MrD. Stogk,
P.0. Box 29443,
Fendalton,
Christchurch,
1/03/2011
Dear Mr Stock,

You have asked me to provide an fndependent expert review In relation to varlous calour physics
and wool colour testing Issues, together with a view on possible wool colour improvements which
might be achieved In scouring. You have also asked me to comment on the economic benefits which
might result for the industry, should these be achieved, The background to your request are the
sections of the Cavaller Bremworth application to the Commerce Commission concerned with
possible wool colour improvements and the economic benefit which might result for the Industry,
should the NZWSI scours be reconfigured as described in the application. Whilst | am not in a
position to provide a direct comparison between the outcome from scouring the same wool on the
two scourlng systems employed by these two compantes, the purpose of this review is to assist the
Commarce Commission to understand and evaluate this aspect-of the appilcation. The views
express below are my own views as an indopendent expert in this fleld. A summary of my relevant
qualifications Is attached,

My opinion Is as follows.
1. Tha Colour Test and the Tristimulus Vafues X, Y and Z,

" The colour of wool is routinely measured using the internationally accepted colour test, IWTO -56.
The measured colour Is describad by three tristimulus values X, ¥ and . These are wideiy used in
colour physics.

I the case of wool, the Y-value is often assocated with the brighthess of the wool, It Indlcates the
amount of Incident light reflected, The higher the value, then the more versatile the wool and the
wider range of shades to which It may be dyed. The colour test measures the clean or base colour,
This Is essentially the best value that can be achleved with perfect scouring.

_The same wool sample scoured In different ways will have a different appearance depending on how
much residual dirt and grease remains. However the underlying clean calour of the fibres, the base
,cotour tdoes not vary much, Indeed a given ot of wool will essentiaily have the same base ¥ valug
both In the greasy form and after It has been scoured, In preparing wool for the colour test, the ©
flhres are presgnted as shgrt gnlppets to a very thoreugh scowring followed by vigorous mechanical
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opehing in a speclal machine whilch also removes the vegetable matter pariic!es aerodynamically,

" This effectively strips the maximum possible grease and dirt leaving just the clean fibre to be tested.

It Is generally not possible to significantly affect the base colour, ¥ by catrying out more or less
agitatlon In the scour or indeed by more effective scourlng and rinsing, this can only affact the
appearance of the wool before it enters the preparation step for base colour determination,

The “as is” colour Is sometimes measured by omitting the cleaning steps from the colour test
preparation, Y values In the “as is” test, do vary according to the scouring quality, For commerclally
scoured wool the measured “as Is” Y may be up to 10 units below the base colour tested on the
same lot, However Improvements to “as is” Y values are of temporary significance and little

* economlc value as wool Is usually subjected to further vigorous mechanical agitation during carding

and prolonged wet treatments associated with dyeing. it is the base value of Y which carries the
economicsighificance of substance.

What might constitute a significant improvement in Y? The vardous sampling errors and other
sources of Imprecision assoclated with testing create the result that the wool colour test has a retest
precision of 3 units of Y at the 95% confidance lavel, It has been reported that most obsetvers

" cannot distinguish two different wools by eye If they are within 1.8 units® of Y each other. )

2. Public Domaln Knowhow relating to Possible Scowring Technology Improvementg.

It is velatively straightforward to carry out more vigorous agitation, use cleaner wash liquors or
achieve more effective rinsing during scouring, A number of these steps were proposed by WRONZ
when the Industry funded joint research programs, These additionst steps are ilkely to result Ina
cleaner, brighter looking praduct leaving the scour, and a higher “as Is” ¥ value. Even though this
doesn’t alter the fundamental value of the wool, which Is determined by base ¥, there was a WRONZ
project aimed at closing the gap between the “as Is” Y value of wool and its base Y value,

But there Is no reason to suppose that any of these steps might greatly fmprove the base colour of
the fibres as this Is always measured only after the even more vigorous agitation and cleaning which
occurs during gample preparation for the colour test IWTO 56,

Itis relatively common in scourlng to add smalf amounts of b!eéching agent. This practice generally
lifts both the base Y value and reduces the yellowness of the woo!. Yeliowness is often characterized
from the difference between the Y and Z tristimulus values, viz, Y-Z, Whilst smalf amounts of bleach
are relatlvely harmless, excessive bieaching leads to loss of mechanical performance of the wool
fibres. )

ltisalso common ta use pH adjustment in the final rinse bowl, Dilute formic acid Is sometimas used;

‘Ch'anges to the pH can affect ‘as Is' Y values significantly but these are temporary and largely -

reversible on further pH adjustment, unfess iron stalning s reduced by the acidity, -



3.
Equally, higher processing temperatures are known to adversely affect the base calour,

Stalning of the fibre with Tron lons sourced from soil particles depresses the Y value®, It s possible
that extra mechanical action prior to wetting may reduce the amount of lron stalning and
consequent dulling of the wool by removing more soll before wetting the woal, lon stalning is not
reversed by the cleaning steps used in the colour test IWTO 56,

8, The Scowring Technology Improvements Described in the Application.

These all appear to fall Into the category of more vigorous agltatlon, cleaner wash liguors or batter
rinsing. As such they are likely to result in a cleaner, brighter looking product feaving the scour, and a
higher “as is” Y value, But there Is no teason to expect that any of these steps would be likely to
groatly improve the hase colour of the fibres as this Is always measurad only after the even more
vigorous agitation and cleaning which occurs during sample preparation for the colour test IWTO 56.

4, The reported linprovements in Colour Achleved by Cavatler,

The Cavaller a ppllcaﬂdn says that whiist the base colour of greasy woo! produced In the North Island
over a ten year perfod has risen by only 0.2 units of ¥, the base colour of the scoured produgt
produced by Cavalier has fm;iroved on average by 1 unit of Y. This needs to be considered in the
light of the test imprecision of 3 units, results taken over many samples and averaging effects of the
central limit theorem. Rearing these in mind, it is possible that a small real improvement of say 0.8
of & unit of Y has been achleved, Whilst the posslble effect of chariges in bleachlng practice have
"been considered and excluded, thete are other aspects of processing, as describad above, which are
known to affect the Y value obtainad, No information is provided in the application on trends in the
use of acld or whether processing conditlons of time and temperature during scourlng and drying
have changed. These would need to ba considers'd to properly understand and evaluate Cavaller's

) suggested Y improvement.

" Itis possible that the new processes Introduced by Cavaller have reduced the amount of iron
stalning and consequent dulllog of the wool by removing more soil before wetling the woo!, But
NZWS$i alse employ very vigorous triple drum openers in opening thelr greasy wool and no
supporting information is provtded to support the suggestion that the Cavaller processes are more
effective In this regard.

However more significantly when it comes to evaluatlng the !nformatton provided by Cavaller, | note
that the two populations of wool used In the comparison are not the same, Figure 5 which relates to
graasy wool in the North Isfand Includes all wool produced and has & mean ¥ value of about 62.2 )
units. Figure 6 which relates to Cavaller’s scoured output has an average Y value of about 65,2, The
three unit differenca implies that Cavalier uses an above average subset of the Ni production. The
small shift of 1 unft or less over 10 years could just reflect the progressive purchase of a slightly
whiter subset of North Island wools over that 10 year perfod {For example fewer oddments moy
‘now be included in blends) -
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Therefore it is my opinion that ne relevant Information has been provided tn the application to
support the contentlon that the Cavalier scotrs can achieve a base colour rasult, Y differant from
that achleved with the NZWSI scours as they are presently configured. | consider that there are
sound sclentific grounds for doubting that this is the case,

5, Proprletary Know-How Controlled by NZWSI in Relatlon to Y Enhancement.

itis public knowladge that NZWS! offers a commerctal scoured product under the trademark

: @2 The details of the
process are confldential to AgResearch (whtch acqulred the WRONZ P assets} and exclusive to
NZWSI under the terms of a license agreemen

The process has been used to launch very bright white carpets by leading over: t makars
using wool processed in the Kaputone scour of N2WSL, fi '

E s pracess by doubte
XOUrIng the Wool. This inevitably lits the “as Is” colour, hut does not necessarlly lift the base colour,

6, Tha Value of Y and the Public Banefit

- There have baen varlous studies of the sconomic value of colour in NZ wools. Many of the studies:

were cartied out by my students {e.g, Maddaver and Aryal), It is clear from these studles that the
wool auction market has consistently rewarded supptlers for Improved colour inwool, ltfs my
opinton that a long teim dverage value of 4c/kg per unit Increase I base Y fs a conservative figure
and could be used to rellahly calculate economic value.

I consider that the arguments presented In sections 18.31 to 18.37 of the Cavaller application
relating to the economic value of Y, should Improvements he achievad, may be broadly accepted.

However as noted ahove the Cavaller application doas not in my oplnion provide any reliable
Informatlon to support the suggestion that changing the NZWSI scour configurations would Improve
the base colour of the wool which NZWSH currently produce, Equally, in my opinion, no basis has
been Identified for expecting benefits in terms of improved Y values to result from the proposed
acquis!tton and reconfiguration of NZWSI assets.
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Profile - Dr G.A. Camaby

Garth Carnaby runs his own company providing consultancy, research, govemance,
and slrategic advice services, in the science, agriculture, and wool fields.

Garth, a New Zealander, had his initial training, in textile physics, graduating from
UNSW with first class honours and the university medal in 1971, After gaining his
PhD at Leeds University in 1976, he returned to NZ to spend 20 years at WRONZ
(Inc.) involved in personally conducting and leading a vary wide range of research
projects all involving in some way the application of mathematics and physics to the
industrial utilisation of the New Zealand wool clip. He produced over 200 publications
and patents during this period and was subsequently awarded a DSc from UNSW
and Fellowship of RSNZ in recognition of this research work, During this period he
invented and commercialised the WRONZ Nesdle.

In 1892 Garth became Managing Director of WRONZ (Inc). He retired from his CEQ
roles in 2004 and set up his own research business after successfully creating
Canesis Network Ltd from merging WRONZ (Inc) and Wools of New Zealand Ltd,

His other current external appointments include; President of the Royal Society of
New Zealand, Chair of the NZ Synchrotron Co Ltd, Director of the Australian
Synchrotron Company Ltd and of the Australian Synchrotron Holding Co Ltd, Chair of
the Canterbury Development Corporation and the Canterbury Economic
Development Fund Trustee Itd, and Director of CORE Education Ltd. He was World
President of the Manchester based Textile institute in 2000-2002 and chaired the
Marsden Fund Council from 2004-2009. He has also been awarded two further
honorary Doctorates by De Montfort and Lincoln Universities. He was made a
Member of NZ Order of Merit, (MNZM) in the 2006 Qusen's Birthday Honours for
services to the woo! industry.

3 Edward Street, Lincoln,
Canterbury, New Zealand
T: +64 3 325 2969

F: +84 3 325 2864

M: +64 21 644 232

E: carnaby@xtra,co.ng




