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Qualifications 

1 I am a viticulturist. I have been working as a viticulturist for 41 years. 
My experience includes academic teaching, research and more 
recently consulting in commercial vineyards. My qualifications are as 
follows: 

1966 B.Sc.Agr. (Hons II), Sydney University, N.S.W.  

1967 M.Sc. (Hons.), Macquarie University, N.S.W. External, 1968-
1971. Thesis: Aspects of light use by vineyards. 

1976 PhD, Cornell University, New York. Thesis: The radiation 
microclimate of vineyards. 

1995 D.Sc.Agric. University of Stellenbosch, South Africa. Thesis: 
The effect of manipulating grapevine vigour and canopy 
microclimate on yield, grape composition and wine quality. 

Experience and Background 

2 I began research work in viticulture in the mid 1960s with the NSW 
Department of Agriculture at Griffith. During my time at Griffith I 
undertook research into irrigation of wine grapes and also completed 
a Masters degree studying sunlight interception of vineyards. This 
study sparked my interest in climatology which I have pursued for the 
rest of my career.  

3 I undertook my PhD studies at Cornell University in New York State.  
During my period at Cornell I was attached to a Microclimatology 
research group headed by Dr Ed Lemon in the Agronomy 
Department at Cornell University.  Dr Lemon's group were 
acknowledged world experts in agricultural climatology.  Several of 
Dr Lemon's graduate students undertook climatology research into 
vineyards with me at this time. 

4 In 1975 I began teaching, administration and research in viticulture at 
Roseworthy Agricultural College in South Australia, which I continued 
until 1982. During this time, I conducted studies of factors affecting 
wine quality of Shiraz, including moisture and microclimate effects, 
and conducted an experimental winery. From 1978 to 1982 I 
operated a small commercial vineyard at Williamstown, Barossa 
Valley. 

5 From 1982 to 1990 I was the Government Viticultural Scientist for 
New Zealand. I was intimately involved in all aspects of cool climate 
viticulture. I continued my research into vineyard micro climatology 
and its effect on vineyards 



6 In my career I have published extensively on viticulture, including 27 
refereed and 77 non-refereed papers, 10 books and/or chapters, 11 
reports and 246 technical papers, the latest of which was published 
in April 2005. I am the Viticulture Editor of three editions of the 
'Oxford Companion to Wine', which is edited by Jancis Robinson, 
Master of Wine. This tome is recognised as the English language 
reference book on wine.  

7 Since 1990 I have been operating my own consultancy business 
called Smart Viticulture. Smart Viticulture has a client base 
worldwide, varying from large corporate wineries to small family 
owned vineyards. Currently I am located in Tasmania, where Tamar 
Ridge Estate is my principal client. I am currently actively consulting 
in Australia, New Zealand, many states of the US and Canada, 
Spain, Portugal, Hungary, China and India. I have consulted in 28 
countries. I also conduct seminars and workshops, and lead 
professional grape and wine tours. 

8 As a viticulturist, I need to be and am aware of much of the latest 
research and developments in a range of sciences and technologies 
which impact on viticulture. For this reason, I have to and do 
continually keep myself apprised of the latest published papers that 
impact on viticulture.  

9 My recent experience has involved a review of a proposed pulp mill, 
to be built by Gunns Ltd.  In 2007 in particular, there were claims 
made by local vignerons who opposed the pulp mill that the operation 
of the mill would affect their vineyards and wines.  Tamar Ridge 
Estates is a wholly-owned subsidiary of Gunns, and is one of the 
closest vineyards to the proposed pulp mill site.  I was asked by the 
CEO of Tamar Ridge Estate, Dr Andrew Pirie, to compile an 
independent report about the possible impact of the pulp mill on 
Tamar Ridge Estate.   

10 One claim that had been raised was that emissions from the pulp mill 
stack might taint locally-grown fruit and hence the wine.  This point of 
view was implicitly supported in a report from the Australian Wine 
Research Institute (�AWRI�) written by wine chemist Adrian Coulter.   
My report concluded there would be no negative impact of the pulp 
mill on the vineyards and wineries, with the mill operating within State 
Government guidelines for odour, and using published data and 
modelling of concentration�s of known taint compounds. Further, I 

pointed to the existence of similar pulp mills in overseas wine regions 
which have operated with no apparent problem. 

 



My brief, from Connell Wagner, in an email dated 13 March 2008 

11 1.  Undertake an independent examination of the impact of potential 
pollutant concentration levels from the proposed biomass power 
station on viticulture in the area. 

The assessment of impact needs to be carried out analytically, with a 
knowledge of annual emissions of pollutants, likely level of adsorption 
into the plant and into the fruit (given recent research by Curtin 
University and the Victorian Department of Primary Industries), and 
therefore likely level of pollutant in wine based on quantity of grapes 
used in the wine making process.  Pollutant emissions, in particular 
oxygenated monoaromatics (such guaiacol and derivative, and phenols 
and derivatives) and polycyclic aromatic hydrocarbons, will be provided 
by Connell Wagner based on estimates using CSIRO's TAPM model. 

2. Identify any potential issues associated with the emissions on the 
viticulture in the area, including but not limited to reduction in grape 
yield, quality of grapes, health of vines, and most importantly tainting of 
wine. 

 

3.  Provide the necessary literature/references to substantiate any 
claims. 

 

4.  Critically review the report prepared by AWRI. 

 

5.  The assessment should take into account the location of existing 
wineries and vineyards in the region, as supplied by Connell Wagner. 

 

6.  Reference should be made to the "Revised Air Quality Assessment" 
by Connell Wagner, which is currently being completed and will contain 
all information supplied over the course of your assessment. 

 

Note that a separate report by CSIRO will address general impacts on 
plants 

 

Material provided 

12 I have been provided with, and have read, the following documents: 

 Revised Air Quality Assessment, Connell Wagner Pty Ltd, 18 
April 2008. 



 Letter from Adrian Coulter, of the Australian Wine Research 
Institute, to Dan Pannell, Picardy Winery, Pemberton, dated 14th 
February 2008.  9pp.  While this document is a letter it is referred 
to afterwards as the �AWRI report�, and is presented as 
Attachment 1. 

 Location maps of wineries in Manjimup-Pemberton area, Connell 
Wagner. This is presented as Attachment 2. 

 Victorian Department of Primary Industry publication, 
Understanding the sensitivity to timing and management options 
to mitigate the negative impacts of bushfire smoke on grape and 
wine quality -- scoping study. by John Whiting and Mark Krstic  
2007. 

13 I have also conducted an independent literature search, some of 
which was summarised by my report on the pulp mill. 

14 I am familiar with the Pemberton wine region, and have visited there 
several times. I recognise it as being a relatively cool wine growing 
region, with a reputation for producing quality wines. Being cool, I 
anticipate that flowering will occur in early December, and that 
veraison (commencement of fruit ripening) will occur in early to mid 
January. Harvest will occur about two months later. All of these 
values depend on variety and the relative warmth of the season.  



 

 
FINDINGS OF MY REPORT 
 
A.  Examination of the impact of the potential power station on 
pollutant concentrations in nearby vineyards, and the possibility of 
causing wine taint. 

 

Compounds capable of tainting wine by atmospheric transmission 

 

15 I have included Table 1 below that shows known atmospheric 
pollutants of grapevines and wines, which cause wine taint, with the 
sources noted. 

Table 1 Known atmospheric pollutants of wine. 

COMPOUND SOURCE REFERENCES 
YEAR OF 
INCIDENT/REPORT 

Guaiacol, 4-
methylguaiacol Bushfires Coulter AWRI letter 2008 2003, 2008 
Eucalyptol eucalyptus trees Coulter AWRI letter 2008 2008 
Fluoride power stations Coulter AWRI letter 2008 1999 

Cresols 
copper wire insulating 
factory Coulter AWRI letter 2008 1973 

Phenolic 
compounds 

railway sleeper, 
bitumen factories Coulter AWRI letter 2009 1973 

Phenolic 
compounds chemical plant Coulter AWRI letter 2010 1977 
Polycyclic 
Aromatic 
Hydrocarbons 
PAH 

Packaging, aerial 
contamination Coulter AWRI letter 2011 last 30 years 

Polycyclic 
Aromatic 
Hydrocarbons 
PAH creosote posts Coulter AWRI letter 2012 1984 
organohalogens 
(chlorinated 
phenols) burning wood 

Smart August 2007 pulp 
mill 1982 to present 

 

16 One might expect that in the past with less stringent environmental 
regulations, aerial contamination may have been more common.  
This would seem to be the case for the three references quoted by 
Coulter from �old-style� factories releasing cresols and phenolic 
compounds, which were found to taint wines in the 1970s.  As time 
progresses, environmental regulation becomes more strict.  In 



parallel to this we find advances in instrumental chemistry, and so it 
is now possible to measure trace levels of aerial contaminants that 
was not previously possible.  The studies with eucalyptol and 
guaiacol from bushfire smoke are a case in point. 

17 The AWRI report by Coulter surprisingly did not mention chlorinated 
phenols as aerial contaminants.  His literature search should have 
shown that they are produced by burning wood, as I noted in my 
August 2007 report on the pulp mill. Chlorophenols are now well-
known wine taint compounds, as they have been associated with the 
widespread TCA contamination of wine bottle corks. Chlorophenol 
compounds were a point of concern noted by Coulter with biomass 
burning at the proposed Tamar Valley pulp mill. 

18 It is one thing to state that certain compounds are capable of tainting 
the fruit of grapevines and hence the wine, as does the AWRI report.  
It is another thing to evaluate the concentration of these compounds 
from sources within wine regions, and so identify the potential risk. It 
is of little benefit to simply say that these compounds are known to 
taint wine, as the AWRI report does, without some reference to 
atmospheric concentrations. Some of these compounds with natural 
sources (such as wood burning) are ubiquitous, but at exceedingly 
low concentrations. 

19 Given the lack of research on the uptake of organic compounds into 
grape berries, I will focus on compounds known to taint wines (in 
particular guaiacol), by comparing existing background 
concentrations at times when wine taints have not occurred, with the 
inclusion of the predicted concentration from the biomass power 
station, to their concentration at times when wine taints have 
occurred. 

The proximity of neighbouring vineyards 

20 Attachment 2 shows a map of the region, with the proposed power 
station and selected nearby vineyards. This document was provided 
by Connell Wagner Pty Ltd. According to that document, the closest 
vineyard is called Middlesex 31, and it is around 3.3 km from the 
proposed site.  A total of 9 Vineyards are shown on this diagram, 
which are within a 5 km radius of the proposed site. The majority of 
nearby vineyards are to the north east with some to the south east 
and North West. 

Taint by smoke 

21 The publication by the Department of Primary Industry Victoria 
(Whiting and Krstic 2007) on the impacts of bushfire smoke on grape 
and wine quality presents an extensive summary of the problem.  



Over the last decade, smoke taint of grapes and wine has caused 
concern within the Australian wine sector, and has also been 
reported overseas. There is a heightened risk of bushfire smoke with 
climate change, as is noted by the authors. Two compounds, 
guaiacol and 4-methylguaiacol were found to be key compounds in 
causing smoke taint of grapes and wine, but these are considered 
not to be the only compounds responsible for such taints.  

22 Guaiacol can occur in wine from its maturation in wooden barrels 
which have been �toasted�.  

23 It is an interesting question as to why wine taint by bushfire smoke 
was not known as a major problem before the 2003 bushfires around 
King Valley, Victoria.  After all, bushfires are endemic in Australia, 
and vines have been grown since European settlement in 1788, in 
rural environments.  This situation has not depended on the 
development of methods to analyse smoke compounds in wine, as 
the problem was drawn to the attention of scientists by winemakers� 
sensory analysis of must (crushed grapes) and wine. This issue was 
discussed by the Environment and Natural Resources Committee 
Inquiry into the impact of land management practices on bushfires in 
Victoria, November 2007, see Anon 2007a. It was proposed that the 
difference between the King Valley bushfires and others is in the 
bushfire duration.  For an example, the 2003 bushfires lasted for 68 
days, and smoke haze was recorded for 40 days.  In 2007, the fires 
lasted for 70 days, and there were 60 days recorded with smoke 
haze, including 60 hours with less than 1 km of visibility.  It is 
proposed that the long duration of smoke exposure of the grapevines 
at a sensitive period in midsummer is a prime reason why this 
phenomenon has been recorded as a major issue for the King Valley 
on these two occasions. 

24 The report by Whiting and Krstic (2007) states that wine taint by 
smoke has been reported elsewhere in Australia and also in Canada, 
California and South Africa.  They did not give references to these 
accounts, apart from Pemberton, WA, where it was claimed by 
Kennison 2005 that fires in 2003 and 2004 caused many millions of 
dollars lost revenue. 

25 There was significant damage to grapes and wine in 2006-07 in the 
North East of Victoria, around the King Valley.  Studies show that the 
vineyards which were closer to the fires, and in locations where 
smoke accumulates, had higher levels of smoke taint.  Data 
suggested that the immediate post-veraison period was the time 
when smoke apparently affected wine taint more, although taint could 
occur at other times. Maceration time in the winery increased the 



content of guaiacol, and it was increased further when leaves were 
also macerated. A significant difference between varieties was found 
with Sangiovese among the most sensitive and Shiraz and Merlot the 
least sensitive.   

26 Studies have demonstrated that the smoke taint is contained within 
the skin of the grape (Kuchel 2003) and it has been clearly 
demonstrated that grape berries can absorb smoke taint from the 
atmosphere (Kennison et al., 2007). This occurred with high smoke 
concentrations, estimated at 200 ug/m3 PM10, see Whiting and 
Krstic (2007) p.11. Leaves were also shown to contain taint 
compounds when soaked in water (Kuchel 2003). Limited studies 
have indicated that guaiacol can be translocated within the shoot to 
the berries (Whiting and Krstic, 2007) but this does not prove that it is 
taken up through the leaf and transported to the fruit when vines are 
exposed to smoke. 

27 Experiments by Kennison et al 2007 exposed harvested fruit only to 
smoke, and this caused grape tissue and wine contamination. 
Adsorption of smoke on the grape berry surface may be the major 
means of grape tissue contamination in exposure to bushfire smoke. 

28 Further experiments by Kennison et al 2007a have investigated 
exposure of field Merlot vines to smoke at different times. Vines were 
covered by partially transparent tents, and smoke was blown in from 
burning straw for 20-30 minutes. The concentration was measured at 
around 200 ug/m3 PM10, and smoke was clearly visible in the 
chambers. They found that the uptake of guaiacol and 4-methyl 
guaiacol were highest 6 days after veraison. Significantly, they 
showed that successive application of smoke to the same vines 
demonstrated an ability to accumulate these compounds, compared 
to single applications at different times. Although experimental details 
are sketchy, it is apparent that smoke derived compounds are able to 
accumulate in the fruit during the period of fruit ripening (veraison to 
harvest). 

29 Studies reported by Whiting and Krstic showed that grape 
concentrations of guaiacol varied in the vineyard, with those parts of 
the vineyard nearer the fires (subject to highest smoke concentration) 
had the highest levels. 

30 The Whiting and Krstic 2007 report shows that grape tissues may 
contain up to 60 µg/kg, and, depending on variety, this may be 
concentrated up to over eight-fold during fermentation for Shiraz, 
again dependant on variety. Guaiacol levels can be up to almost 400 
µg/L in wine. They present no data on guaiacol concentrations in 



bushfire smoke. I have been unable to find such data in an 
independent literature search. 

31 As comprehensive as the Whiting and Krstic 2007 report is, they 
provide no evidence of a relationship between atmospheric 
concentrations of smoke, and duration of exposure, and grape (or 
wine) concentrations of smoke taint compounds. In fact they list a 
lack of understanding of how grape berries accumulate smoke 
compounds, and the relationship to atmospheric concentrations and 
duration, as further research which is required. I have discussed this 
issue with one of the authors Mark Krstic, and he stated that he was 
frustrated in his preparation of the report by the same lack of 
information as I refer to above. I have contacted Kristen Kennison of 
WA Department of Agriculture and Food, WA, and she tells me that 
she has conducted experiments to try to separate effects of leaf and 
fruit uptake of smoke in 2007-08, but that results are not yet 
available. She is not aware of any studies correlating atmospheric 
smoke concentration and duration with contamination of grape 
bunches. 

32 One can conclude from the above literature that grapevines are most 
susceptible to smoke taint around veraison, and that smoke taint is 
more likely when smoke is present in very high concentrations 
(associated with greatly reduced visibility, of less than 1 km) for 
extended periods of time, of the order of 3 days or more.  

33 I will focus on compounds known to taint wines (in particular 
guaiacol), by comparing existing background concentrations at times 
when wine taints have not occurred, with the inclusion of the 
predicted concentration from the biomass power station, to their 
concentration at times when wine taints have occurred. 

On ground concentrations of guaiacol around the proposed power station 

34 An analysis for guaiacol is considered sufficient to represent all 
compounds (many are chemically related to guaiacol) which are 
known wine taints from wood smoke. 

35 Table 2 shows the annual average concentration of guaiacol in 
micrograms per cubic metre modelled by Connell Wagner 
(reproduced in) around the proposed power station.  There are nine 
vineyards shown on the map, and they are exposed to the above 
range.  

 

 



Table 2  Maximum expected guaiacol ground level concentrations, based on 
PM2.5 peak GLC.  

GLC (ng/m3) Annually Averaged 
Biomass Power Station 0.01 
Manjimup Background 0.13 
Victorian Bushfire 0.65 (*) 
(*)  Averaged over the exposure period (bushfire duration) 

 

36 The concentration of guaiacol during the Victorian Bushfire event 
corresponded to an accumulation of guaiacol in grapes of up to 
45µg/kg in cabernet sauvignon grapes.  Given the relationship 

between guaiacol concentrations in air as shown in Table 2 and the 
corresponding accumulation in grapes, the predicted concentration in 
grapes with background guaiacols levels in Manjimup is 9µg/kg.  The 

taste threshold of detection in grapes is published to be 5.7 µg/kg 

(Krstic and Whiting, 2007), while some wineries typically do not 
process grapes with concentrations between 2-6µg/kg. Given taints 

are not apparent in wines produced in this region for the most recent 
vintages with the predicted level of guaiacol in grapes indicates that 
there is a threshold concentration of guaiacol in air before which 
accumulation of this compound in grapes is reduced. This is 
indicative of a non-linear relationship between the rate of 
accumulation of guaiacol in grapes and the concentration of guaiacol 
in air. Taints are not apparent despite background variation of upto 
50% in PM2.5 concentrations in air monitored in Manjimup. 
Background concentration of PM2.5 considers sources other than 
biomass burning, hence the predicted concentrations of guaiacol are 
extremely conservative. Given this uncertainty, I recommend 
measuring guaiacol concentrations in grapes concurrent with ambient 
air concentrations of PM2.5 in vineyard. 

37 The predicted concentration of guaiacol from the emissions of the 
biomass power station alone are well within the variation in 
background concentrations in Manjimup. Therefore the accumulation 
of guaiacol in grapes is very unlikely to be effected by emissions of 
this compound from the power station.  

38 When vineyards have been contaminated by bushfire smoke, the 
bushfire smoke is present for an extended period in the vineyards, 
over several weeks, see Whiting and Krstic (2007).  Visibility is often 
less than 1 km. The period just after veraison (which occurs around 
Christmas, but depends on variety and region) is apparently a time 
when grape berries absorb the most guaiacol from bushfire smoke, 
but they continue to do so over longer periods (Kennison et al. 
2007a?).  Smoke is visible in the vineyards when contamination 



occurs.  This suggests that the smoke must be present at high 
concentrations for an extended period of time to cause contamination 
of the grapes. 

39 The concentration of PM10 corresponding to �visible� smoke from 

bushfires can be estimated from data presented by Anon (2007).  
Minimum visibility of less than 1.0 km was associated with PM10 
values of over 200 ug/m3. Further, good visibility of 20 km is 
associated with PM10 value of 50 ug/m3; both are stated air quality 
objectives. From this data, we can conclude that the reduced visibility 
of < 1km which corresponds to conditions leading to smoke taint of 
wine corresponds to PM10 values of > 200 µg/m3, and that these 

conditions must persist for several days. The WA experiments on 
smoke taint used smoke with PM10 of around 200 µg/m3, see 

Whiting and Krstic (2007) p.11, with 60 minutes exposure (Kennison 
et al, 2007). 

40 A PM10 value of > 200 ug/m3 is greatly in excess of annual values 
predicted for PM10 concentrations around the proposed power 
station, see Table 3 as predicted by Connell Wagner. Therefore 
smoke should not be visible on the ground originating from the stack.  
This further supports the point of view that vineyards which are at the 
closest 3.3 km from the proposed smokestack will not be 
contaminated by guaiacol and related compounds emitted from the 
site. 

Table 3 Maximum Predicted PM10 concentrations.  

Maximum Cumulative Predicted Ground 
Level Concentration (ìg/m3) 

24-Hour Average 

 
PM10 

23.5 

41 I conclude, given that aerial guaiacol concentrations are so very 
much lower than those at the sensory threshold in wine, and that 
there is no evidence for smoke contamination of grapes and wine in 
the absence of visible smoke, that the proposed power station should 
cause no smoke contamination of grapes and wine. 

Polycyclic aromatic hydrocarbons PAH 

42 AWRI (Coulter) mention PAH as compounds which will be released 
from the biomass power generating station which have a potential 
impact on local vineyards and wineries. Coulter stated that PAH have 
a sensory threshold in the �low ug/L range�, so I will assume 1 ug/L. 

Coulter presents literature to suggest that PAH�s can contaminate 

vegetation from aerial sources. No data is presented as to 
atmospheric concentrations of PAH�s leading to potential wine taint. 



43 Table 4 shows the results of modelling by Connell Wagner for PAH. 
The annually averaged maximum concentration for GLC near the 
proposed power station is 0.99 ng/m3, 0.00099ng/ L, or 
0.00000099ug/L. This is one-millionth the sensory threshold stated 
above. 

Table 4 Maximum predicted ground level concentrations of 
PAHs over a one hour averaging period.  

GLC (ng/m3) Annually 
Averaged 

PAHs 1.0 

44 Based on the atmospheric values being about 6 orders of magnitude 
(1/1,000,000) less than the sensory threshold in wine, it is difficult to 
imagine that PAH emissions will impact on grapes or wine. I have no 
data on whether PAH compounds in the atmosphere can accumulate 
in the grape with continued exposure. 

45 This conclusion is supported by comparing the current level of PAHs 
emitted in the Shire of Manjimup, noted by Coulter as 
3,115kg/annum, compared with that from the proposed power station 
of 74kg/annum. 

 

Chlorophenols 

46 Chlorophenols (generically organohalogens) are widespread in the 
environment and while most would say they are anthropogenic in 
origin, cases have been made for their presence due to natural 
combustion as in forest fires.  One reason for their being so 
widespread is their efficiency as biocides.  Since the 1930s the 
pentachlorophenol PCP has been widely used as preservative of 
wood and leather etc and are important constituents of herbicides, 
fungicides and insecticides and even household disinfectants.  These 
products have been now banned in some countries.  

47 Chlorophenols are also formed by industrial emissions including 
combustion of municipal waste, wood, coal and natural gas. 
Inorganic chloride in the substrate is combined with phenols. 
Chlorophenols have been shown to be produced in domestic wood 
burning fireplaces, and are of course produced by forest fires. 
Chlorophenols are the chemical precursor of dioxins and furans 
which are formed during combustion, and from this point of view have 
been well studied. Chlorophenols can be present in food and even in 
drinking water, as in Sydney. 

48 Investigations of food and wine taints have shown that chlorophenols 
may originate from products treated with chlorophenols as 



preservatives, for example the wood of pallets or shipping container 
floors, or of winery walls.  They can also be found in packaging 
materials like cardboard and paper. 

49 Chlorophenols are subject to a series of physical, chemical and 
biological transformations in the environment. Their fate and 
transport depends on processes of sorption, volatilization, 
degradation and leaching.  In the atmosphere chlorophenols are 
degraded by hydroxyl attack and photolysis.  Atmospheric levels of 
chlorophenols are typically very low.  For example measurements 
made in Portland, Oregon in 1984 showed average concentration 
during rain events to be 0.02 parts per trillion for trichlorophenols. 

50 Chlorophenols and in particular trichloroanisole TCA have been 
recognized since 1982 as a major cause of cork taint in bottled wine. 
Cork contamination with chlorophenols has been associated with 
spraying trees with insecticides containing these pentachlorophenol 
PCP. Shipping containers have also been found to be the source of 
contamination of champagne corks. 

51 More recent research has identified other chlorophenols which can 
be involved in wine taint especially 2, 4, 6 �TBA  (tribromoanisole). 
French researchers have shown that TBA comes from TBP which 
was used to treat wood in the winery, or wooden barrels.  The winery 
environment in this instance is the cause of wine taints, not the corks. 
There have been studies of other chlorophenol compounds at the 
Australian Wine Research Institute (�AWRI�) relating to chemical or 

plastic taints involving 2,6-DCP.  In one instance this taint has been 
traced to a contaminated wine additive which was perhaps picked up 
in transportation in a container with wooden floors. 

52 The sensory threshold value in wine was determined by AWRI 
experiments. For the 8 chlorophenols investigated in a Chenin Blanc 
white wine, the panel average best estimate threshold ranged from 
32 to more than 296 ng/L. 

53 Table 5 shows the annual averaged values, predicted by Connell 
Wagner, for the worst case scenario of total chlorophenol 
concentration around the proposed power station, with a maximum of 
2.3 pg/m3. 

Table 5 Maximum expected chlorophenol ground level 
concentrations, based on PM10 emission rates and peak GLC.  

GLC (pg/m3) Annually Averaged 
Chlorophenols 2.3 

54 Therefore, the lowest threshold concentrations in wine (32 ng/L) is 
much, much higher than the maximum predicted ambient 



atmospheric concentration of 2.3 pg/m3, which is equivalent to a ratio 
of over 16 million. While no information is available on the extent to 
which chlorophenols may be absorbed and concentrated in the juice 
of the grape, and perhaps during fermentation, such a bio-
concentration effect seems most unlikely, if not impossible.  

55 I am unaware of any studies showing that chlorophenols which taint 
wine have grape origin.  I have been unable to find any references to 
a grape source of chlorophenols. 

Biomass Power Plants worldwide 

56 Attachment 3 consists of maps of some of the world�s wine regions, 

showing the locations of biomass power plants. This information has 
been collected by Connell Wagner. I requested it since I was 
unaware of any reports of biomass power plants causing any 
problems with taint in international wine regions. 

57 The regions presented are California, Chile, France, Italy, Germany, 
Portugal, Washington and Oregon. For each map there are power 
plants in wine regions: 

 In California, there are power plants at marked points 4,7,9 and 
14 which are all within demarcated wine regions, with additional 
power plants (1,3,15 and 16) in the broad Central Valley wine 
regions that is not extended southwards in the map sourced from 
Kobrand Corporation. Many others are located in horticultural 
regions where agricultural waste is used as fuel for the power 
station to improve regional air quality. 

 In Washington, two (1,4) power stations are in wine regions. 

 In Oregon, two (1,3) power stations are in wine regions. 

 In Chile there is a power plant in the Bio Bio wine region.  

 In France, there are two biomass stations mentioned, with one (2) 
located in a wine region. 

 Most of Germany�s power stations are in the north, but there are 

two (2,7) in or very near wine regions.  

 In Portugal, both Biomass power stations are in wine regions. 

 In Italy, one power station (4) is located in a wine region. 

58 I have been unable to find reference to any biomass power plants 
causing pollution problems in adjacent vineyards. 

Conclusions 

59 Based on the above analyses, there is no evidence to suggest that 
atmospheric emissions from the proposed biomass power station will 



cause taint of wine in neighbouring vineyards and wine.  The 
predicted atmospheric values of guaiacol, PAH and chlorophenols 
are so low as to be orders of magnitude lower than threshold sensory 
concentrations in wine. 

60 In my analysis of the potential impact of the Tamar Valley pulp mill 
(SmartVit, 2007), I was able to relate to the location overseas of 
similar type of pulp mills in or near vineyard regions.  These mills 
have operated with no apparent effect on vines or wines in those 
regions. Connell Wagner has presented me with maps of some 
overseas wine regions where biomass power generators are known 
to occur in the vicinity of vineyards. I have been unable to find any 
evidence of problems arising from biomass power stations on 
adjacent vineyards. 

  

B.  Any other issues associated with emissions and neighbouring 
vineyards, including yield, quality of grapes and health of the vines. 

61 I have not seen nor heard of recent evidence of any effect of 
emissions on grapevine yield, grape quality and vine health. Prior to 
the recent bushfire studies in Australia, I knew of only one instance 
where grapevines were known to be affected by atmospheric 
pollution.  I became aware of this when a graduate student at Cornell 
University NY in the early 1970s.  Apparently vineyards beside the 
New York State Expressway were known to be affected by lead 
emissions from motor cars.  With a reduction in the use of leaded 
fuels this ceased to be a problem. I have been unable to find such 
references of aerial pollution effects on grapevines in literature 
searches. I discussed grape taints above.  

 

C.  Critically discuss the AWRI report. 

62 The �report� prepared by Coulter of the Australian Wine Research 

Institute appears to be a response to a request for information from a 
client.  In my opinion, the report contains several major deficiencies.  

63 Firstly while it discusses a number of chemical compounds which 
have been known to taint wine, there is no evidence given of the 
atmospheric level of pollutants and duration of exposure.  It is 
therefore very difficult from this report to assess the likelihood of taint 
problems.  The approach of the report is almost to say that because 
a certain compound is known to taint wine, and because this 
compound is emitted from a source like the biomass power station, 
then it follows that will be a problem.  This is indeed a questionable 



approach.  For example chlorophenols which are known to taint wine 
are ubiquitous in the atmosphere, but at very low levels. 

64 Another omission by Coulter was that of chlorophenol taints.  He 
appears to be unaware that they are created by burning of biomass. 

65 Coulter�s description of the potential of aromatic hydrocarbons to taint 

wines is in very general terms.  He does not specifically list which 
aromatic hydrocarbons taint wine, and what are the threshold levels.  
Further, he presents no evidence that PAH have been known to taint 
wine through atmospheric contamination. 

66 Coulter states that the increased truck movements to the biomass 
plant will cause the release of PAH into the environment and could 
taint vineyards near the roads.  This would appear to be an 
extravagant claim.  If this were to be the case then surely PAH 
contamination of vineyards near highways (with many, many more 
vehicle movements) somewhere in the world would have been 
documented.  While Coulter�s report is well referenced, it appears to 

be written with a bias against the power station. I have seen no 
evidence in his report that the proposed biomass power station would 
contaminate grapes and wine from neighbouring vineyards. 

 

Dr Richard Smart 

 

18 April 2008 
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14 February 2008

Picardy Winery
PO Box 477
Pemberton   W.A.   6260

Attention: Mr Dan Pannell

Dear Dan,

Thank you for your enquiry regarding wine taints, in particular: 1) the existence of any 
evidence that might link atmospheric emissions and wine taints; and 2) the possibility of 
atmospheric emissions from the proposed WA Biomass Pty Ltd Power Plant at Diamond Mill, 
Manjimup, tainting vineyards in the vicinity. I provide the following information in response 
to your query:

1) Aerial contamination and atmospheric emissions as sources of taint in the food 
industry

Introduction

Over the past 30 years, the Australian food industry (including the wine industry) have 
experienced, and continue to experience, many cases of taint. Isolated incidences of wine and 
juice taint are investigated by the AWRI every year, however, occasionally a major taint 
problem is encountered by a winery that might affect a day’s or week’s production, or 
possibly a whole season’s harvest. Such a problem usually results in serious economic loss to 
the winery and if the problem is not discovered before bottling and distribution, serious 
damage to the brand image might also be experienced. Indeed, the reputation of the whole 
Australian wine industry could suffer if a contaminated wine was to reach consumers in 
overseas markets.

Aerial contamination

In many wine industry taint cases, investigations have revealed that the taint occurred as the 
result of contamination due to airborne chemicals including halogenated phenols, halogenated 
anisoles, ethylphenols, cresols and aromatic hydrocarbons including naphthalene and
substituted naphthalenes (Chatonnet et al. 2004, Del Re et al. 1977, Strauss et al. 1985, 
Tanner and Sandoz 1973). In fact, the tainting of food (and materials contacting food) due to 
aerial contamination has been, and continues to be, a major source of concern to the food 
industry (Anon 2007, Coulter et al. 2008, Whitfield 1983).

Compounds such as guaiacol and 4-methylguaiacol have contributed to the tainting of grapes, 
and subsequent wines, due to exposure of vineyards to smoke from bushfires (Anon 2003, 
Kenninson et al. 2008a, Kenninson et al. 2008b, Simos 2008). In addition, the results of 
recent work conducted by the AWRI suggested that Eucalyptus trees could contribute to the 
1,8-cineole (eucalyptol) found in red wines (presumably due to aerial contamination of the 
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vineyard), and might even be the principle source of this compound (van Leeuwen et al. 
2008).

In 1999 a study of Fluoride Monitoring in Grape Vine Leaves was conducted by HLA-
Envirosciences Pty Limited, as reported by the New South Wales Government Hunter New 
England Area Health Service (Anon 2005). One particular vineyard in the study, which was 
16 km from one of the Hunter Valley’s power plants and that was aligned with a SE/NW 
wind axis, exhibited higher fluoride concentrations in grape leaves than other vineyards. Anon 
(2005) indicated that a study conducted by the Environmental Protection Authority (EPA) 
showed that the valley “tends to channel wind so that prevailing SE and NW winds carry 
pollutants along the valley in regional drainage flows that may be up to several hundred 
metres deep.” The EPA study also indicated that episodes of local elevated concentrations of 
pollution occur with stable weather and light winds and with temperature inversions.

Moret et al. (2000) investigated the contamination of grapeseed oil with polyaromatic 
hydrocarbons (PAHs).  These authors reported that the PAH contamination could be traced 
back to exposure of the pomace (containing grape seeds) to vehicle exhaust gases when the 
pomace was amassed in the open during the drying process.

Atmospheric emissions as sources of taint

Tanner and Sandoz (1973) conducted investigations into the cause of phenolic taints in wines 
from central Switzerland. These authors established a direct link between the proximity of 
vineyards to a copper wire insulating factory and the presence of phenolic taint compounds in 
the tainted wines. Air samples taken at 80 m and 300 m from the factory were determined to 
contain 50 μg of cresols (phenolic compounds) per m3 and 25 μg of cresols/m3, respectively.
Both m-cresol and p-cresol were detected in the tainted wines. Note that Dietz and Traud
(1978) indicated that the taste thresholds of m-cresol and p-cresol in water (18–22°C) were 
both 2 μg/L. Tanner and Sandoz (1973) obtained similar findings for other contaminated 
wines made from grapes sourced from vineyards in an industrial area near Veltlin, 
Switzerland. In these cases the vineyards were either near a railway sleeper processing factory
or a bitumen factory. The authors concluded that wines could become tainted due to pollution
of vineyards from nearby factories emitting phenolic compounds into the atmosphere.

Del Re et al. (1977) conducted an investigation into wines produced in Valtellina, a premium 
wine region of northern Italy that exhibited phenolic taints. These authors established a 
relationship between the contaminated wines and the activities of a chemical plant located in 
the proximity of the vineyards where the grapes were collected for winemaking. The 
compounds phenol, 3-ethylphenol, 4-ethylphenol, 3,4-dimethylphenol and 2,5-
dimethylphenol were determined to be in the vapours generated from resins produced in the 
chemical plant, and in air samples collected in the area surrounding the plant. These 
compounds were also detected in the air at a vineyard located 700 m from the chemical plant. 
Commercial wines produced in Valtellina during the years 1970–1974 exhibited phenol 
concentrations of up to 156 µg/L, 2,5-dimethylphenol concentrations of up to 182 µg/L, and 
total ethylphenol concentrations of up to 743 µg/L. ‘Sforzato’ wines, made with grapes left on 
the vine to dry, were generally characterised by higher levels of these phenolic pollutants. 
Del Re et al. (1977) concluded that the phenolic taints observed in the wines in the region 
were due to industrial air pollution.
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In one particular food industry taint case, biscuits became aerially contaminated with the 
chlorophenol compound 2-chloro-6-methylphenol, commonly known as 6-Chloro-o-cresol
(6CC). The taint was linked to the presence of two agrochemical plants within an 8 km radius 
of the biscuit factory where the 6CC was an impurity in a particular herbicide. It was found 
that trace quantities of 6CC were carried towards the biscuit factory when the wind was 
blowing in the right direction. The relatively high fat content of the biscuits acted as a solvent 
for the airborne 6CC contaminant as the biscuits emerged from the oven (Griffiths and Land 
1973, Mottram 1998).

In another food industry taint case involving soft drink contamination, the taint (suspected to 
be mainly due to 6CC) was deduced to be due to the airborne contamination of the empty 
drink cans stored in a warehouse situated near an agrichemical plant. When the wind blew 
from the direction of the plant towards the warehouse, volatile impurities (chlorophenols) 
were blown into the warehouse where they were sorbed onto the surfaces of the exposed cans
(Whitfield 1983).

Aromatic hydrocarbons

Over the past 30 years, the AWRI has investigated numerous wines and juices that have been 
affected by taints described by tasters using terms such as “plastic”, “styrene”, “mothballs”, 
“naphthalene” and “chemical”. Many of these taints were determined to be due to the 
presence of aromatic hydrocarbons such as benzene, toluene, ethyl-, methylethyl-, propyl- and 
trimethyl-benzenes, xylene isomers, naphthalene and methylnaphthalenes. These aromatic 
hydrocarbons have typically been determined to be present in tainted wines at concentrations 
in the low microgram per litre (μg/L), i.e. parts per billion (ppb), range.  Typically, they are
inadvertently introduced into wine from contaminated additives and packaging materials; by 
aerial contamination from spillages and residues; from the use of unsuitable storage 
containers or equipment; or from accidental contamination by petroleum products such as 
hydraulic oils. However, the AWRI is often unable to determine the origins of aromatic 
hydrocarbon taints and contaminations in wines.  Polycyclic aromatic hydrocarbons (PAHs) 
such as anthracene and phenanthracene have also been detected in tainted wines.  In such 
cases, the contaminations were thought to be due to the accidental addition of petroleum
products.

In one extensive study conducted by the AWRI, the influence of creosote-crudded posts on 
the levels of PAHs in wines and juices was investigated.  The investigation was conducted to 
determine if such posts might have been a source of PAHs that had previously been observed 
in tainted juices. It was concluded that there was no evidence to suggest that migration of 
creosote PAH’s from trellis to fruit and wine occurred, except under exceptional 
circumstances where posts were heavily covered in crud (creosote excudate) and the fruit was
machine harvested. This study also found that there was a “background level” of PAHs in 
wines.  However, the origins of the trace hydrocarbons were unknown (Anon 1984).

2) Atmospheric emissions from the proposed WA Biomass Pty Ltd Power Plant at 
Diamond Mill, Manjimup and the possibility of tainting

Based on information contained in the Public Environmental Review document, EPA 
Assessment No. 1707, January 2008 (Anon 2008), the gaseous emissions from the proposed 
Power Plant will contain chemicals that might be capable of affecting grapevines and which 
are known to be capable of contaminating or tainting juice and wine. As discussed above, 
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volatile organic compounds (VOCs) such as benzene, ethylbenzene, toluene, styrene, xylene 
and halogenated phenols and anisoles, as well as aromatic hydrocarbons and PAHs, are 
capable of tainting wines. However, the potential for such compounds to aerially contaminate 
vineyards and wineries in the vicinity of the proposed Power Plant will depend on a number 
of factors, including the ability of grapes and grapevines to absorb and/or adsorb the 
compounds, the concentrations emitted by the Power Plant and the prevailing atmospheric 
conditions when the compounds are emitted.

In a discussion of the annual emissions from the proposed Power Plant, Anon (2008) 
indicated that PAH emissions “will be a significant contributor when compared to that of the 
Shire of Manjimup”, and provided a figure of 1,000 kg of PAHs per year as an estimate of the 
Power Plant’s annual emission rate (compared with approximately 3,115 kg for the Shire of 
Manjimup).  Of the other pollutants identified in the review, Anon (2008) indicated that other 
sources of emissions would be greater contributors to pollution than the proposed Power 
Plant, or in the case of dioxins and furans, “no significant emissions noted”. Therefore, the 
author has largely limited the discussion below to PAHs. However, it is possible that the other 
pollutants identified in the Public Environmental Review document may also have an effect 
on vineyards, and wines produced from them, in the vicinity of the proposed Power Plant.

Can PAHs aerially contaminate vineyards?

Edwards (1983) conducted a review of more than 30 papers that addressed the fate of PAHs 
in the terrestrial environment and which investigated the concentrations of PAHs in more than 
40 different types of plants.  Edwards (1983) made a number of conclusions based on the data 
and the research reviewed, including the following:

• plants with broad leaves contain more PAHs than plants with narrow leaves, indicating a 
possible correlation between leaf surface area and direct absorption from the atmosphere;

• most PAH contamination of vegetation is by direct deposition from the atmosphere;
• washing with water is not a very effective method for removing PAHs from contaminated 

vegetation;
• some terrestrial plants can take up PAHs through their roots and/or leaves and translocate 

them to various plant parts;
• uptake rates are dependent on PAH concentrations, solubility, phase (vapour or 

particulate), molecular size, support media anchoring the plants, and plant species;
• PAHs may concentrate in certain plant parts more than in other parts; and
• PAHs emitted from power plants may be spread over long distances.

Further, Edwards noted that “although much more research is needed, a consensus would 
suggest that PAH’s can enter the food chain by contamination of vegetation.” More recent 
work has supported this statement and most investigators now consider that the most 
important route of contamination of plants with PAHs is via atmospheric exposure of plants to 
PAHs (Phillips 1999, Tao et al 2003, Wu et al 2004, Wild and Jones 1992). If this 
information is considered in combination with the results of the work discussed briefly above 
(Anon 1984, Anon 2003, Del Re et al. 1977, Kenninson et al. 2008a, Kenninson et al. 2008b, 
Simos 2008 and Tanner and Sandoz 1973), which showed that vineyard exposure to 
chemicals resulted in the presence of those chemicals in wine produced form the vineyards, 
then it is considered likely that exposure of a vineyard to PAHs has the potential to 
contaminate or taint wine made from the grapes sourced from the vineyard.  However, 
research would be required to determine how much exposure to PAHs a vineyard would 
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require such that current analytical instruments and methods could detect a measurable 
amount, or a measurable increase in the PAH concentration in the grapes, grape juice or wine 
produced from the grapes sourced from the vineyard.

In the Public Environmental Review document, Anon (2008) indicated that approximmately 
3,115 kg of PAHs are emitted in the Shire of Manjimup each year. It is therefore possible that 
vineyards within the Shire have previously been exposed to PAHs and that wines produced 
from those vineyards might contain a background level of PAHs.  If this is the case, then any 
further increased exposure of the vineyards to PAHs, as might occur as a result of the 
emissions from the proposed Power Plant, may increase the risk of any background level of 
PAHs exceeding the sensory threshold in the wine made from the fruit from those vines. In 
should be noted that any increase in atmospheric concentration of other pollutants, such as 
VOCs, may also increase the background levels of those pollutants in exposed vineyards.

Diesel vehicle emissions are another source of VOCs and PAHs

The Connell Wagner Development Application (Anon 2007) indicates that the Power Plant
will require an estimated 1200 tonnes of fuel per day.  The fuel will be transported by trucks 
to the Power Plant and it is expected that there will be approximately 34 deliveries per day, 
six days a week (Anon 2007). It is well known that the combustion of fossil fuel releases 
PAHs into the environment (Edwards 1983, Phillips 1999).  A study into the toxic emissions 
from diesel vehicles in Australia showed that emissions from diesel vehicles included 
aromatic hydrocarbons such as benzene, toluene, xylenes and naphthalene, as well as PAHs 
such as anthracene and phenanthrene (Anyon et al. 2003).  All of these compounds are 
capable of tainting wine and it is likely that they can be taken up by grapevines.

The trucks  required to deliver fuel to the Power Plant would be another source of VOC and 
PAH emissions, which do not appear to have been considered in the Connell Wagner 
Development Application (Anon 2007).  The VOCs and PAHs emitted by the trucks might
increase the background levels of these compounds in vineyards in the vicinity of the Power 
Plant.  In addition, if there are any vineyards close to the roads travelled by these trucks, then 
it is likely that emissions from these trucks would increase the background levels of VOCs 
and PAHs in those vineyards.

Occupational Safety and Health limits vs tainting levels

Unfortunately, the chemicals responsible for taints in wines are frequently very potent, having 
very low odour and taste thresholds, and consequently are often present at exceedingly low 
concentrations in affected wines.  As indicated above, the aromatic hydrocarbon compounds 
found to be responsible for wine taints have typically been present in tainted wines at 
concentrations in the low microgram per litre (μg/L), i.e. parts per billion (ppb), range (note 
that one part per million, or ppm, is 1000 ppb).  For example, in one investigation conducted 
by the AWRI, tasters observed a ‘plastic/mothball-like’ taint in a wine that was determined to 
contain 5 µg/L of xylene, 5 µg/L of naphthalene and 3 µg/L of methylnaphthalene.  Note that 
Young et al. (1996) reported that the aroma threshold of naphthalene in water is 6 µg/L (6 
ppb).  However, the National Occupational Health and Safety Commission (NOHSC)
guidelines indicate an TWA (eight-hour time weighted average) exposure limit for 
naphthalene in the workplace of 10 ppm (52 mg/m3) and an STEL (short-term exposure limit: 
15 minutes) as 15 ppm (79 mg/m3) (Anon 2001). That is, the NOHSC exposure limit 
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guidelines for naphthalene are approximately 1000 times higher than the level that would 
cause a ‘mothball-like’ taint in wine. Hence, whilst a prediction of the ground level 
concentration of naphthalene might be well within national health and safety criteria, it could 
be far greater than the concentration required to cause a taint in wine.  However, the 
relationship between exposure of a vineyard to aromatic hydrocarbons and the resulting 
concentration of those aromatic hydrocarbons in wine produced from that vineyard is not 
known.

Summary

• The proposed Power Plant will emit chemicals that are capable of tainting juice and wine, 
in particular, PAHs.

• The Power Plant will be a significant contributor to the annual PAH emissions in the Shire 
of Manjimup, emitting approximately one third of the total amount currently emitted in 
the Shire.  

• The Power Plant will effectively be a relatively large ‘point source’ emitter of PAHs.
• Evidence exists indicating that vineyards are capable of becoming contaminated due to 

exposure to air pollution and that wines produced from such vineyards contain 
contaminants originating from the pollution.

• Plants can become contaminated via atmospheric exposure to PAHs.
• Background levels of PAHs have been detected in juice and wine, suggesting that 

grapevines may be susceptible to PAH contamination.
• Grapevines may be particularly susceptible to atmospheric contamination by PAHs due to 

the high surface area of grapevine leaves, which may be exposed to the atmosphere for up 
to six months before the grapes are picked.

• The estimated increase in truck traffic of 204 journeys to the Power Plant per week might
contribute to a further increase in aromatic hydrocarbon and PAH emissions, which may 
particularly affect any vineyards close to the roads travelled by these trucks.

• The levels of aromatic hydrocarbons and PAHs required to cause a taint in wine might be 
considerably lower than the maximum safe levels specified by health and safety 
authorities.

Given that the proposed Power Plant will emit chemical compounds that are likely to be 
capable of contaminating vineyards, then depending on the concentrations emitted and the 
prevailing atmospheric conditions, there could be potential for those compounds to aerially 
contaminate vineyards and wineries in the vicinity of the proposed Power Plant.

Best Regards,

Adrian Coulter BSc (Chem), GradDip(Oen)
Senior Oenologist—Industry Services
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Biomass Power plants Relative to Wine Growing Areas California  
 

1. Dinuba Energy , Dinuba 

2. Colmac Energy, Mecca  

3. Madera Power, Firebaugh 

4. Tracy Biomass, Tracy 

5. Rio Bravo Rocklin, Roseville 

6. Sierra Pacific, Quincy 

7. Soledad Energy, Soledad (13.5 MW) 

8. Burney Mountain Power, Burney 

9. Jackson Valley Power  

10. Big Valley Power 

11. Fairhaven Power Co, Fairhaven (15.2 MW) 

12. Wheelabrator Hudson Energy Co, Anderson (5.8MW) 

13. Lincoln Facility, Lincoln (2.13 MW) 

14. Diamond Walnut, Stockton (3.9 MW) 

15. Mendota Biomass Power Limited, Mendota (24.7 MW) 

16. Delano Energy Company Incorporated, Delano (21.5 MW) 

17. Woodland Biomass Power Limited (24.5 MW) 

Source: Kobrand Corporation  
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Biomass Power Plants Relative to Wine Growing Areas - Oregon 
 

1. Biomass One L P,  White City (13.2 MW) 

2. Co Gen LLC, Grant (6.8MW) 

3. Co-Gen II LLC,  Douglas (6.8 MW) 

 
Source: Wine and Food Society of Clark County Washington 

http://www.clarkcountyfoodandwine.org/images/maps/oregon_AVAs_jan2006.jpg  

 

http://www.clarkcounytfoodandwine.org/images/maps/oregon_AVAs_jan2006.jpg


 
 
Biomass Power Plants Relative to Wine Growing Areas - Washington 
 

1. Everett Cogen, Everett (36MW) 

2. Washington Veneer, Okanogan (1.4MW) 

3. Gorge Energy Div SDS, Bingen (5MW) 

4. Aberdeen (16MW) 

 
Source: Food and Wine Society of Clark County  

http://www.clarkcountyfoodandwine.org/northwest/index.shtml  
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Biomass Power plants Relative to Wine Growing Areas � France 
 

1. Unilin, Bazeilles Champagne-Ardenne France 62 MW 

2. Autun 8 MW 

Source: Kobrand Corporation  
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Biomass Power Plants Relative to Wine Growing Areas - Germany 
 

1. Stadtwerke Neustrelitz GmbH, Neustrelitz, 6.5MW 

2. Plambeck Neue Energie, Silibitz 

3. Biomasseheizkraftwerke Delitzsch GmbH, Bischofferode, 20MW 

4. STEAG Saar Energie GmbH, Ilmenau 

5. Biomasse Rhein-Main GmbH, Wicker, 14.8MW 

6. STEAG Saar Energie GmbH, Grossaitingen, 5.1MW 

7. Biotherm Baden GmbH & Co KG, Baden, 5.2MW 

8. Kirchmoser  

9. SFW GmbH, Werl 0.5MW 

10. Biomassekraftwerk, Lünen, 20MW 

11. Wismar 

12. Fernwarme Ulm GmbH, 9.6MW 

13. Dusseldorf  

14. BVA Hagen-Kabel GmbH, 20MW 

15. VEAG, Jänschwalde 

16. VEAG, Lübbenau  

17. Bayernwerke, Zolling  

18. EnBW, Heilbronn  

19. Stadtwerke, Pforzheim  

Source: Kobrand Corporation  
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Biomass Power plants Relative to Wine 

Growing Areas � Italy 
 

1. Carlo Gavazzi, Italy for Bando d�Argenta (2×43.6 MW) 

2. Carlo Gavazz, Italy for Crotone (43.6 MW) 

3. Euroenergy Group, Cutro (14 MW) 

4. Gruppo EnerTAD, Terni (10 MW) 

Source: Kobrand Corporation  
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Biomass Power plants Relative to Wine Growing Areas - Portugal 
 

1. Enenova, Mortagua 9MW 

2. Altri SGPS SA, 11MW  

Source: Kobrand Corporation  
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Biomass Power Plants Relative to Wine Growing Regions � Chile 
 

1. AES Gener, Laja 8.7 MW Cogeneration Plant 

Source: Kobrand Corporation  
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