line would need to be installed independent of the electroplating line. Perrin & Rowe has not 
explored the cost of the equipment that would be required with any potential suppliers, although it is 
estimated that the likely capital cost of installing the lacquer coating technology would be in excess of 
£400,000, taking into account the need for a coating booth, dryer, positive charge room, extraction system 
etc. Perrin & Rowe also estimates that it would result in an additional 10-15% increase in component costs.  
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5.2.4. Risk reduction 
 
As this alternative involves the use of trivalent chrome electroplating before applying a lacquer top-coat, 
the same considerations as to risk reduction that have already been explored in the context of Cr(III)-based 
alternatives above also apply here.  
 
In addition, the risks associated with the lacquer technology would need to be considered. There are a wide 
range of lacquers potentially available and so, at this stage, it is not possible to provide details of any specific 
types in order to explore the associated hazards and risks. However, lacquers that offer the best 
performance as regards corrosion, chemical and scratch resistance are likely to contain hazardous 
substances, including volatile organic compounds.  
 
In particular, two-pack (or “2K”) systems that involve the use of a lacquer and a hardener will likely contain 
isocyanates, which are potent respiratory sensitisers. Isocyanates have been said to be the leading cause 
of occupational asthma in the western world22 and it is well-documented that spraying coatings containing 
isocyanates puts workers undertaking such activities at up to 80 times greater risk of developing asthma23. 
Isocyanates have recently become subject to restriction under UK REACH and, given their classification as 
respiratory sensitisers, they have the potential to meet the criteria of ‘equivalent level of concern’ under 
Article 57(f) of REACH. If the lacquer top-coat needed to be applied manually, this would increase exposure 
although Perrin & Rowe would try to automate wherever possible to reduce exposure. 
 
 
5.2.5. Availability  
 
Use of a trivalent chromium + lacquer solution would require substantial R&D effort and does not represent 
an ‘off-the-shelf’ technology. A bespoke system would have to be developed. This alternative cannot yet 
be considered as available.  
 
 
5.2.6. Conclusions 
 
At this point in time, trivalent chromium + lacquer does not represent a technically or economically feasible 
alternative. It also does not guarantee risk reduction unless a lacquer can be found that does not involve 
substances such as isocyanates, which is not guaranteed given that the top-coat would need to exhibit high 
levels of corrosion and chemical resistance and be hard-wearing. The technology also cannot be considered 
as being available and significant R&D effort would be required to develop this potential solution further.  
 
 

5.3. PVD Chromium 
 
5.3.1. Substance identity, properties and process description 
 
Physical vapour deposition (PVD) refers to a variety of vacuum-based processes. The coating material will 
be in a solid (or rarely in a liquid) form and is placed in a vacuum or low-pressure plasma environment. The 
coating material is vaporised by an electric arc or electron beam and deposited onto the surface of the 
substrate in order to build up a thin film. Nitrogen, oxygen or methane are used as gases while argon is 
used for the formation of the plasma phase24.  

 
22 HSE, 2001, p43. 
23 HSE, 2009, p16. 
24 TURI, 2006 
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Vaporizing of the coating material may be conducted by one of the following methods: 
 
• Ion-assisted deposition/ion plating: This is a combined method as a film is deposited on the substrate 

while ion plating bombards the deposited film with energetic particles. The energetic particles may 
be the same material as the deposited film, or may be a different inert (argon) or reactive (nitrogen) 
gas. Ion beam assisted deposition (IBAD) describes a process in a vacuum environment where the 
ions originate from an ion gun; 

 
• Sputtering: This process is a non-thermal vaporization where the surface atoms on the source 

material are physically ejected from the solid surface by the transfer of momentum from bombarding 
particles. Typically, the particle is a gaseous ion accelerated from low pressure plasma or from an ion 
gun; 

 
• Low temperature arc vapour deposition (LTAVD): This is a low temperature PVD-based technique 

applying metal coatings at ambient temperatures. The parts to be coated are placed in the vacuum 
chamber and spun around the metallic source of the coating (the cathode). By applying a vacuum to 
the chamber, a low-voltage arc is created on the metallic source and the metal is evaporated from 
the arc at temperatures of around 100°C. 

 

          
 
Figure 25: Example of a decorative batch PVD coater utilising the LTAVD process (source: 
westcoastpvd.com) 
 
The conditions for PVD coatings are process-specific and dependent on the substrate and applied coating. 
PVD coating temperatures are typically in the range between 180°C to 450°C, but processes with lower (for 
example LTAVD) and even higher temperatures are also available. The coating time depends on a number 
of factors, such as coating thickness, spinning time of the part in the vacuum chamber, and the geometry 
of the part to be coated. The PVD coating time for metal substrates is typically in the range between 1.5 to 
2 hours. In general, the throughput of parts depends on the size of the vacuum chamber and the geometry 
of the parts. 
 
PVD coatings, which are directly applied on the substrate, require an atomically clean surface because they 
are highly sensitive to contaminants (e.g. water, oils and paints) on the surface to be coated. Inadequate or 
non-uniform ion bombardment leads to weak and porous coatings and is the most common failure in PVD 
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coating. In most cases, ion bombardment during coating is responsible for a high internal stress. This stress 
accelerates with increasing coating thickness and can lead to delamination of the coating. As a 
consequence, PVD layers are optimally applied with a thickness of about 1-3 μm (in rare cases about 15 
μm). 
 
PVD coating materials include titanium nitride, titanium-aluminium nitride, zirconium nitride, chromium 
nitride, chromium carbide, silicon carbide, titanium carbide, and tungsten carbide.  
 
For these purposes, PVD coating using chromium nitride (CrN) is considered, as this yields a similar colour 
to that obtained by Cr(VI)-based electroplating. Other coating materials are not considered because these 
would not yield the same colour as Cr(VI)-based coatings.  
 
 
5.3.2. Technical feasibility  
 
From an aesthetics perspective, the colour and brightness levels of PVD Chromium is closely compatible to 
Cr(VI). 
 
PVD coatings, by nature of the physics of the deposition mechanism, have columnar structures.  This results 
in microporosity through the coating layer, which can allow electrolytic corrosive action to proceed below 
the PVD layer. To prevent this, PVD processes currently in use in the sanitary ware sector utilise a Cr(VI) 
electroplated layer underneath the PVD layer. The Cr(VI) layer provides the necessary corrosion and 
chemical resistance for the total coating system.  
 
PVD metal coatings are currently not a stand-alone coating technique and, for the key functionalities such 
as corrosion resistance and chemical resistance, large technical efforts will be necessary to develop a PVD 
coating or a coating system potentially able to meet the requirements for high-end sanitary ware which 
does not rely on a combination of Cr(VI) and PVD. Concerns regarding corrosion resistance are reported in 
various publications25 and other similar applications for authorisation under EU REACH, including 
consultations reported by the CTACSub, where PVD-based processes have been assessed for their potential 
to act as an alternative for conventional chromium trioxide electroplating. According to the CTAC 
consultation, coatings tested with different methods have shown that the chemical resistance of PVD-based 
coatings is highly dependent on the kind of coating and the coating system (including the supporting layer). 
Currently only a Cr(VI)-based supporting layer can provide this kind of resistance. 
 
The CTACSub also found issues with the abrasion resistance of PVD metal coatings. While the low hardness 
of the PVD coating is considered not to be the reason for abrasion problems, it is potentially the high layer 
thickness of the coating that increases internal stress. Comparative tests on PVD chrome with coatings from 
chromium trioxide (Cr(VI) electroplating showed that PVD chrome with a 0.5μm coating has a strong 
tendency to damage at the edges under mechanical stress, although the tendency was reported to be much 
smaller for PVD chrome with a 0.25μm coating.  
 
At the current stage of development, PVD-based metal coatings are not sufficiently able to provide all the 
required functionalities and therefore do not represent a technically feasible alternative. They are a more 
promising potential alternative and so additional investigation into these alternatives may be possible in 
the future. 
 
 
 

 
25 Müller et al., 2020, p39 
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5.3.3. Economic feasibility 
 
Given the technical limitations of PVD-based processes, no detailed quantitative analysis of economic 
feasibility has been conducted. However, indications from the CTACSub consultation stated that the 
operational costs for PVD-metal coatings (as an additional coating on top of a chromium trioxide 
electroplated metallic chrome coating) are up to 50% higher compared to electroplating using chromium 
trioxide. Further factors are that, at the current stage, full automation is not possible and due to the 
complexity of PVD based systems, maintenance costs would be very high. 
 
In any event, the capital (development and upgrade) costs associated with setting up a PVD-based 
production line at Perrin & Rowe of an adequate size to guarantee sufficient throughput would be very high 
and likely prohibitive. Compared to a traditional electroplating line, at least two PVD coating lines would be 
necessary to realize the same throughput of parts. The CTACSub consultation found that the cost for the 
installation of one PVD coating line is estimated to be about 1 million Euros (approximately £833,000), 
resulting in investment costs (only for the PVD coating) of at least 2 million Euros (approximately 
£1,666,000).  
 
In addition to investment costs, the PVD vacuum chamber must have a sufficient size for the respective 
parts and accommodate the complexity of the parts. In general, the need of a vacuum chamber limits the 
size and the type of parts that can be coated. PVD operates on a ‘line-of-sight’ basis and so is not suitable 
for complex geometries and larger parts. The complexity and size of the parts to be coated with PVD has to 
be taken into account when planning the vacuum-based process. 
 
On top of the capital and operating costs, there are the additional costs that would be associated with the 
expected loss of sales and market share arising from a switch to a product that did not meet all the key 
technical functionalities and so would be regarded as inferior. As described in relation to Cr(III)-based 
electroplating alternatives, the availability of Cr(VI) plated products on the market that have been 
manufactured outside Great Britain means that any reduction in the quality of Perrin & Rowe’s products 
would be met with a switch by customers to imported products. Perrin & Rowe could not attempt to lower 
its price point to be competitive because of the higher costs associated with running PVD-based processes.  
 
In conclusion, PVD-based metal coating does not represent an economically feasible alternative for Perrin 
& Rowe at the present time.  
 
 
5.3.4. Risk reduction 
 
Based on notifications to the classification and labelling inventory under EU CLP, chromium nitride (EC no. 
246-016-3) is not regarded as hazardous. In addition, PVD is mainly a closed-system process, reducing the 
potential for exposure, although exposure to chromium nitride and other chemicals would remain possible 
during the degreasing phase and during maintenance. This means that moving from chromium trioxide to 
PVD chromium coating can be seen as a move to less hazardous substances. 
 
However, as has been demonstrated above in relation to Cr(III)-based electroplating alternatives, increased 
use of CrN would result in higher risks elsewhere in the supply chain. CrN is commonly manufactured via a 
route using sodium dichromate which again would be used as an intermediate and not subject to 
authorisation under REACH. As such, the use of CrN does not exclude the use of Cr(VI) compounds in the 
supply chain and therefore is unlikely to result in an overall reduction in risk within that supply chain, 
although it is acknowledged that the entire supply chain may not be subject to UK REACH. 
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5.3.5. Availability  
 
It is not yet clear whether PVD chromium alternatives are sufficiently available. R&D is still ongoing, as PVD-
based alternatives do represent a potential alternative to chromium trioxide electroplating at the current 
stage of development, albeit not as promising as Cr(III)-based electroplating.  
 
In cases where PVD is used in the sanitary ware sector, it is combined with a Cr(VI)-based sub-layer because 
PVD coatings are not currently capable of being used as a stand-alone technique. In general, the availability 
of sufficient PVD equipment in the short-term to cover Perrin & Rowe’s coating capacity is not guaranteed, 
as it may be the case that a number of requests would be made at the same time by others in a similar 
position. In addition, the PVD coating technique is generally limited to smaller parts (dependent on the size 
of the vacuum chamber) and limited geometries (avoiding complex shapes).  
 
 
5.3.6. Conclusions 
 
At the current stage of development, PVD chromium does not represent a technically feasible nor 
economically feasible alternative. While the risks to the user are likely to be reduced by this technology, 
the risks in the overall supply chain are unlikely to be reduced, and availability of the technology is not yet 
clear. Significant R&D effort would be required to develop this potential solution further and this is not 
regarded as a current priority over Cr(III)-based electroplating alternatives.   
 
 

5.4. ‘Managerial’ options 
 
The alternatives assessed in this section describe various scenarios that would result in Perrin & Rowe 
ceasing the use of chromium trioxide in GB by the end of the transition period under UK REACH, but without 
replacing current electroplating processes with an alternative process / technology.  
 
5.4.1. Description of scenarios 
 
There is currently no suitable ‘drop-in’ alternative process or technology for chromium trioxide 
electroplating. Faced with the prospect of having to cease use of chromium trioxide by the end of June 
2022, Perrin & Rowe has therefore explored the following alternative options: 
 
• Option 1: Ending the production of all products that require the use of chromium trioxide. In this 

scenario, Perrin & Rowe would cease to manufacture and supply chrome-plated products but would 
attempt to continue to manufacture and supply products in GB with other finishes. 

 
• Option 2: Outsourcing production of products that require the use of chromium trioxide. In this 

scenario, Perrin & Rowe would continue to supply chrome-plated products, but the company would 
no longer electroplate the products itself in GB. Instead, electroplating would be outsourced to a 
third-party based outside the UK and the EEA, given that chromium trioxide is also subject to 
authorisation under EU REACH. In developing this option, Perrin & Rowe has considered the two 
following sub-scenarios:  

 
o Option 2a: Manufacture brass components in GB, then send the components to the third party 

for Cr(VI)-based electroplating, then send back the plated products to be assembled and 
finished in GB. This is a highly unlikely scenario given the high shipping costs and complexities 
with logistics, meaning that Option 2b is far more realistic.  
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o Option 2b: Manufacturing and electroplating of brass components is undertaken entirely by 

the third party and the plated products are sent to Perrin & Rowe to be assembled and finished 
in GB.  

 
In Options 2a and 2b, it is possible that a range of third parties might be required, depending on the 
components to be plated and the capacity and capabilities of the third parties involved. 

 
• Option 3: Relocation of production to enable continued use of chromium trioxide. In this scenario, 

Perrin & Rowe would relocate its manufacturing operation (partly or completely) to a non-UK and 
non-EEA country. This would involve establishing the company in another territory and setting up a 
new production site.  

 
These options are considered in further detail in the socio-economic analysis (see section 6.3.2).  
 
 
5.4.2. Technical feasibility  
 
All three options described above are technically feasible, in that there are no specific technical issues that 
would prevent them from being achieved, although they would be challenging. The activities to be 
undertaken would involve, depending on the option selected, redundancy of employees, disposal of 
saleable assets (plant and equipment, inventory and ultimately the site itself), demolition of plant and 
buildings, disposal of waste, site remediation, new site acquisition and set up. Perrin & Rowe would ensure 
these steps are taken observing relevant employment and environmental law. 
 
 
5.4.3. Economic feasibility 
 
Perrin & Rowe has considered and prepared outline plans for each of the three options identified above. 
However, Perrin & Rowe does not currently outsource production, nor is it established in any country other 
than the UK. This means there is no simple option to switch production to another facility; it would require 
many months, if not years, to outsource or relocate chromium plating activities. 
 
The market for sanitary ware is highly diversified and competitive and Perrin & Rowe has limited ability to 
influence trends for brassware in kitchens and bathrooms. Perrin & Rowe does not expect to be able to 
offset the loss in chrome-plated products and revenue by continued production of products with different 
types of finishes. It is therefore expected that Perrin & Rowe would suffer a substantial downturn in 
turnover and profit relating to loss of production and sales of chrome-plated parts until such time the 
activity could be fully outsourced.  Job losses would be inevitable with any of the scenarios. 
 
In addition, were manufacturing to be outsourced or production moved outside the UK, this would 
effectively destroy the company’s current unique selling proposition. The Perrin & Rowe brand is ‘Perrin & 
Rowe, Mayfair, London’ and the Perrin & Rowe promise includes ‘a commitment to UK manufacturing’. The 
brand is strongly associated with being ‘Crafted’ or ‘Made in Britain’ and ‘Made to last, with quality and 
integrity’. Perrin & Rowe is recognised as a luxury consumer brand in the US and Australia and recognised 
as a luxury trade brand in the UK with all marketing efforts internally focused on emerging as a luxury 
consumer brand. While the value of Perrin & Rowe’s market identity as ‘the height of British craftmanship’ 
is difficult to measure, it contributes strongly to market appeal in countries such as the US and Australia. It 
is reasonable to expect that moving manufacturing away from the UK would have a significant negative 
impact on the brand that would adversely affect future sales and revenue. 
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Outsourcing or moving production would also create a need to ship a large volume of products back to the 
UK for sale. Current shipping times mean that products are likely to be in transit for up to 16 weeks, i.e. 
revenue and profit is effectively tied up over this period, and costs associated with shipping and customs 
duties would be incurred. Other costs would potentially be associated with damage in transit, quality 
management issues and warehousing. 
 
For the above reasons, none of the three options would be considered as being a suitable alternative for 
Perrin & Rowe. Economic feasibility is considered further in the socio-economic analysis (SEA) below, in 
terms of discussion of the non-use scenario (NUS). 
 
 
5.4.4. Risk reduction 
 
All of the options above would result in ceasing the use of chromium trioxide in GB with no replacement by 
alternative processes or technologies. In this sense, these potential alternatives would certainly reduce risks 
(to zero).  
 
However, if Options 2 or 3 were followed, then this would simply transfer the risk elsewhere. Admittedly 
this would be to a non-GB location not covered by UK REACH and so therefore not of direct concern to any 
UK regulatory authority. However, the UK’s performance on health and safety ranks favourably across the 
EU26 and the EU itself compares favourably to safety standards across the rest of the world27. This means 
that switching production to a non-UK and non-EEA country may well result in poorer standards of worker 
protection and consequently higher exposure to chromium trioxide by workers and non-workers in the 
vicinity of the production site, with higher levels of ill-health that could be expected as a result. 
 
 
5.4.5. Availability  
 
There is no restriction on Perrin & Rowe’s ability to cease its use of chromium trioxide after June 2022 in 
pursuit of one of the above three options and so, in this sense, these alternatives can be considered as 
available. However, options associated with outsourcing or relocating could not be achieved immediately 
and there would be a delay of many months, likely years, before supply could recommence.  
 
 
5.4.6. Conclusions  
 
The managerial options under discussion do not present attractive alternatives to Perrin & Rowe. However, 
given the lack of any suitable ‘drop-in’ alternative processes / technologies at the present time, Perrin & 
Rowe will need to consider one of these options as its chosen alternative for the purposes of the NUS should 
authorisation not be granted. This is explored further in the SEA.  
 
 

5.5. Conclusions on shortlisted alternatives 
 
From a technical perspective, none of the alternative technologies or processes can be implemented in the 
short-term. Any potential alternative must sufficiently fulfil every key functionality to achieve a high-quality 
surface which is suitable for the conditions of use. These alternatives would also entail high capital and 
operating costs and so are not currently considered economically feasible. Not all alternatives can be 

 
26 HSE, 2021. 
27 United Nations Global Compact, 2021, p5. 
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considered to be available and, for those that are, there is an argument that they might lead to risk 
reduction in some respects but the arguments are balanced against risks being transferred elsewhere in the 
supply chain or the introduction of new risks associated with alternatives.  
 
Trivalent chrome-based electroplating is considered to be the most promising alternative but will take many 
years to develop further. The investigation and testing by Perrin & Rowe / FB WI has shown that Cr(III)-
coated products are not currently a technically viable alternative to Cr(VI) electroplating for several reasons. 
In particular, the appearance of articles produced with Cr(III) present aesthetic problems due to a darker,  
yellowish / brownish hue of the coating. This can be caused both by iron ions incorporated into the metallic 
chrome deposition from bath constituents, as well as other impurities entering the Cr(III) process chemistry. 
This darker, yellower appearance does not meet the high aesthetic standards required by customers. Cr(III) 
also presents critical problems with regards to corrosion and chemical resistance. The testing did not meet 
the necessary requirements, showing a generally significantly lower chemical and corrosion resistance than 
coatings derived from Cr(VI) based electroplating technology. This means that Cr(III) coated parts for 
sanitary ware do not meet longevity expectations which would be especially problematic with long-term, 
high-quality, high-use applications, for example in hotels or other hospitality settings.    
 
 
 

6. Socio-economic analysis 
 

6.1. Continued use scenario 
 
6.1.1. Summary of substitution activities  
 
If authorisation is granted, Perrin & Rowe will continue existing efforts in searching for a suitable alternative 
to Cr(VI)-based electroplating. These activities are described in detail in the substitution plan, along with 
associated timescales, complexities and uncertainties. 
 
 
6.1.2. Conclusion on suitability of available alternatives in general  
 
Following the judgment of the General Court in the lead chromates pigments case28, businesses applying 
for authorisation for the continued use of a substance where there is a suitable alternative generally 
available (SAGA) are expected to submit a substitution plan. Despite the UK having since left the European 
Union (EU), the European Union (Withdrawal) Act 2018 provides that relevant cases of the Court of Justice 
of the European Union (CJEU) form part of retained EU law in the UK. This means that UK courts and 
tribunals should still refer to pre-exit CJEU case law, unless the senior courts decide to depart from pre-Exit 
CJEU case law or retained EU law is modified.  
 
Based on Perrin & Rowe’s analysis, the current Cr(III) technology is not a SAGA, i.e. not just for the applicant 
but for all other applicants. This, and all other alternative technologies and processes considered in the 
AoA, currently fail because they are not technically and economically feasible. Cr(III) plating technology 
does exist and in one sense could be adopted by any manufacturer – in this sense, it is ‘generally available’. 
However, very few electroplaters do actually use it due to its clear economic and technical deficiencies 
compared with established customer requirements. In particular, Perrin & Rowe is not aware of any other 

 
28 EU General Court judgment of 7 March 2019 in Case T-837/16, Sweden v. Commission, upheld on appeal in the EU European Court of Justice 
judgment of 25 February 2021 in Case C-389/19 P, Commission v. Sweden 
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producers of sanitary ware for the luxury end of the market that use Cr(III)-based processes, where 
customers will more readily notice and move away from inferior alternatives. 
 
The mere existence of an alternative on the market which anyone could use does not indicate that the 
alternative meets the definition of ‘generally available’. There must be some evidence that the alternative 
is in some sense in general use. This interpretation is supported in law. The concept of SAGA originates from 
judgement T837-16 of the General Court in 2019 (the lead pigments case). Paragraph 73 of that judgement 
states, “As may be inferred from the phrase ‘economically and technically viable’, the meaning of the word 
‘suitable’ is not limited to the existence of an alternative in abstracto or in laboratory conditions or under 
conditions which are only of an exceptional nature. The word ‘suitable’ relates to the ‘availability’ of 
alternative substances and technologies which are technically and economically feasible in the European 
Union.” In other words, for it to be demonstrated that an alternative is technically and economically feasible 
in GB, it must be in use in GB, and that use must not be exceptional, i.e. it must be reasonably common or 
widespread. This interpretation is also consistent with the latest ECHA template for compiling an AoA, SEA 
and SP, where the instructions state that alternatives which are generally available in the EU must be ‘used 
by competitors’. 
 
 
6.1.3. Substitution plan / R&D plan 
 
As there is currently no SAGA for Cr(VI) in the chrome-plating of sanitary ware in GB (or indeed, across the 
EU) a substitution plan is not legally required. Nevertheless, Perrin & Rowe has developed a substitution 
plan because it remains the intention to substitute the use of chromium trioxide with a suitable alternative 
if possible. Perrin & Rowe will therefore continue to commit time and resources to research and 
development (R&D) into alternatives. These efforts currently centre on trivalent chromium processes 
initially, in an attempt to address their current performance weaknesses. It is hoped that the issues with 
trivalent chromium-based alternatives can be resolved in the future although at this point in time this is far 
from clear and not guaranteed. 
 
The substitution plan contains details of the R&D and other activities foreseen and their associated 
timescales, challenges and uncertainties. This plan forms a separate report to this combined AoA-SEA.  
 
 

6.2. Risks associated with continued use 
 
Chromium trioxide has been identified as a substance of very high concern (SVHC) under Article 57(a) and 
(b) of REACH and included on Annex XIV of REACH due to its carcinogenicity and mutagenicity.  For this 
reason, the risk associated with continuous use of chromium trioxide focuses on human health. The risk to 
the environment is not required for the authorisation of chromium trioxide, although releases to and fate 
in the environment are relevant for the assessment of human exposure via the environment.  
 
The SEA assesses the health impacts attributable to the ongoing use of chromium trioxide in line with the 
scope of the applied for authorisation (i.e. considering the applied for use and review period).  Such impacts 
are compared to the situation in the non-use scenario (NUS). Impacts beyond the UK are not strictly within 
the scope of this assessment, though the implications are considered where relevant for context and 
completeness. 
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The range of values presented predominantly reflects uncertainty in the VSL and the discount rate applied 
during the assessment. 
 
The impact assessment likely over-estimates exposure considering, for example, the assessment assumes 
10,000 people are exposed to calculated chromium (VI) concentrations 100m from the stack. In practice, 
concentrations will diminish with distance so the average concentration will be far lower. Also, the ECHA 
dose response relationship assumes no threshold for effects.  However, the ETeSS study41 on which it was 
based states that “…the lower the exposure (certainly below 1µg/m3), the more likely it is that the linear 
[dose-response] relationship overestimates the cancer risk”. The study further states that “the risk estimates 
for … exposures lower than 1 µg Cr(VI)/m3 might well greatly overestimate the real cancer risks. It is also 
considered that at progressively lower Cr(VI) air concentrations (from about 0.1 µg/m3 downwards), cancer 
risks may be negligible”. The calculated air concentration 100m from the point source is 1.39E-06 µg/m3 
and thus more than 7000 times lower than the concentration at which cancer risks may be negligible. 
Similarly, the majority of worker exposures are lower than 0.1 µg/m3. 
 
Finally, it is relevant and important to note that in the event of a refused authorisation, other manufacturers 
will quickly meet the demand relating to the removal of Perrin & Rowe products from the market based on 
their own chromium trioxide based plating processes. Therefore, the outcome of a refused authorisation 
will be the transfer of production and associated risk to one or more competitor facilities, within or beyond 
the UK.   
 
 

6.3. Non-use scenario 
 
The non-use scenario (NUS) is defined as what Perrin & Rowe will do, and what will happen more generally, 
if an authorisation is refused and Perrin & Rowe must stop using chromium trioxide. 
 
6.3.1. Summary of the consequences of non-use 
 
This section aims to summarise what would happen if an authorisation were not granted.  
 
In case the authorisation is not granted, the impacts for Perrin & Rowe will be substantial.  Social impacts 
local to the Wolverhampton site will also be notable, with knock-on impacts expected at Perrin & Rowe’s 
facility in Rainham, Essex.  Broadly, impacts to customers might be judged short-term and of limited 
severity; due to an established and diverse supply base of chrome plated brassware for bathrooms and 
kitchens, it will be possible to obtain brassware of some description. However, it will result in significant 
inconvenience to existing Perrin & Rowe customers who will no longer be able to source spares. This will 
be an issue, for example, in the hospitality sector, especially when Perrin & Rowe products have been 
selected for use across facilities. As architect and designer luxury aspirations are not easily met and the 
direct competition to Perrin & Rowe is limited, alternatives from beyond the UK or EU are unlikely to be 
available. Existing Perrin & Rowe inventory that can no longer be supported with aftercare will need to be 
repurposed. The impact for the Australia market is particularly significant.  Several UK OEMs will need to 
find alternative suppliers of fittings, likely beyond the UK.  
 
Various competitors to Perrin & Rowe have already secured or are in the process of securing authorisations 
to continue to use chromium trioxide to produce chrome plated brassware or are not subject to REACH 
authorisation because chromium plating is carried out outside the UK and EU. Such suppliers will be ready 
and delighted to rapidly move into any gap in the luxury market for taps and mixers left by Perrin & Rowe. 

 
41 ETeSS, 2013.  
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Separately, there will be an impact of a non-authorisation decision on the UK manufacturing and surface 
plating industry which should not be overlooked. 
 
Impacts at Perrin & Rowe 
If the authorisation is refused, chromium plating at the Wolverhampton site will need to stop at the date 
of the decision (estimated to be the end of 2023).  Perrin & Rowe will not be able to produce products 
plated with chromium trioxide from the Wolverhampton site and has no other facility to produce these 
parts. Alternative technologies, as they are currently available, would result in unacceptable denigration of 
product quality and a loss of performance that would not be acceptable to the existing market considering 
the continued availability of existing competitive products (see section 2.2.5). Switching to an alternative 
technology at this time would result in a complete loss in market share and likely irreversible damage to 
the Perrin & Rowe brand. For this reason, substitution with an alternative to chromium trioxide is not a 
short-term option. 
 
Furthermore, simply ceasing to market chrome products is not a realistic option. Considering the market is 
highly diversified and competitive, that chrome plated products will continue to be available (discussed 
below and elsewhere), and that Perrin & Rowe has very limited ability to influence trends for brassware in 
kitchens and bathrooms, it is not expected that Perrin & Rowe will be able to shift production to different 
types of finish to offset the loss in chrome products sales or revenue. A much narrower product portfolio 
than competitors is expected to result in loss of standing and share in the market. 
 
For this reason, Perrin & Rowe would seek to continue to provide chrome plated product until such time 
acceptable alternatives were available. However, as Perrin & Rowe does not currently operate plating 
beyond the UK or outsource production, either within or beyond the UK, there is no simple option to 
transfer production to another facility; it would require many months to identify and implement an 
alternative arrangement. For example, it is expected to take at least 12 to 16 months to find a suitable 
supplier and considerably further time to onboard and qualify such a supplier. Even if such planning started 
in mid-2023, it is expected it would not be possible to start to outsource chromium plating activities before 
the end of 2025. 
 
It is therefore expected, in this scenario, that Perrin & Rowe would suffer a substantial downturn in turnover 
and profit relating to loss of production and sales of chrome plated parts from the time of a negative 
authorisation decision (estimated to be 31 December 2023) until such time the activity could be fully 
outsourced.  The inability to manufacture chromium product in house will directly impact the ability to 
innovate, launch new products and react to market trends; slower and more expensive time to market 
means less effective new product launches. 
 
Market share would plummet. Perrin & Rowe would need to pull out of certain markets where the lower 
volume sales immediately mean costs are not covered. Substantial job losses to stem costs would be 
inevitable. As such, inevitably ceasing plating will not only impact plating processes but will influence FBHS’s 
strategy for overall operations. Potentially all manufacturing would be moved from the UK, except services 
related functions. 
 
The financial feasibility of a larger part of the Perrin & Rowe operations in the UK would likely be at risk 
following a refused authorisation. Chromium trioxide plated brassware accounts for  (public range 25-
50%) of revenue and  (public range 25-50%) of gross margin (profit) at Perrin & Rowe.  (public 
range 50-70%) of Perrin & Rowe’s revenue and profit from finished products currently depends directly on 
chrome plating. There are also a number of ancillary products such as ‘roughs’ (the internal wall fixtures 
required for installation) attached to chrome products which would result in additional lost sales. The 
business may not be able to bear the loss of this income alone over several months. Loss of further sales in 
the short term due to the reduced product range on offer and additional costs associated with mitigating 
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the situation (e.g. outsourcing) would further exacerbate the situation in the short term. A reduction in 
sales at this scale in the longer term would almost certainly be unsustainable. 
 
In summary, closure of the chrome plating line at Wolverhampton would be a substantial event for the 
business and one that cannot be easily mitigated. As a minimum there will be a hiatus while the business 
assesses options and shifts to adapt, and then a further period to introduce new operating model, if such a 
model is feasible at all. It is highly improbable that without a means of providing chrome plated parts the 
operation would be sustainable. It can by no means be ruled out that more substantial impacts, such as 
closure of the facility, would follow a refused authorisation.   
 
Impacts in the Community 
82 people are employed at Perrin & Rowe’s Wolverhampton site, 19 of whom have responsibilities directly 
related to chrome plating activities. 
 
Activities at the Perrin & Rowe facility in Rainham, Essex include design, prototyping, tool making, 
machining, assembly, logistics and support functions such as sales, customer service, HR, IT and Accounts. 
65 people are employed at the Perrin & Rowe facility in Rainham, Essex, 49 of whom work directly with 
chrome plated products from Wolverhampton as part of their day-to-day activities. A third Perrin & Rowe 
site at Tamworth produces sanitary ware (ceramics) only and so is not expected to be substantially affected 
by a non-authorisation decision, although profits relating to brassware sales will be impacted.  
 
In a best-case scenario, Perrin & Rowe estimates redundancies could be limited to 57 out of 147 employees 
across the Wolverhampton and Rainham sites in the event of a refused authorisation. The likelihood is, as 
noted elsewhere, that such limited impact at Perrin & Rowe is unsustainable and the entire Wolverhampton 
site closes, resulting in up to 82 redundancies.  
 
Perrin & Rowe takes on and trains apprentices in brassware manufacture every year.  In a best case, fewer 
such apprentice opportunities would be available. In a worst case, the scheme would stop. 
 
Impacts at Suppliers 
Perrin & Rowe purchases brass bar/billet, chemicals and precious metals to support the plating process as 
well as dedicated components from suppliers across the world. UK suppliers account for 35% of supplies by 
value.  It is expected that a refused authorisation would impact the extended supplier base. Global suppliers 
will be able to tolerate the loss of Perrin & Rowe as a customer.  However, business would be significantly 
impacted for several small local suppliers for whom Perrin & Rowe represents a significant percentage of 
turnover.  
 
Impacts at the Customer 
Perrin & Rowe supplies to domestic, hospitality and OEM markets. Perrin & Rowe is positioned in the upper 
end of the luxury segment of the market. It has an estimated 2% share of this luxury market segment in the 
UK and 1% share in the EU and the rest of the world. It exports approximately  (public range 50-70%) 
of its overall production to over 50 countries worldwide.   
 
Perrin & Rowe’s competitors in the luxury price segment of the market are in countries including Germany, 
the Netherlands, Italy and the UK. Many of these competitors in the EU either have their own REACH 
authorisations (Hansgrohe and Grohe) or applications for authorisation pending (e.g. Dornbracht and Gessi) 
for the use of chromium trioxide under EU REACH. Other competitors have manufacturing bases outside 
the UK and EU; their plating activities are not subject to REACH authorisation meaning they can continue 
to manufacture chromium plated brassware and export to the UK, European and global market in the long 
term without regulatory impediment. In short, there is a substantial, mature supply base for chromium 
plated brassware in the UK and global markets.   
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In case Perrin & Rowe stops manufacturing chromium-plated brassware, the availability of chrome plated 
parts to the UK market will fundamentally undermine attempts to introduce alternatives with lower 
technical performance and/or price points. It is expected that existing competitors, most likely with an 
established manufacturing bases outside the UK (since it must be expected other UK manufacturers would 
be similarly affected by a refused authorisation), would quickly seek to take over the position left by Perrin 
& Rowe in this highly desirable and valuable niche market.  
 
The Perrin & Rowe promise includes ‘a commitment to UK manufacturing’. The Perrin & Rowe brand is in 
fact ‘Perrin & Rowe, Mayfair, London’.  The Perrin & Rowe brand is strongly associated with being ‘Crafted’ 
or ‘Made in Britain’ and ‘Made to last, with quality and integrity’. Perrin & Rowe is recognised as a luxury 
consumer brand in the US and Australia and recognised as a luxury trade brand in the UK with all marketing 
efforts internally focused on emerging as a luxury consumer brand. While the value of Perrin & Rowe’s 
market identity as ‘the height of British craftmanship’ is difficult to measure, Perrin & Rowe believes it 
contributes strongly to market appeal in countries such as the US and Australia. Moving manufacture from 
the UK would thus have a significant material impact on the brand that would affect revenue. A sharp and 
significant impact on sales would be expected to accompany a loss in connection to UK manufacturing. It is 
expected that even on completion of outsourcing of manufacture of chromium products, the Australian 
market will not be recoverable and at least 20% (internal estimate) sales across all other geographies will 
be permanently lost.  
 
Perrin & Rowe also supplies to certain OEMs such as  who market products under their 
own brand. These OEMs will need to identify alternative suppliers within or beyond the UK.  
 
Impacts for UK Manufacturing Industry 
Perrin & Rowe is one of the largest brassware manufacturers of kitchen and bathroom products in the UK, 
operating from its three UK manufacturing facilities (Wolverhampton, Rainham and Tamworth). Other 
kitchen and bathroom brassware manufacturers in the UK include Samuel Heath, Pegler, Vado and Bristan. 
A decision not to support chromium plating in the UK in the sanitary sector may have a substantial impact 
for UK manufacturing. Indeed, it is the UK Government’s ambition to promote and achieve a competitive 
advantage on the global stage in UK-made, high-end products42.  
 
Perrin & Rowe is internationally accredited to BS EN ISO 9001, WRAS, National Sanitation Foundation (NSF), 
International Association of Plumbing & Mechanical Officials (IAPMO), Canadian Standards Association 
(CSA), Public Utilities Board (PUB), California Department of Health Services (DHS) and Water Quality 
Association (WQA) Gold Seal. The standards are important in terms of effectively communication 
information about Perrin & Rowe brand commitment quality to customers.  
 
Perrin & Rowe has invested substantially in the last 3 years to stay at the forefront of engineering relating 
to domestic and commercial water supply and sanitation, investing £1.3M in new equipment.  The business 
has invested in environmental improvements, including an upgraded effluent management facility (£250K), 
driving significant reductions in power and water consumption and waste generation.  
 
Perrin & Rowe is committed to maintaining skills and training to ensure that product produced in years to 
come is as good if not better than the product that is being built today. Some roles that would be impacted 
by a refused authorisation are very skilled (e.g. polishers) and in demand. Loss of plating for any period 
would result in a loss of skills from Perrin & Rowe that would be difficult to reverse. Training of individuals 
with a similar level of skills can take upwards of 2 years. 
 

 
42 HM Government, 2022, at p58.  
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6.3.2. Identification of plausible non-use scenarios  
 
Considering the likely impacts and associated market responses, the most likely non-use scenarios (NUS) 
are as follows: 
 

A. Ceasing production of chrome plated parts. 
B. Outsourcing of chrome plating (or all plating) to third parties. 
C. Outsourcing of production of chrome plated parts to third parties. 
D. Relocation of Perrin & Rowe manufacturing operations (partly or completely) to outside the UK. 

 
These NUS are explored further below. 
 

A. Ceasing production of chrome plated parts -Shutdown (partly or complete) 
In this ‘do nothing’ scenario, Perrin & Rowe would cease to produce and market chrome plated products 
immediately. This would result in a substantial loss of revenue and profit considering  (public range 
50-70%) of Perrin & Rowe’s revenue and profit from finished products currently depends directly on chrome 
plating. This may under-estimate the impact. For example, there is one major distributor in Australia and 
one major distributor in New Zealand. Both customers are expected to cease buying Perrin & Rowe 
completely if it could not offer complete product ranges. 
 
It might be possible to focus on increasing sales on other product lines slightly in the short term, but Perrin 
& Rowe will not buck market trends and compensate for the loss in chrome plated product sales. As 
demonstrated in the Analysis of Alternatives, it will not be possible to replace the chrome plated products 
with a similar finish and quality for at least 10 years from 2022.   
 
Total fixed costs would have to be spread across a lower volume of non-chrome related parts, resulting in 
higher product prices that may not be accepted. It is possible that the remaining business would not be 
viable in this situation, considering not only the loss of revenue and profit but the substantially diminished 
and compromised product portfolio compared to others in the market. Perrin & Rowe estimates that the 
fixed cost allocation issue would lead to unit cost increases of approximately  (public range 10-25%) on 
remaining products (exacerbating inflationary issues that industry is currently experiencing in raw 
materials) and which could not be passed on to customers without sacrificing price competitiveness, and 
thus market share. 
 
Perrin & Rowe will be unable to supply colour matched spares or legacy parts to existing clients going 
forward.   
 
The Wolverhampton and Rainham facilities would have at least substantially reduced activity once 
production of chrome plated parts ceased. The partial or complete closure of operations would result in 
foregone profits due to loss of production and a series of redundancies. 
 
In the long term, not before 2033, assuming Perrin & Rowe can sustain operations and R&D activities and 
that such ongoing R&D efforts are maintained and successful in the intervening period, it may be possible 
to introduce a replacement for chrome plate.  
 

B. Outsourcing chrome plating (or all plating) to third parties 
In this NUS, Perrin & Rowe would establish external contracts with one or more third parties to carry out 
chrome plating. This NUS assumes parts to be plated would be shipped to a low cost third party for chrome 
plating and then shipped back to the UK for finishing, assembly, and distribution. Preliminary assessment 
indicates that the additional costs associated with shipping the parts to and from the third-party plater are 
in the region of  (public range £0.5M to £1M) per annum. The diverse range of products and low 
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batch quantities to be plated mean plating costs would increase, even if the cost base is lower. This would 
be further to a range of associated costs relating to qualification and accreditation of outsourced processes.  
Increased supply chain risks also suggest outsourcing chrome plating is a much riskier strategy. Noting the 
discussion above, the increase in unit cost would not be tolerated by the market. Implications for branding 
the finished goods as made in the UK will need to be re-evaluated. 
 
Thus, this NUS is not considered further. 
 

C. Outsourcing production of chrome plated parts to third parties 
In this NUS, Perrin & Rowe would establish external contracts with one or more third parties to produce 
and plate chrome plated parts. The chrome plated parts would then be shipped to the UK for finishing, 
assembly, and distribution. This NUS starts with the assumption that non-plating activities and non-chrome 
finished product would continue to be manufactured at the existing Perrin & Rowe facility in the UK. 
However, the detail of the scenario would need to be clarified during detailed planning.  
 
Several significant challenges in this NUS need to be successfully addressed, as discussed below.   
 
Qualified, willing, low-cost suppliers must be identified. Perrin & Rowe has no existing relationship with 
third party platers so will need to start the process from the beginning. A third-party supplier in Asia might 
be most cost competitive and avoid concerns regarding future continuity of supply related to REACH 
authorisation. However, this also presents risks and challenges for supply chain and quality control that 
need to be managed.  
 
Supplier selection is not straightforward. The large number of SKUs (8,000-9,000) in Perrin & Rowe’s 
portfolio, the range and complexity of the products, the relatively small lot sizes, and the high expectations 
on quality on all components may affect supplier interest. Selected third-party suppliers must be able to 
deliver Perrin & Rowe’s exacting quality standards, including the various formal management systems and 
accreditations (e.g. BS EN ISO 9001, WRAS, NSF, IAPMO, CSA, PUB, California DHS and WQA Gold Seal) 
currently operated by Perrin & Rowe.  Further efforts are needed to understand how to deliver high 
standards of quality assurance. Additional effort will be needed to ensure suppliers maintain compliance, 
especially given the multiple brass types for different regions, and the increasing amount of regulation 
being seen within the industry, all of which impacts on the cost, complexity and timescales associated with 
bringing compliant products to market. 
 
Based on previous experience within FBHS, the cost of outsourced parts is expected to be at least the same 
as those produced in-house (at a COGS level). All manufacturers are subject to the same commodity price 
inputs, and whilst labour costs may be lower in some countries they represent a relatively small proportion 
of the overall product cost and are likely to be offset by increased shipping and compliance costs, and the 
supplier’s own margin. 
 
Clearly there will be substantial additional financial and environmental costs associated with out-sourcing 
plating. They include: 
 

- Minimum Order Quantities (MOQs) could make the option economically unviable.    
- The complexity of Perrin & Rowe’s products, relatively small lot sizes and high expectations on 

performance across a wide range (8,000-9,000) of components may affect minimum unit costs.  
- New tools and components will be required. Qualification costs for tools and components are 

expected to be in the order of  (public range £1,000-£3,000) per component/tool.   
- Additional costs relating to transportation, damage in transit, import duties and customs 

complications (e.g., clearance, duties). 
- Additional costs relating to packaging and logistics. 
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- Additional warehousing to facilitate extra stock movements and mitigate supply risks. MOQ impact 
on inventory would require Perrin & Rowe to store parts externally to maintain supply to the 
market.  

- Restructuring of the UK business, including job losses. 
- Additional efforts relating to rebranding and marketing. 
- Additional environmental impacts, including resource use and wastage (additional packaging, 

energy required to transport materials to and from plating operation) and, it can be assumed in the 
near term, CO2 emissions (transportation).    

 
There will be a significant period of non-operation associated with the NUS because: 
 

- It will take time to identify and contract a supplier. 
- It is likely to take several months  to qualify each 

component and tooling in accordance with relevant worldwide certification requirements, with 
8,000-9,000 components in total. Perrin & Rowe has no prior experience in such an exercise, so it 
is not clear how it could be expedited. It would need to survey all affected components, determine 
which international standards applied to each component, and then determine whether a change 
in the nature of the plating process triggers a requirement to recertify, whether fully or partially, 
and in which markets. Then Perrin & Rowe would need to establish a well-resourced project team 
to undertake the recertification(s) in association with one (or more) external agencies. 

- Increasing production prior to end of 2023 to build up a stock to bridge a period of non-production 
in 2024 and 2025 is not possible. Perrin & Rowe does not have the production capacity to build for 
stock, neither does it have the capacity to house increased inventory. Further, Perrin & Rowe’s 
supplier would not be able to support with this short-lived demand. The bespoke nature of Perrin 
& Rowe’s products means that any inventory is likely to be customer specific, and thus difficult to 
forecast, running the risk of high value stock write-offs in this scenario. 

 
As noted above, in this NUS Perrin & Rowe will lose control on quality, supply and delivery.  Outsourcing 
represents a major change in Perrin & Rowe’s brand and operating model. Outsourcing a major part of the 
portfolio is particularly relevant given current geopolitical instability and pressure on global supply chains. 
In a best-case scenario, there will be substantially increased lead times associated with shipping to and from 
Asia (12 weeks) and work in progress at the supplier (24 weeks). Delays or issues at suppliers or during 
transit will introduce additional costs and may affect the Perrin & Rowe brand.  Container availability is a 
major issue and container costs have increased 10-fold in the last two years. As noted above, forecasting is 
challenging in this complex market with multiple stakeholders, with best in class forecast accuracy around 
the 50% mark. An extended supply chain makes forecasting more complex, leading to increased inventory 
costs that would lead to increased product price and reduced service, neither of which are acceptable to 
customers in this market. 
 
The NUS is not consistent with the ‘Made in Britain’ brand identity and positioning of Perrin & Rowe. Perrin 
& Rowe may need to re-work the narrative around the brand, and this will involve effort and significant 
cost. Nonetheless, overall, the response from the market is likely to be negative. Negative market reaction 
is expected to lead to reduction in customers and orders. This may be particularly significant in markets 
such as North America and Australia where the brand marketing strategy (Perrin & Rowe describes itself as 
“The English Tapware Company”) is entirely based and predicated on its UK provenance. 
 
The lack of plating volume remaining in the UK may force the decision to outsource plating of all remaining 
(non-chrome) product, which could affect the availability of lower volume (high margin) finishes such as 
bronze, aged and satin brass, gold, and satin gold. MOQs at a third-party supplier would likely be greater 
than required for the expected sales volumes in certain markets, causing a disconnect between input costs 
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and the associated achievable revenues. For example, DZR (dezincified brass) may not be feasible due to 
MOQ issues even if brand positioning could be mitigated.   
 
As noted approximately 50% to 60% of Perrin & Rowe’s revenue and profit from plated products depends 
directly on the production of chrome parts, so outsourcing may not be a viable long-term option considering 
the additional costs and risks associated with maintaining business as usual in this scenario.  However, this 
is currently considered the likely NUS in the context of this assessment because the other options are even 
less tenable.  
 

D. Relocation of Perrin & Rowe manufacturing operations (partly or complete) to outside the UK 
In this NUS, Perrin & Rowe would relocate its manufacturing operations beyond the UK and likely beyond 
the EU until such time an alternative to chromium plating acceptable to the market was available. Partly or 
wholly relocating operations would involve a substantial increase in capital and operating costs that would 
be prohibitive in both the short and longer financial perspective.   
 
Relocation options would need to be assessed in detail and relocation planned carefully. Costs associated 
with relocation would include fitting out and hiring at the new sites, relocation of production assets relevant 
to both chrome and non-chrome plated parts (it is likely that some older assets would need to be replaced), 
establishment of required logistics and warehouses, contracting with suppliers, requalification with 
customers, employee training and quality control. To support sales levels and customer commitments, the 
duplication of equipment (plating line) would be the most likely outcome. 
 
This NUS directly contradicts the ‘Made in Britain’ brand identity of Perrin & Rowe. Any option that 
challenges this key message that products are intrinsically linked to UK Craftmanship and production is 
likely to lead to significant reduction in customers and ability to operate in the luxury segment of the 
market. 
 
Following partial relocation, the Wolverhampton and Rainham facilities would have at least substantially 
reduced activity. The closure of the site comes along with foregone profits due to loss of production and a 
series of job losses (social impacts). 
 
Taking this together, relocation in / beyond Europe is not considered viable because the costs (expected 
£10million+) and timescales associated with relocation, including establishing a new facility, closing or 
partly closing the Wolverhampton facility, and obtaining new certifications and accreditation would be 
prohibitive. The implications in terms of cost are more severe than outsourcing production of chrome 
plated parts to third parties. Perhaps even more significantly, this scenario completely invalidates Perrin & 
Rowe’s existing brand, placing the entire business premise at risk. 
 
 
6.3.3. Conclusion on the most likely non-use scenario 
 
A decision not to authorise the use of chromium trioxide would have direct and indirect impacts.  In a worst 
case, such a refusal could mean Perrin & Rowe is uncompetitive and forced to exit the market entirely in 
the near or medium term. For the purpose of this application for authorisation, it is assumed that this is not 
the case, and that the temporary outsourcing of a substantial proportion of Perrin & Rowe’s manufacturing 
process to a low-cost base will enable Perrin & Rowe to continue to operate until such time (estimated mid-
2032) as a viable alternative to chrome plated product acceptable to the market can be implemented.  
 
It is not possible for Perrin & Rowe to identify the specific course of action that would be taken in an attempt 
to mitigate the impact of such a decision or to precisely value these impacts (with or without such mitigating 
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6.4. Societal costs associated with non-use 
 
This section compares the economic impacts of the applied for use scenario with those for the selected 
NUS.   
 
Economic impacts are considered from the point at which a refused decision takes effect, as opposed to 
health effects which are considered from the UK transitional latest application date/sunset date and are 
discounted to the base year 2022 (date of application for authorisation) at a 4% discount rate a year.  
 
 
6.4.1. Economic impacts on Perrin & Rowe 
 
The economic impacts to Perrin & Rowe have been evaluated with reference to ECHA’s guidance on 
assessing changes in producer surplus43. It aims to assess the net effect of a refused versus granted 
authorisation considering that losses or gains at Perrin & Rowe may be partially or wholly offset by 
corresponding losses or gains by, for example, competitors. The aim is thus to disregard impacts that may 
be offset elsewhere in society from the assessment. However, it is important to recognise that, due to firm-
specific conditions and the market environment, in many cases the NUS will result in a direct transfer of 
economic and health impacts from Perrin & Rowe to competitors. In other words, the activity and 
associated impacts will simply move to a competitor within or, more likely, beyond the UK.   
 
The Net Present Value (NPV) of the avoided planning efforts and outsourcing costs as well as avoided 
foregone profits provides a measure of economic impacts if the authorisation is granted and Perrin & Rowe 
can continue to carry out the applied for use. 
 
In the NUS (i.e. if the authorisation is not granted), operations are outsourced to a low-cost base outside 
the UK (and EU). Associated profits are shifted from the UK to the new manufacturing operation, resulting 
in losses for UK economy. Since it will take at least until the end of 2025 to establish outsourcing operations, 
such losses are taken into consideration for a period of two years.   
 
ECHA’s guidance on calculating producer surplus recommends 2 years of profit losses be used for assessing 
producer surplus losses when suitable alternatives are generally available (SAGA). Under EU REACH, there 
has been extensive discussion regarding the situation regarding availability of alternatives to chromium 
trioxide in relation to functional plating with decorative character. Recent opinions by ECHA’s RAC and SEAC 
have concluded suitable alternatives are generally available. This is not an opinion shared by Perrin & Rowe, 
as demonstrated in the Analysis of Alternatives but, notwithstanding the findings of the Analysis of 
Alternatives, for this reason lost profits are thus only considered for 2 years in the assessment. However, 
Perrin & Rowe expects that it will experience significant profit losses for the entire review period. Sales will 
not return to current levels once outsourcing is complete; Perrin & Rowe will need to recover market share 
gradually after being absent from the market for 2 years. Further, there will be a significant loss in sales due 
to loss of Perrin & Rowe’s established ’Made in the UK’ brand identity.  
 
Costs to Perrin & Rowe considered in the assessment therefore include:  
 

- Profit losses resulting from a period of 2 years (2024 and 2025) without manufacture or sale of 
chrome plated parts in the event of a refused authorisation.  These profit losses would be avoided 
in the event of a granted authorisation. 

 
43 ECHA paper SEAC’s approach to assessing changes in producer surplus (September 2021, agreed at SEAC-52), available from 
https://echa.europa.eu/documents/10162/0/afa_seac_surplus-loss_seac-52_en.pdf  
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• Costs associated with project management and delivery – based on experience within FBHS, it is 

expected 5 site visits to visit potential / selected third party suppliers, each involving 10 senior team 
members, will be required. A cost of £0.75M for these visits is estimated.  It will also be necessary 
to retain professional services including local consultancy services (assumed day rate of £600 over 
an 18-month period) and legal support (assumed day rate of £2000 for 50 days) at a total estimated 
cost of £0.32M. These project management costs will be recognised between mid-2023 and end-
2025. 

• Costs associated with developing and training the outsourced supplier – Perrin & Rowe will need 
to provide samples to the selected suppliers to support product development and quality 
management. The cost of providing samples to the outsourced supplier is estimated to be £0.025M.  

• Costs associated with product certification – 8,000 to 9,000 (8,500 as average) components (SKUs) 
will need to be recertified at the outsourced manufacturer. Recertification requires testing and 
listing of the component as well as in-person audit. The process is expected to required 3-months 
per component and per market. Markets requiring certification include UK, Germany, US and 
Australia. Based on recent experience, the cost of recertification is £1.8K per unit, although it is 
assumed that for a project of this scale, a negotiated price would be achieved with a globally 
recognised company.  The overall cost is estimated to be £1.5M based on recent experience within 
the group. This cost would be recognised in 2024 and 2025. 

• Costs associated with procuring and installing new equipment – an impact of outsourcing 
manufacturing inputs is the requirement for additional storage capacity. Perrin & Rowe will need 
substantial additional storage space (discussed below) to accommodate the increased inventory of 
outsourced products, and this will need new equipment to operate. A cost of £0.5M for new 
equipment in the warehouse has been allocated, to be recognised in 2025. 

 
Additional annual costs that will recur for the duration of the outsourcing arrangement include: 
 

• Annual cost of additional warehousing – further warehouse facilities will be needed to store and 
process the outsourced inventory considering the significantly extended lead times in the 
outsourced model (12 months versus 3 months in the current model).  Costs of £1.9M per annum 
relate to an additional 50,000ft2 of rented warehouse space and associated utilities based on 2022 
rates.   

• Annual cost of additional transportation – on the assumption that the outsourced product will be 
manufactured in Asia and transported to the UK, there will be additional shipping costs. It is 
assumed there will be 50 shipments per annum.  Based on 2022 unit costs per shipment an 
estimated cost of £1.15M per annum for additional shipments will be required.   

 
Several additional annual costs have not been included in the model but are indicative of the additional 
economic burden at Perrin & Rowe. They include:  
 

• Increased inventory of stock – third party suppliers are likely to impose MOQs that will result in an 
increased inventory of components. Increased working capital (with an associated cash injection) 
is required to increase inventory due to the expectation of significantly increased lead times.  It has 
not been possible to reliably quantify this cost to the business. 

• Annual cost of marketing – significant additional efforts will be needed to redress fundamental 
changes to the brand narrative and associated collateral. It is estimated 10% of the existing annual 
advertising, sales and marketing budget will be needed, an additional cost of  (public range 
£0.25M to £0.5M) per annum. 

• Annual costs associated with managing currency risk – outsourcing manufacture overseas will 
require an additional cost of £0.06M per annum relating to increased financing costs associated 
with foreign exchange hedging of these foreign currency denominated transactions and possibly 
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also increased bank charges associated with the administration of letters of credit, or other financial 
risk management processes Perrin & Rowe may need to implement. 

• Annual cost of additional compliance and quality management – a local facility to ensure quality 
management will be required at the outsourced supplier. It has been assumed it will be possible to 
use locally established personnel in the FBHS group for this purpose. There will also be a doubling 
of costs associated with ongoing control and monitoring of compliance, considering product testing 
and approvals, at the outsourced supplier. An annual cost of £0.09M is estimated based on 
experience elsewhere in the FBHS group.  

 
As noted in section 6.3.2, Perrin & Rowe estimates that reallocation of fixed costs in this scenario would 
result in unit cost increases of approximately  (public range <25%) on remaining products. 
 
The cost of employment changes (i.e. 57 job losses at Wolverhampton and Rainham and 21 new hires in 
the warehouse) due to a refused authorisation are discussed as a societal impact in section 6.4.4 below.  
Costs associated with site closures or equipment redundancy are not considered in the NUS.  Costs 
associated with implementing an alternative are discussed in the Analysis of Alternatives. 
 
 
6.4.2. Economic impacts on the supply / value chain 
 
In 2021, the expenses for suppliers of chemicals, raw material, energy, logistics and further services in the 
UK accounted for approximately  (public range £4 million - £8 million).  (public range 25%-
50%) of overall suppliers are in the UK. In case the authorisation for the application of chromium trioxide is 
refused, it can be expected that there would be some short-term impacts relating to a loss of custom from 
Perrin & Rowe. A reduction in purchases from the supply chain in proportion to the percentage share of 
chrome products which will be outsourced ( ) (public range 25%-50%) is assumed ( ) (public range 
£1.5M to £2.5M).  
 
These impacts are not considered in the quantitative impact calculations as the scale and term of the effect 
are difficult to reliably characterise. 
 
 
6.4.3. Economic impacts on competitors 
 
In case of a refused authorisation, Perrin & Rowe will stop manufacturing chromium plated brassware and 
implement a plan to outsource this process to a low cost third party. However, this plan will take at least 
an additional 2 to 3 years to implement. It is expected that in this period existing competitors with an 
established manufacturing base outside the UK would take over the position left by Perrin & Rowe in the 
luxury taps and mixers market. The economic impact on competitors is therefore likely to be positive, 
approximately equal to the value of the lost sales suffered by Perrin & Rowe. 
 
In summary, chrome plating activities would transfer from one party to another. Considering the current 
location of competitors, the status of individual competitors with regard to the absence of regulatory 
requirements or existing approvals to carry on using chromium trioxide for chrome plating, and the absence 
of regulatory restrictions relating to the import of chrome plated parts to the UK market, it is expected that 
the majority, if not all, the activities would transfer from the UK to suppliers outside the UK. There would 
be an associated transfer of economic activity, including profit, and, importantly, risk to human health 
associated with these activities from the UK to the new supplier. 
 
These impacts are not considered in the quantitative impact calculations as they can be considered a 
transfer of costs.  However, it is important to recognise that, given that globally chrome plated products 



TCL Manufacturing Ltd (Perrin & Rowe) Analysis of Alternatives & Socio-Economic Analysis 

 
 

106 
 

will continue to be available to the UK market, a refused authorisation will simply result in a transfer of 
existing economic (and health) costs from the UK. 
 
 
6.4.4. Wider socio-economic impacts 
 
The outsourcing model foreseen in the event that authorisation is refused would force changes in 
employment at Perrin & Rowe:   
 

- 57 employees across the Wolverhampton and Rainham facilities would lose jobs when chromium 
plating is no longer carried out at the Wolverhampton site (end of 2023).  

- 21 new UK warehouse staff would be recruited and trained (end of 2025/beginning of 2026).  
- Additional redundancies cannot be discounted but are not considered in the impact assessment. 

 
Due to requirements for different skills and competencies and the period between making redundancies 
and hiring warehouse staff, retraining existing production staff to work within the new warehouse is not 
considered feasible.  Therefore, there would be 57 redundancies associated with plating operations and it 
would be necessary to separately hire warehouse staff, and this employment pattern would remain until 
an alternative to chromium trioxide could be introduced in the UK.  
 
ECHA44 and Dubourg45 set out an approach to valuing the social costs from job losses considering: 
 

- the value of lost output/wages during the period of unemployment; 
- the cost of acquiring a new job; 
- recruitment and training costs; 
- scarring costs relating to compulsory redundancy; and  
- the value of leisure time during the period of unemployment. 

 
The ECHA approach and associated UK data from the Dubourg report values the social costs at 1.88 times 
the annual gross wage including employer taxes and 2.09 times the gross annual salary excluding employer 
taxes of each worker in the UK. This is lower than the value of 2.7 recommended by ECHA and can therefore 
be considered conservative. 
 
The net unemployment figure associated with a refused authorisation is 36. This value has been used in the 
assessment of social costs.  This approach underestimates the overall social cost because not all the costs 
associated with unemployment are offset with the costs associated with employment (not least because 
there will be a 2-year period between job losses in 2023 and new hires in 2025/2026). It might be reasonable 
to assume that the net value of lost output/wages and the value of leisure time during a period 
unemployment is practically offset by a similar period of new employment and even that the cost of 
acquiring a new job is lower when a new job is created. However, recruitment, training and scarring costs 
will not be offset. These costs are significant and applicable to all employees suffering job losses. Costs 
associated with recruitment and training costs equally apply to recruiting into new positions. The knock-on 
impact on morale within the business is not considered. Therefore, the social cost associated with 
unemployment will be higher than the value below, following ECHA’s method. 
 
Perrin & Rowe salary data (estimated) from 2021 was used to calculate social impacts of unemployment in 
the NUS. The data was not corrected for inflation to the 2022 base year.  

 
44 ECHA paper SEAC/32/2016/04 The social cost of unemployment (20 September 2016, agreed at  SEAC-32), available at 
https://echa.europa.eu/documents/10162/17086/seac_unemployment_evaluation_en.pdf  
45 Dubourg, 2016.  
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• Uncertainty in and relevance of the values of a statistical life (VSL) and morbidity due to cancer (VCM) 
published by ECHA.   

 
• Uncertainty in the NUS including substantial and unproven assumptions regarding the implications 

of difference courses of action following a refused decision. 
 
• Assumptions relating to economic growth are lower than realistic estimates. In particular, the value 

used to assess foregone profits assumes no growth, or growth of 2% which is substantially less than 
planned growth. Furthermore, profits in future years are discounted at 10%, which is conservative 
(e.g. compared with ECHA recommendation of 4%).  

 
• The baseline for the assessment considers foregone profits over a 2-years period, compared with 

health costs over the requested review period. The estimated foregone profits over 10 years are 
provided for context and comparison. In both cases, economic costs are far greater than health costs, 
where both are estimated conservatively, meaning health costs are over-estimated and economic 
costs are under-estimated. 

 
 

6.7. Information to support the review period 
 
A review period of 10 years is required. The evidence presented in this combined AoA-SEA supports such a 
review period as it demonstrates that: 
 
• There is currently no suitable alternative generally available (SAGA) to the use of chromium trioxide 

in electroplating of sanitary ware to create a long-lasting and durable surface which meets aesthetic 
requirements.  
 

• Like many others, Perrin & Rowe has been seeking viable alternatives to Cr(VI)-based electroplating 
for some time but, so far, no alternative provides the same performance levels and there is no clear 
prospect of their deficiencies being addressed in the foreseeable future. In addition, current 
candidate alternatives to Cr(VI)-based plating would add significantly to investment and production 
costs, a situation which is unlikely to change in the next decade because Cr(III)-based alternative 
technologies (as demonstrated in the AoA) are unlikely to bring any change in these respects.  

 
• Products made with alternatives to chromium trioxide would require specific approval under other 

legislative areas (the Water Fittings Regulations and the Water Quality Regulations) in order to 
ensure they can be used safely.  

 
• All of Perrin & Rowe’s competitors supply Cr(VI)-plated products as the majority of their business. As 

shown in Table 6, the majority of these competitors either have authorisation or have applied for 
authorisation under EU REACH for the continued use of chromium trioxide or, for UK-based 
competitors, can be expected to apply by the end of the UK REACH transitional latest application date 
/ sunset date. The applications under EU REACH have so far been granted or received positive 
opinions from RAC and SEAC. This means that the use of chromium trioxide for electroplating of 
sanitary ware will continue in the EU well beyond 2030. In addition, Cr(VI)-based sanitary ware 
remains widely available for import from the rest of the world where the use of chromium trioxide is 
not subject to comparable regulatory controls. This means that any switch to Cr(III)-based 
electroplating which is not currently comparable to Cr(VI)-based electroplating in terms of its 
performance would simply mean that any business switching prematurely would lose customers and 
market share to those firms still supplying higher-quality Cr(VI)-based products.  
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• If Perrin & Rowe was required to cease its use of chromium trioxide, it would do so by outsourcing 

production to a non-GB (and non-EU) contractor. This would entail a significant increase in costs 
associated with managing an external contract, transportation and warehousing to deal with longer 
supply lead-times. Costs would also be incurred in terms of loss of certification, real and perceived 
reductions in quality, impacts on the supply chain, marketing and branding issues, and so on. In 
addition, there would be a significant period of non-operation associated with the NUS.  

 
• Forcing the adoption of a Cr(VI) alternative prematurely will lead to poorer quality products, more 

waste as products are replaced more quickly, and increased consumption of resources and energy as 
those extra products are manufactured. From a lifecycle and supply chain perspective, Cr(III) does 
not reduce risks or improve the environment.  

 
• Perrin & Rowe is known for its emphasis on high-quality, durable bathroom and kitchen products for 

the luxury sector. Perrin & Rowe’s focus is on quality of production, precision engineering and 
attention to detail, combining modern production methods with time-tested techniques. British 
craftsmanship is a key aspect of the brand, as is longevity and a unique aesthetic. It is reasonable to 
conclude that its customers would more readily notice a drop in product quality by virtue of any move 
to an inferior alternative to Cr(VI)-based plating. In addition, the NUS is not consistent with the ‘Made 
in Britain’ brand identity and positioning of Perrin & Rowe.  

 
• The costs of risks to human health from continued use of chromium trioxide are estimated at less 

than £1,000 per year. This means the remaining risks of continued use are ‘low’ and, by comparison, 
the socio-economic benefits are ‘high’, a situation which is unlikely to change in the next decade. The 
application therefore meets the criteria for a ‘long’ review period, as per RAC/SEAC guidance. Perrin 
& Rowe requests a review period of 10 years. This is comparable with (and indeed shorter than many 
other) review periods requested by competitor firms in recent applications for authorisation under 
EU REACH. 

 
If an authorisation is granted, Perrin & Rowe will continue in its efforts to identify and develop an alternative 
which has comparable performance to Cr(VI)-based plating. R&D efforts have already commenced although 
are not expected to lead to the development of a suitable alternative that could become available in a 
shorter review period. A range of substitution activities are set out in the Substitution Plan which 
accompanies this application for authorisation, together with a suggested timeline and details of the steps 
involved and their associated complexity and uncertainties.  
 
 
 

7. Conclusions 
 
Chromium trioxide is listed in Annex XIV of REACH. Transitional provisions under Article 127GA of UK REACH 
extend the latest application date and sunset date to 30 June 2022 for Perrin & Rowe, as a GB-based 
downstream user covered by an AfA further up their supply chain made under EU REACH.  
 
Perrin & Rowe uses chromium trioxide for the electroplating of sanitary ware products, to apply a metallic 
chrome coating on top of a brass substrate. This is an essential process to ensure that finished products 
perform optimally under reasonably foreseeable conditions of use and achieve a specific aesthetic 
appearance to satisfy customer demands and expectations. 
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This combined AoA-SEA relates to Perrin & Rowe’s use of chromium trioxide for electroplating and forms 
part of the demonstration made in support of the AfA to allow for continued use following the end of the 
transition period and extended sunset date of 30 June 2022.  
 
Using chromium trioxide in functional chrome plating with decorative character provides many advantages 
due to the resulting properties of coatings deposited from chromium trioxide during electroplating. Key 
functionalities include:  
 

- enhanced corrosion protection and chemical resistance of finished products; 
- highly desirable aesthetic qualities (a brilliant, mirror-like surface); 
- good adhesion performance when used with brass substrates; and 
- excellent wear and abrasion resistance. 

 
The AoA has sought to determine whether there are any suitable alternative substances and technologies 
to the use of chromium trioxide in functional chrome plating with decorative character for sanitary 
applications, such as taps, showerheads and bathroom and kitchen accessories. In particular, the AoA has 
considered: 
 

(a) the technical feasibility of alternatives to chromium trioxide;  
(b) the economic feasibility of alternatives to chromium trioxide;  
(c) whether transferring to alternatives would result in reduced overall risks to human health and the 

environment; and 
(d) whether the alternatives are available to Perrin & Rowe, i.e. whether they would be of sufficient 

quality and accessible in sufficient quantities. 
 
A range of potential alternatives to chromium trioxide have been considered. The most promising and 
realistic for future development is electroplating based on trivalent chromium-based solutions (chromium 
sulphate and chromium chloride). Other potential alternatives considered include processes based on 
trivalent chromium + lacquer and PVD-chromium. However, all of these alternatives currently fail because 
they are not technically and economically feasible. In addition, there may be some reduction in risks to 
human health in GB but these risks would not be reduced in overall terms, as they would simply be 
transferred to a country other than the UK.  
 
If products had to be manufactured using such alternatives, this would result in a very significant loss of 
sales and market share, with customers switching to more durable and reliable product that had been 
manufactured using chromium trioxide, most likely manufactured outside, and imported into, GB. 
 
The majority of the European sanitary ware manufacturing sector has already applied for, and in some cases 
received, authorisation under EU REACH to continue using Cr(VI) for another 10+ years, due largely to 
quality problems with the principal alternatives and the time needed to remedy them. Manufacturers 
outside of the EU are free to use Cr(VI) without similar regulatory controls and already supply a significant 
proportion of the GB and EU markets. This means that any switch to inferior alternatives to Cr(VI)-based 
electroplating would result in a loss of customers and market share to those firms still supplying higher-
quality Cr(VI)-based products. 
 
In this way, the AoA has provided input to the SEA to help identify the most likely NUS in the event that 
chromium trioxide can no longer be used by Perrin & Rowe. If Perrin & Rowe’s use of chromium trioxide 
were to cease then its only options are ‘managerial’ in nature. From those options considered, it is likely 
that Perrin & Rowe would outsource the manufacture of chrome-plated products to a non-GB (and likely 
non-EU) third party.  
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Any outsourcing project would involve significant challenge and substantial additional financial and 
environmental costs, not least of which would be associated with transporting and importation. Perrin & 
Rowe would also need to hold significantly greater inventories to protect themselves against longer lead-
times and shipping delays. A number of existing jobs would be lost and there would be wider effects on the 
supply chain.  
 
The costs of risks to human health from continued use of chromium trioxide are estimated at less than 
£1,000 per year. On the other hand, the societal costs of the NUS are estimated as being  

 per year (public range £5.7 million to £11.4 million) or  over 2 
years (public range £11.4 million to £22.7 million), demonstrating that the benefits outweigh the costs by 
several orders of magnitude. The sensitivity analysis shows that this conclusion is robust to reasonable 
changes in assumptions. This means the remaining risks of continued use are ‘low’ and, by comparison, the 
socio-economic benefits are ‘high’, a situation which is unlikely to change in the next decade. 
 
Despite the current failings of potential alternatives, Perrin & Rowe commits to continuing to devote time 
and resources to research and development (R&D) into alternatives. These efforts currently centre on 
trivalent chromium processes initially, in an attempt to address their current performance weaknesses. It 
is hoped that the issues with trivalent chromium-based alternatives can be resolved in the future although 
at this point in time this is far from clear and not guaranteed.  
 
The Substitution Plan considers the steps proposed to switch to a hexavalent chromium-free alternative in 
more detail. This involves substantial R&D effort for the investigation and qualification of shortlisted 
alternatives, further detailed investigation of process variables, scale-up of the chosen alternative process 
to production trials, conducting those trials and gathering feedback, then ultimately transitioning from 
hexavalent chromium processes to the chosen alternative process. As a result, a review period of 10 years 
is requested.  
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15 C/W Rinse   - 700  -  -  -  -  -  - 

16 

  

Nickel Strike 

  
  

1150 

  

 
   

 

 
 

 

  

 
  

17 Not in Use - - 700  -  -  -  -  -  - 

18 Not in Use - - 700  -  -  -  -  -  - 

19 Not in Use - - 700  -  -  -  -  -  - 

20 Not in Use - - 700  -  -  -  -  -  - 

21 Not in Use - - 1070  -  -  -  -  -  - 

22 Mild Acid Rinse  - 1070       - 

23 Sulphuric Etch -  700  
      - 

24 C/W Rinse - - 700  -  -  -  -  -  - 

25 C/W Rinse 
 
 
 

- 700 
 -  -  -  -  -  - 

26 Nickel Drag Out 
 
 
 

- 700 
 -  -  - 

 
 

 

 

 

 

  

  

  

     

 

27 Nickel Plate 1   1150    -  

28 Nickel Plate 2   1150    -  

29 Nickel Plate 3   1150    -  

30 Nickel Plate 4   1150    -  

 
  






















