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1. alternative ID and properties

This submission is a direct response to the Analysis of Alternatives, Non-Confidential Report 

submitted by REACHLaw Ltd as Only Representative on behalf of Joint Stock Company

“Novotroitsk Plant of Chromium Compounds” for use of chromium trioxide for Functional chrome plating with decorative character (Use number 3). 
IHI Hauzer Techno Coating (further abbreviated to Hauzer) has acquired the IP rights and trademarks of the Cromatipic process, developed by the Spanish company Sidasa.  With this process it is possible to produce PVD-coatings on plastics, whilst applying a UV-cured lacquer as a base layer. 
The overall goal is that the end plastic product should meet functional requirements (durability, scratch, corrosion and chemical resistance) and have an aesthetic appearance.

Electroplating or lacquering are alternative techniques to give an aesthetic appearance. Electroplating is normally the deposition of a copper-nickel-chromium layer with a thickness of about 30 μm and a typical surface hardness of around 600 HV. The thickness levels the surface imperfections. Electroplating, however, is a wet, environmentally unfriendly process based on the chromic anhydride used as a source of hexavalent chromium. Electroplating is mainly limited to ABS.

The main disadvantage of painting only is lack of hardness, primer requirement for many plastics and absence of an attractive metal look.

The CromatipicTM process can produce chromium layers with qualities as provided by electroplating. The process offers the possibility to produce an additional transparent top layer of SiO2 for an improved wettability and enhanced wear protection. PVD has several advantages. It is an entirely dry process, offers a wide range of coating materials resulting in vivid metallic colours, has a cool touch (however with less effect than electroplated chromium, since the thickness of the PVD-layer is reduced compared to electroplated chromium) and the coatings can have a hardness exceeding 1000 HV. The PVD layer is usually applied with a thickness ranging from 0.3 μm to 3 μm, which will not give a levelling effect. This can be overcome by using a lacquer with enough thickness to have a levelling effect and to deposit the PVD coating on top. Such an approach is realized by Hauzer using Cromatipic®. If a high quality mould is used to obtain a highly polished surface, the PVD layer can be deposited directly on the plastics, resulting in a smooth, shiny film. 

A key issue here is the adhesion. 
For this process an in-line machine, called MetallinerTM, has been developed by Hauzer. This equipment offers large scale production with a takt time between 90 and 300 sec (depending on the system design for non-rotating, resp. for rotating parts).
[image: image4.png]s I e L o i T i





Figure 1: Overview of the different steps in the Cromatipic process.

An overview of the CromatipicTM process can be found in figure 1. The moulded products are cleaned by cryogenic CO2 blasting before lacquering. The lacquered products are UV cured. The next process steps are coating by PVD (Physical Vapour Deposition: sputtering of chromium, which takes place after a process step for etching/activation) and eventually a transparent top coating made directly from the gas phase by PECVD (Plasma Enhanced Chemical Vapour Deposition) to improve finger print resistivity and to enhance the chemical wear resistance for better cleaning properties of the surface..  

A CromatipicTM production facility is running at Greencoat in Italy. The layout of the factory can be seen in figure 2. 
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Figure 2: Example of the layout of a large production plant for the CromatipicTM process.

The PVD-system is shown in red in figure 2. Figure 3 shows in more detail the MetallinerTM, where the PVD/PECVD coating takes place.
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Figure 3: MetallinerTM (detail of figure 1).

Recently also a smaller production plant (tact time 240 – 480 sec) has been ordered and will be operational by Q1/2017. See figure 4 below.
[image: image2.emf]
Figure 4: Example of the layout of a small production plant for the Cromatipic® process showing a standard 3 Chamber Metalliner® and one optional 3 Chamber Metalliner®.
As visible from figure 3 the transition between lacquering line and PVD line takes place on the load and unload position. A robot picks the lacquered parts and places these parts on the racks that are transferred into the MetallinerTM.
The racks can be used making a linear translation movement (in case of products that have to be coated only single sided) or rotating (which is necessary for 3D-parts to be coated). 
The size of 3D-products that can be coated is 1500 mm high and with a maximum diameter of 220 mm. 
The size of single/double sided products to be coated is 1500 mm high, 1200 mm wide and maximum 220 mm deep. For these products certain aspect ratios can be coated as well (in a range of width:depth = 1:2 an acceptable coating distribution in the depth (approx. 50%) can be accomplished.

The takt time for coating of 3D products with 0,4 µm sputtered Cr and a SiO2 top coating is 5 minutes, whereby the temperature stays below 80 °C. 

The process can run uninterrupted for 1 week before maintenance is required. Maintenance includes the removal of shieldings that protect deposition of chromium on the chamber walls and to replace the chromium sputter targets. Cleaning of racks form parasitic deposition of chromium takes place more frequently, but this is not interrupting the product flow and can therefore be done during normal production. 
The polymers that can be treated with the CromatipicTM process are not only ABS and ABS/PC. Many other industrially important polymers can be treated: ABS, polyethylene, polypropylene, polyester, PET, polycarbonate, polyamide, PMMA and PEEK are examples of materials that can be treated. Each of them offers certain advantages and drawbacks to specific applications. Also a possibility exists to coat light metals. The lacquer can be applied for corrosion resistance, whereas the top coating is applied for wear protection and aesthetics.
Introduction of PVD technology for faucets is a large step, which has been done in the middle of the 1990’s by Hauzer customers. PVD was introduced to provide the necessary wear resistance (top coating). By applying different PVD processes it has been possible to combine a large spectrum of colours (with metal look) with the necessary wear resistance. By enabling large volume production systems (mainly batch systems in those days) and the achievement of improved properties it was possible to produce PVD coatings competitively. 
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Besides brass, also ABS faucets were coated quite soon. The faucets were electroplated before coating to provide levelling effect by the base layer. ABS substrates were coated with PVD arc coatings at maximum temperatures of 70 °C without any problems of overheating the substrate. The large advantage of PVD lies in the creation of metastable components by the plasma environment, thus allowing for material properties outside the range that can be reached by electroplating. 
Here a remark is to be made: ABS will be prohibited in the applications in contact with drinking water. This implies that a market for different polymers will have to be found by the sanitary hardware manufacturers and consequentially there will be the need for an alternative for electroplating, as this is limited to ABS plastics.

The materials made by PVD/PECVD coatings have shown their large benefits in demanding applications on automotive engine components as well. In view of equipment manufacturing, Hauzer is leading in this market. Hundreds of millions components are coated by Tier 1 suppliers in Hauzer equipment. PVD/PECVD was the enabler of the high pressure diesel injection, leading to an enormous growth of diesel cars in the automotive market because of the high quality performance of these engines. Hauzer supplied a large number of high volume systems. The processes are developed with demanding requirements for adhesion as the mismatch between the soft substrate and the hard top coating must be compensated. This experience shows to be beneficial in case of the CromatipicTM process as well. With the experience in upscaling and delivery of PVD-systems to handle large volumes, Hauzer has the ability to supply on short term sufficient production capacity to replace within a few years the whole demand for presently electroplated plastic parts in automotive applications by PVD-coated chromium (see attachment 1). 
Here follows a more detailed description of the CromatipicTM process.
The activation step is the first step in the PVD process after lacquering. Argon, oxygen or nitrogen plasma is generated by either hot filament plasma source or by 40 kHz AC-powered electrodes to guarantee the right operating conditions for a wide range of plastic substrates. Since plastic substrates can differ largely, the PVD machine should have a broad operating window. This is exactly the case in the Hauzer Metalliner, an inline PVD with an active zone of 1.2 x 1.5 m. The activation is achieved by 40 kHz AC electrodes, capable of generating a power in the range of 0.5 kW to 10 kW with voltages of up to 10 kV. The operating pressures can vary between 0,05 Pa and 5 Pa. The specific durability requirements determine the coating thickness and the necessity for a base layer under the decorative finish and the coating material. For a successful end product that passes through tests like thermal shock and hydrolysis, the sequence of choosing the polymer, selecting the moulding process and designing the PVD film should be regarded as a whole in advance.
One of the reasons for the wide spread use of ABS is the fact that it can be electroplated. Replacing the plating with PVD opens the possibility for polymers that have higher melting temperature, can be easier produced with polished finish and have better behaviour in combination with PVD. The higher melting temperature is directly related to the productivity of the PVD coating process. For example, replacing ABS, which can sustain a maximum of 65 °C with PA66, which easily sustains 250 °C, can reduce the process time by factor 2.5 for a 1.5 μm thick coating. PVD in combination with PECVD offers also the possibility to apply a thin transparent top coat that further improves the chemical wear and finger print resistance without deteriorating the colour. This top coat is deposited from HMDSO precursor. In the Metalliner it is an optional final step after activation and metallization and it uses the same technology as the activation in a wide operating window. The siloxane coating has a low surface energy leading to strong hydrophobic properties; contact angles exceed 90 degrees. This largely improves the fingerprint resistivity of the coating. By selecting the right process parameters, the contact angle can also be gradually altered. sza
The claim that the blueish colour shine of electroplated hexavalent chromium cannot be made with PVD, is not correct. In the CIE L*/a*/b* colour space, this blueish colour is defined by L>80 and b<0. [image: image6.jpg]temperature effects
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With regular sputtering technology this is indeed difficult to reach due to the columnar structure, but with high ionised technologies (HIPIMS, arc) these colours are achieved in a large batch system with cathodes of 1700 mm.  
Waste and emissions:

· The process produces parasitic deposits that are caught by shieldings to protect the walls from deposition. These shieldings have to be replaced regularly, as the deposits will start to flake at a certain moment. These flakes have to be avoided since they will generate defects in the coating.

The stainless steel shields will be cleaned either chemically or by blasting. In case of chemical cleaning there are sustainable chemicals available that can do the job in a novel wet plasma cleaning process. In case of blasting the metal dust will be disposed by the blasting company. 

· The UV cured lacquering process produces VOC’s in a minor quantity. There is a cleaning agent  necessary when changing between different lacquers is to be done (as necessary related to the substrate polymer types). These cleaning agents are VOC’s and can be decomposed thermally.
· Dimensions of parts to be processed are specified above. They can go up to 1500x1200x200 mm in the present design of the Metalliner. Larger parts can in principle be processed, but the present production line must be adapted to these dimensions.
· The PVD process is an environmentally friendly process does not require hazardous substances.

Applications of the technology:

· Automotive interior parts.
· Automotive exterior parts.

· Consumer electronics (mobile phones, cameras).

· Bathroom equipment and door handles (see description on page 5). 

· Note: ABS will be prohibited in the applications in contact with drinking water. This implies that a market for different polymers will have to be found by the sanitary hardware manufacturers and PVD will already be able to fill this demand. 
The technology offers: 

· A wide spectrum of colors.

· PVD coatings matching the color of electroplated chromium, applying Cr6+.

· A large palette of metallic colors that can be produced in reactive PVD processes.

· Process temperatures ranging from lower than 70 °C up to higher than 600 °C, covering the range for industrial applied polymers (70 °C – 250 °C). 

· Coatings on many more polymers than the small selection that can be electroplated.
· Metal touch feeling. 
· Bright and satin finishes are possible.

2. Technical feasibility

Replacement of electroplating by Cromatipic is completely possible. The only limitation is for corrosion tests with NaOH and for applications on metal substrates. For this further development work needs to be done to accomplish here the requirements.  
Summarized performance of Cromatipic® coating: 

o Uniformity of lacquer and coating thickness 

o Uniform and optimum colour, where L*>80,  a*<0 and b*<0 are possible. 

o Boil test satisfies requirement 

o Fulfils requirements of several chemical test 

o In compliance with CASS test requirements 

Below you will find a table with a selection of different automotive tests showing the property, test description and end result on Cromatipic® coated test plates.
	Property
	Test
	Test description
	Result

	Adhesion
	Cross-cut test
	DIN EN ISO 2409 and 4657 adhesive tape 
	PASS

	Environmental cycle test 
	PV 1200 (short term) 
	(1h up +80ºC, 80%HR //4h at +80ºC, 80%HR // 5h down -40ºC, 30% HR//1 h at 23ºC ) x8 cycles 
	PASS

	Corrosion resistance 
	CASS test (DIN 50021) 
	24 to 48h CASS. Cromatipic® 144h 
	PASS

	Corrosion resistance 
	PV 1200+SS test (DIN 50021) 
	96 h PV1200+ 240h SS 
	PASS

	Resistance to cleaning agents and synthetic sweat 
	drop test 
	water solution for a  tenside solution , amoniacal, petroleum ether , methylated spirit, synthetic sweat . 0,1 ml drop 
	PASS

	Resistance to cleaning agents and synthetic sweat 
	abrasion behaviour 
	water solution for a tenside solution , amoniacal, petroleum ether , methylated spirit, synthetic sweat . 10 crock meter strokes with a wet cloth. DIN EN 20105-AO3-gray scale. 
	PASS

	Resistance to corrosion (gritting+ thermal+ corrosion 
	D4707001/H- 3,2,4 
	1.- gravelometer 150 km/hour - 10 impacts / 2.- 3 thermal cycles (-40/+90ºC)/3. CASS test: 80 hours
	PASS

	Resistance to thermal shock and corrosion (thermal+ corrosion) 
	D4707001/H 3,1,1 
	1.- thermal cyvcle ( 3 cycles 90min at -40ºC + 15 min at Tamb+ 60 min at +90ºC + 15 min a Tamb)+ CASS test 24h 
	PASS

	Russian mud test 
	D4707001/H- 3,2,9,1 
	336 hours at 60ºC, 23h, calcium chloride 
	PASS

	Resistance to occasional fluid contacts 
	D4707001/H- 3,2,8,6 
	3 min contact with fuel / 30 min contact with cleaner 
	PASS

	Resistance to water immersion 
	D4707001/H- 3,2,8,5 
	St.Andrew's Cross / Water immersion 50ºC-3 days / cross-hatch 
	PASS

	Resistance to gritting 
	D4707001/H- 3,2,7 
	Gritting 150 km/h - 10 impacts 
	PASS

	Adhesion: Cross cut test 
	D4707001/H- 3,2,3 
	craft knife single blade space 1 mm+ adhesive 3M (ref 2552) 
	PASS

	Resistance to high pressure 
	D4707001/H-3,2,6 
	flat jet nozzle:25º , 65 bars, 70 ºC, distance nozzle part: 100 mm, test:30s , with and without 
	PASS


Comments to the arguments of Analysis of Alternatives of REACHLaw Ltd as Only Representative on behalf of Joint Stock Company “Novotroitsk Plant of Chromium Compounds” (page numbers refer to the page numbers on the bottom of the pages in the Analysis of Alternatives):

“
· Page 58: “The typical thickness of PVD coatings for plastic substrates lies between 0.05 and 0.5 μm. The PVD coating time for plastic substrates is typically between 20 and 30 minutes which are higher than for metal substrates. A temperature reduction is necessary due to the lower melting point of the substrate, so to achieve the same thickness, the coating time must be increased”
· The takt time for an in-line process is between 90 sec and 480 sec.

· Page 59: “Nevertheless, certain types of lacquers may contain potentially harmful substances”.

· The lacquers applied in the Cromatipic process are sustainable lacquers without Volatile Organic Compounds.
PVD in sanitary sector (page 60-66):

· Page 64: In general PVD aluminium layers as intermediate layers provide less corrosion resistance than PVD chrome intermediate layers.

· The system consists of PVD-Cr directly on the lacquer. Al is not used. 

· The Italian company Greencoat is already supplying PVD-Cr coating with a lacquer base layer as alternative for plating on plastics for the sanitary sector.
· Page 64: “In the case of a three-layer lacquer + PVD + lacquer system with a final lacquer, the wear resistance of these coatings is clearly lower compared to a metallic chromium coating, as no lacquer is able to fulfil the same abrasion resistance as metallic chrome coatings from chromium trioxide”.

· The lacquer adheres very well as is shown in adhesion tests  (see cross-hatch test ASM ...)
· Page 64: With regard to a two-layer lacquer +PVD system, it was stated during the consultation that these coatings failed the corrosion requirements at the current stage of development. As a consequence, further R&D is necessary to reach suitable and repeatable corrosion resistance for these kinds of coatings.
· Cromatipic is a system that is suitable for plating on plastics. Development work for plating on metals is in an initial stage, as the main focus and the largest market is the market for plating on plastics. For this application Cromatipic meets the ASM corrosion tests. Besides this please note that in case of plastic the base material cannot corrode and corrosion protection is thus only relevant for the coating system.
· Page 65: As stated during the consultation, two-layer lacquer + PVD based coating systems failed the abrasion requirements of the sanitary sector at the current stage of development.

· The abrasion resistance is comparable to electroplated chromium. The thickness of the layer plays of course a role in the abrasion resistance, but PVD offers many possibilities (like nitride interlayers or hard top layers) that will increase the abrasion resistance well above the level of electroplated chromium.

· Page 65: UV lacquers are not limited to the outside of the product to be coated, but may also be diffused to the inner geometry (inner waterways). Therefore, and due to the necessary curing of the UV lacquers, residues of non-cured particles can remain in inner geometries.
· Inner waterways can be protected against deposition of both PVD and UV lacquer.
· Page 66- 67: Sector specific: automotive.
· Lacquer + PVD is a viable alternative for electroplating. The properties can be matched, as has been explained already in the Gerhardi-case and the required production capacity can be available in the next 4 years.

Page 67- 68: Sector specific: cosmetics.

· The system lacquer + PVD can fulfil the aesthetic requirements of the cosmetics industry completely. Actually many parts are already coated with PVD.
Page 68- 69: Sector specific: white goods.

· Corrosion/chemical/wear resistance: Not yet feasible. However systems are under development that can provide the required corrosion resistance. It is difficult to say at present whether this will have some consequences for the colour, as this sector of application has never been addressed yet for coating optimization. Solutions may include amorphous top coatings. The same applies for chemical and wear resistance.

· Aesthetics: Application of highly ionized technologies (HIPIMS, ARC) have shown the capability to produce negative a and b values in combination with high L-values (L > 80)

Page 69- 70: 7.1.2.4 Economic feasibility.

· Page 69: “Further factors are that the coating costs for PVD metal are significantly higher, because no wet-in-wet coating is possible, and at the current stage full automation is not possible”.
· Assuming that the volumes are sufficient it is today already possible to produce competitively with PVD-lacquer systems. In our cost calculations the total cost of ownership is included, so maintenance is included as well. Such systems are already running automatically in operational production plants. In the future costs can be further reduced if these systems will be produced in larger quantities than today. Design optimizations will lead to increased capacity and as such to further reduction of costs.
· Page 69: “In general, the need of a vacuum chamber limits the size and the type of parts that can be coated. PVD, a line of sight process, is not suitable for complex geometries and large parts”.
· It is possible to coat aspect ratio’s (diameter of a cavity divided by the depth of the cavity) of 2:1 without problems, whereas with technologies like HIPIMS and Arc this can be even much higher. Solutions have to be engineered for the specific product and can be more complex than in case of electroplating. Volume of scale will make it however economically feasible.

Page 70-71: Availability: 

· Page 71: “In total, it is not likely that lacquer + PVD + lacquer system could be industrially used as a general alternative to functional plating using chromium trioxide electroplating within 7 years after the sunset date”.
· Since PVD is already available today, it will be feasible to switch over to high volume production within the next 2 years. A feasibility study for covering the capacity demand for automotive applications is attached to this document. Therefore a review period of 4 years seems to be reasonable.
Page 71: 7.1.2.7: Conclusion for suitability/availability of the PVD process.

· Page 71: “At the current stage, the most promising PVD based alternative for all kinds of applications and sectors is a lacquer + PVD + lacquer system”.

· Mostly references have been made to lacquer+PVD+lacquer. The lacquer + PVD solution like Cromatipic, eventually with a PECVD oxide top coating is an alternative solution. Some development work has however still to be done for metal substrates in view of improvement of corrosion resistance. 
Page 90: 7.1.7. ALTERNATIVE 7: DLC - Diamond like carbon
· Page 90: “The process temperatures during application of a DLC coating are typically about 150 °C. When applying a DLC coating on plastic substrate, for example on ABS with a melting temperature of 105 °C, the plastic would melt”. 
· H-free DLC’s and hydrogenated DLC’s with/without doping elements are state of the art in automotive components. Engine components in quantities of up to 750 Million components are produced per year. The technology requires lower temperatures to have high hardness values and can therefore easily be used for plastics as well. In automotive processes the temperature can be 150 °C to optimize productivity and coating specifications like hardness. The technology requires the use of either sputtering, arc, HIPIMS or PECVD. 
· A new suitable technology is microwave PACVD. This technology has shown the potential to coat plastics at temperature below 70 °C with very good adhesion, durability and chemical resistance.  By the end of 2017 this technology will be available for large scale systems such as the Metalliner systems. This development step will also improve the corrosion resistance for lacquer + PVD coatings on metal substrate materials.
· Though we are convinced that there are possibilities for DLC’s, Hauzer recommends the solutions with lacquer + PVD as the better alternative for electroplating with its chromiumtrioxide steps.

3. Economic feasibility 
The replacement of electroplating by PVD is completely possible. Equipment for large scale production has been developed and is in operation. With the economy of scale prices are competitive. This is also determined by the design of the product to be coated. Differences in cost are sometimes positive for CromatipicTM, sometimes for electroplating. As the differences are small, there is no reason not to change from electroplating to CromatipicTM or any other comparable PVD/PECVD process.

Comments on the coating costs:  We have estimated that the average costs for PVD manufacturing are about 85% of electroplating; 

Depending on the product geometry the cost of 1 m2 electroplating is estimated to be in the range of  €20/m2 to €35/m2. The cost for Cromatipic® are between €18/m2 to €29/m2 ; 

The initial investment cost for a Turnkey Cromatipic® plant will be on a comparable level of a medium sized electroplating line. 

4. Hazards and risks of the alternative
There are no hazards and risks.
Disposal of parasitic coatings can be done without efforts in a sustainable manner. Disposal of cleaning agents when changing form lacquer type is done with a small quantity VOC-containing agent that has to be decomposed thermally. 

The residues of lacquer are UV treated and disposed as a polymer block.

5. Availability

CromatipicTM plants are delivered and can be delivered to each other interested customer with a lead time of approximately 1 year. Lead time implies turnkey delivery, but buildings are not included in this scope.
The capacity required for Plating on Plastics for Automotive Applications is calculated in Appendix 1. As automotive applications are about 60-70% of the total market for plating on plastics (according the applied marketing study in Appendix 1) we see no problem to deliver sufficient capacity to cover the market for decorative applications within the next 4 years.

6. Conclusion on suitability and availability of the Alternative

The process is ready for being delivered and available for each interested customer. 
7. other comments
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APPENDIXES

APPENDIX 1:

Business plan form Hauzer’s point of view to replace POP (Plating On Plastics) for automotive applications by combining lacquer and PVD technology.

Hauzer has bought the Cromatipic® process. With this process it is possible to produce PVD-coatings on plastics, whilst applying a UV-cured lacquer as a base layer.
As a process combining the use of VOC-free lacquers as a base layer for a PVD-chromium layer, Cromatipic® is a sustainable process which is able to replace the CrO3 containing electroplating process completely. In contrary to electroplating Cromatipic® is not using of hexavalent chromium.

The technology is ready for the market. In the beginning of 2017 Hauzer will have a Competence Center Hauzer Iberica operational in Spain. Here sample coatings will be developed and produced for all different types of plastic substrates for potential customers. These samples can be qualified by potential customers and their end customers. The Competence Center will also be set up for pilot production to support customers with toll coating, thus bridging the period between ordering and delivery of a Cromatipic® plant. 

Market data for Plating on Plastics for Automotive applications in Europe is taken from a market analysis, made around 2015 by the US based company Global Market Insights, Inc. 

Table 1 below shows the POP volume estimates for Europe in millions of square meters for the years 2016-2023. The figures taken from the analysis are only referring to plating of plastics for automotive applications.

	Year
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023

	POP-volume in Million m2
	26,9
	28,4
	30,1
	31,9
	33,8
	35,9
	38,1
	40,5


Table 1: Expected growth of the market of Plating on Plastics between 2016 and 2023.
In the market analysis the market growth was estimated with a CAGR of 6%.

Sources of data in this analysis are: NMFRC, ASTM, REACH, U.S. EPA, OICA, Plastics Decorative Magazine, Primary Interviews and Global Market Insights.  

	A. Year
	B. Lacquer plant type A
	C. ML-3 Chamber
	D. Total installed

ML-systems
	E. Hauzer installed capacity [Millions m2]
	F. VTI-Capacity delivered  [m2]
	G. Oerlikon-Capacity delivered  [m2]
	H. Total installed PVD-capacity [m2]
	I. Plating  capacity [m2]
	J. Percentage PVD
	K. PVD-% of total in 2017 demanded capacity

	2017
	1
	1
	1
	0,21
	?
	?
	0,63
	27,91
	2,19%
	2,19%

	2018
	2
	3
	4
	0,83
	?
	?
	2,50
	27,75
	8,27%
	8,77%

	2019
	3
	8
	12
	2,50
	?
	?
	7,51
	24,56
	23,40%
	26,30%

	2020
	4
	8
	20
	4,17
	?
	?
	12,51
	21,48
	36,80%
	43,83%

	2021
	6
	12
	32
	6,67
	?
	?
	20,01
	16,02
	55,55%
	70,13%

	2022
	8
	16
	48
	10,01
	?
	?
	30,02
	8,17
	78,60%
	105,19%

	2023
	9
	18
	66
	13,76
	?
	?
	41,28
	-0,79
	101,96%
	144,64%


Table 2: Business plan data from Hauzer, based on the market data in table 1.

Based on the market figures in table 1, the business plan for Hauzer is setup and shown in table 2. 

We think that the growth rate forms a conservative figure, since in recent years the trend in automotive business seems to be heading faster to electric mobility than expected a few years ago. Climate change issues as well as issues with the software of diesel engines have put more social and political pressure on a shift into the direction of electrical mobility. The implication is that saving weight in cars will get an even increasing importance in solving today’s issues of electrical cars with storage of electrical energy, recharging of batteries and related issues with limitations in range. This trend will probably imply that the growth rate of the market may even be higher so that the growth rate assumptions can be regarded as conservative. 

Hauzer’s business plan is based upon the following assumptions:

A Cromatipic® plant with two Metalliner PVD-systems has the capacity to treat 420.000 m2/year. This calculation is based upon 95% uptime and 95% of the products passing the specified quality tests.

In our assumption for mapping the entire market, we assumed that Oerlikon and VTI can provide exactly the same capacity and that the market for replacement of electroplating will be distributed equally between the system suppliers VTI, Oerlikon and Hauzer (Note: The estimated capacity of VTI and Oerlikon is of course an assumption from us, as Hauzer does not know exactly which coating capacity can be provided by VTI and Oerlikon). Therefore the total PVD-capacity is threefold the capacity that can be provided by Cromatipic® plants installed by Hauzer.

Contents of table 2:

· In the columns B and C the number of lacquer lines and Metalliner PVD-systems (ML), which are newly installed in the year shown in column A, are shown. As the lead time for production of these lines is 1 year, the new lines have to be ordered 1 year before Start of Production (SOP).

· One lacquer plant type A (the type which Hauzer is now building up in Spain at Hauzer Iberica) is designed to have the capacity for supplying parts to two ML-systems. Each ML-system has a capacity to produce 210.000 m2 coating surface.

· Column E shows the accumulated installed capacity in Millions of m2 of Cromatipic® treated surface. This represents the total for production available capacity that has been installed by Hauzer between 2017 and the year corresponding to that line of the table.

· For simplicity the market share to be made available by VTI and Oerlikon is taken equal to the Hauzer capacity, assuming that there are no other players in the market. 

The total available PVD-capacity is shown in column H and is because of the assumed equal distribution between Hauzer, VTI and Oerlikon tripling Hauzer’s capacity figure in column E.

· From the figures in column H and the total predicted market demand for the corresponding year in table 1, the calculated market share of available PVD capacity is shown in column J.

· Column K shows the same figure as column J, but is this case it is relating to the to the capacity demand for 2017.

· With these figures it is possible to replace the market demand for POP on automotive applications with PVD coatings in 2023, including a prospected growth of the market with a CAGR of 6% (in agreement with the market data in table 1). 

Concerning Hauzer’s production capacity: a new plant with 1 ML will be taken in production at Hauzer Iberica in Spain in the beginning of 2017.  The lead time for a new lacquer line and a ML-system is 1 year. 

The table data assume that the capacity required for 2018 will be ordered in the beginning of 2017. 

This is of course most likely too early. As qualification will take some time first ordering may therefore be postponed for 1 year. This can however be compensated by increased production in the next year. 

The overall conclusion is that these volumes can definitely be handled by VTI, Oerlikon and Hauzer. 

A complete transition of the market for electroplating of automotive parts to sustainable PVD coating is therefore realistic and will enable to avoid the use of hexavalent chromium completely. 
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