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Abstract: Theory and experience emphasize that science communications between experts and nonex-

perts should be dialogue, not monologue.  This principle guides a nanotechnology outreach program at the 

University of South Carolina which enables the participants to express their values and concerns to experts, 

and to question them.  It is intended that the knowledge and confidence generated by this program will en-

hance the participants’ ability to have active and constructive roles in nanotech policy. 
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Introduction 

In December 2003, the U.S. National Science 
Foundation convened a workshop on societal im-
plications of nanotechnology.  Three troubling 
themes arose: (1) that public awareness of 
nanotechnology was almost nonexistent; (2) that 
polarizing visions of nanotech were well estab-
lished, and would dominate the ideological land-
scape in lieu of balanced or centrist visions; and, 
(3) that communications regarding nanotechnol-
ogy must not be one-way messages from experts 
to nonexperts, but should be dialogues in which 
nonexperts can question the experts and express 
their values and concerns. 

A group of researchers at the University of 
South Carolina has been concerned about techno-
logical determinism, i.e., that nanotechnology 
might change our lives without any consideration 
for the values or concerns of consumers, nonex-
perts, or other stakeholders.  The themes of the 
NSF workshop inspired members of this group to 
create a dialogue-based outreach program, the 
South Carolina Citizens’ School of Nanotechnol-
ogy (SCCSN). 

This program should be understood in light of 
the history of the role of nonexperts in science 
policy.  In the American experience, John Dewey 
argued that when citizens think scientifically, de-
mocracy and science benefit each other [1].  But 
this requires a well-informed citizenry.  Jon D. 
Miller has measured scientific literacy across three 
decades, and his results show that it is consistently 
very low [2, 3].  There are some exceptions and 
improvements, but we conclude that it is unlikely 
that large proportions of Americans will be well 
informed about nanotechnology [4, 5, 6, 7, 8, 9]. 

At the same time, four observations point to 
constructive roles for nonexperts in science policy.  
First, stakeholder democracy indicates that for any 
given issue, some people will decide to become ac-
tive [10, 11, 12], even if most are uninterested and 
inert.  Secondly, studies show that nonexperts can 
acquire and comprehend scientific knowledge 
when they have to in order to participate in science 
policy [13, 14].  

Third, informal science education is especially 
effective because it is self-motivated [15].  Miller 
has noted that this is one of the most powerful 
sources of scientific literacy, and it is easier to ex-
periment with than other variables [3].  Experi-
ments with informal science education include sci-
ence cafés, mini medical schools, and consensus 
conferences [16, 17, 18, 19]. 

Finally, those observations culminate in partici-
patory democracy, i.e., cases in which nonexperts 
have active and constructive roles in science pol-
icy.  Some examples are: local cases of public 
health or environmental threats; patients’ families 
organizing to support medical research; AIDS ac-
tivists improving biomedical knowledge in epide-
miology and clinical trials; and laypersons steering 
the board that created regulations for research on 
recombinant DNA in Cambridge, Massachusetts. 

Nanoliteracy & the SCCSN 

The University of South Carolina group has a 
vision we call “nanoliteracy,” a condition in which:  

• People who are interested in nanotechnology 
are reasonably informed about it, are aware of 
a spectrum of views, and can learn more on 
their own; and,  

• Stakeholders are confident they can partici-
pate in shaping nanotech policy, even if they 
do not have expert scientific credentials; and, 

• Societal questions are integrated into discus-
sions about technical change, so the technol-
ogy is not isolated from society. 

This raises the question of implications and in-
teractions.  Government agencies speak of the so-
cietal implications  of a new technology, but this 
usually means that the technology arrives, it chan-
ges society, and the change is understood after the 
fact.  We prefer not to passively accept this.  In-
stead, nanoliteracy means that one can understand 
nanotech now, before it causes major disruptions, 
so that people can advocate beneficial changes.  
Thus we speak of societal interactions  with 
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nanotech, meaning that nanoliterate stakeholders 
make decisions before technological change be-
comes a fait accompli [20]. 

The SCCSN is our premier program for nurtur-
ing nanoliteracy [21, 22, 23].  Our model has these 
elements: 

• A package of readable articles gives the par-
ticipants background and confidence to 
question the speakers. 

• The speakers are faculty experts who are 
adept and comfortable in speaking with 
nonexperts. 

• There are numerous opportunities for the 
participants to pose questions and com-
ments. 

• To ensure a friendly atmosphere for ques-
tions and discussions, enrollment is limited 
to fifty or less. 

• The program is open to revisions and im-
provements as suggested by the participants. 

For example, during the first round (Spring 
2004), the participants heard much about the 
scanning tunneling microscope, the atomic force 
microscope, and electron microscopes.  They were 
extremely curious to see these machines in opera-
tion, and so suggested adding a lab tour.  This was 
done in the second round and thereafter: the 
group visited the Electron Microscopy Lab and a 
Chemistry lab with an STM.  They saw the imaging 
of nanoscale materials and surfaces (ranging from 
30 to 0.27 nm) in real time, and the faculty ex-
plained the instruments.  For nonscientists, this  
was a rare and exciting insight into the workings of 
nanotechnology. 

Currently, each round consists of six presenta-
tions, once a week, supported by a package of 
readable articles, plus a lab tour, and a roundtable 
discussion at the final session.  The SCCSN bene-
fits from a structure of topics and readings in 
which societal issues are as prominent as the scien-
tific information [11, 20, 24], but its special 
strength is the ethos of dialogue that shifts the fo-
cus from the speakers to the participants.  This is 
expressed six ways:  

• Participants pose questions and comments 
during the presentations;  

• A thirty-minute discussion period after 
each presentation generates more dia-
logue;  

• Some participants talk with the speakers 
face-to-face after the formal program 
concludes;  

• Some participants later join the speaker 
and the organizer at a coffee house;  

• Each round concludes with a ninety-
minute roundtable discussion with all the 
speakers, with a participant serving as the 
facilitator; and  

• Some participants have on-going contact 
with the speakers, usually by email.  

We give two examples of creating dialogue.  In 
Fall 2004, Robert Best spoke on nanomedicine.  
He had a well-developed powerpoint presentation, 
but on the evening of 20 October we could not get 
into the computer because C. Toumey could not 
find the password.  So Best delayed his formal 
presentation, and he began by soliciting questions 
from the participants.  This had an excellent effect: 
it was clear that the evening would be driven by 
their  concerns, not his  conclusions.  His talk still 
had a structure which moved from topic to topic, 
but it was flexible and participant-friendly, result-
ing in ideal dialogue between participants and ex-
pert. 

In a second example, the initial presentation of 
the fourth round (Fall 2005) was Davis Baird’s fif-
ty-minute historical introduction to nanotech, dur-
ing which participants asked 24 questions.  Many 
professors would feel that this was an annoying 
number of interruptions, but D. Baird and C. 
Toumey saw it as an excellent indication that the 
participants knew that they too were principals in 
this outreach program.  During the same round, 
participants suggested adding an eighth session, 
the roundtable discussion.  This was another suc-
cessful exercise in dialogue, and has been incorpo-
rated into subsequent rounds. 

Compared to other forms of informal science 
education, the SCCSN is more intimate than a mi-
ni medical school, more formal than a science café, 
and, with its background readings, it provides mo-
re depth of content than the other two forms.  It 
can also co-exist with those other formats, and in 
fact a group of SCCSN participants organized a 
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science café for Columbia, South Carolina, in July  
2006.   

Metrics and other indicators 

Preliminary metrics from baseline and end-point 
tests of nano-knowledge and attitudes show that 
participants’ knowledge changes markedly. Exam-
ples are: 

 

Baseline Endpoint

Recognizing the importance 
of the STM for 
nanotechnology

%32 %100 

Recognizing that the 
fullerene molecule is made 
of carbon 

%53 %94.4 

 

Even more important, however, are changes in 
participants’ confidence.  They report becoming 
more confident about: (1) explaining their posi-
tions on nanotech; (2) understanding a newspaper 
article on nanotech, and (3) speaking publicly at a 
hypothetical community meeting on nanotech pol-
icy. 

A second line of investigation consisted of a re-
cord of participants’ questions and comments, 
from which themes were identified by J. Ryan 
Reynolds during SCCSN.4 (Fall 2005).  There were 
46 participants, and the average attendance was 28 
participants.  Three themes emerged from that 
work: 

Gender and Nano-Curiosity : was there a rela-
tion between gender and the questions asked by 
participants?  The proportion of males to females 
was approximately 3:1.  An average 15.4 questions 
per session were asked by males, compared to only 
2.2 from females.  The questions were separated 
into technical (n = 36, e.g., "Could assemblers be 
reprogrammed to disassemble?") and social (n = 
52, e.g., "I'm concerned that nanotechnology will 
benefit only a select group of people.").  Women 
asked one technical question and 11 social, while 
men asked 35 technical and 41 social.  This is not a 
simple bifurcation of males asking about science 
and females asking about social issues: there was a 
strong preference for social questions by female 

participants, yet the male participants exhibited a 
balance of the two concerns. 

Growing Sophistication : there were some very 
sophisticated questions at all sessions, but the pro-
portion of simpler questions diminished across 
eight sessions.  From the first session: "are all at-
oms the same size?" From the last session: "If we 
could build a particle accelerator on the nanoscale, 
it seems we could build a very good one due to in-
creased surface area."  This may be partly because 
the topic of the first session was an introduction to 
nanotechnology, while the topics of the later ses-
sions were more sophisticated.  If so, the partici-
pants’ questions and comments kept pace with the 
development of the session topics. 

Prominence of Health and Medicine : the ses-
sion on nanomedicine had the largest number of 
questions (n = 25), and additional questions on 
health and medicine arose at other sessions.  This 
was clearly the most prominent theme of all.  This 
corroborates survey research which shows that the 
most important benefit of nanotech is expected to 
be medical applications [4, 5]. 

Our third set of indicators comes from A. Ag-
gelopoulou’s debriefing of faculty who had spoken 
in the first five rounds.  Eleven of the thirteen 
speakers were debriefed, including two who had 
spoken in all five rounds, and three who had spo-
ken in four of the five.  This group comprised six 
chemists, two philosophers, and one each from 
English, Art and Genetics. 

Had their experience with the SCCSN changed 
the direction of their research?  Only one an-
swered affirmatively: a philosopher said he was 
more concerned than before about the partici-
pants’ interest in near-future commercial products.  
The sense of this is that products like cosmetics 
and nano pants seem trivial, but this is how con-
sumers will encounter nanotech in the near future.  
In addition, he noted the participants’ interest in 
Drexlerian nanobots.  Although he considered 
them unrealistic, it impressed him that nanobots 
were prominent in the participants’ views. 

A chemist had an interesting reaction to that 
question: although the SCCSN had not changed 
the direction of her research, “the participants’ in-
sistence in knowing how the various aspects of my 
research are important and relevant has forced me 
to face the same questions.” 
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Almost all of the speakers said they had 
changed the ways they present their research to 
make it more accessible to nonexperts.  Most were 
surprised and impressed that the participants were 
well informed, reasonable and articulate.  They ap-
preciated that the participants were enthusiastic 
about nanotech, but were concerned about their 
high expectations, and were bothered by the par-
ticipants’ interest in nanobots and grey goo. 

Finally, they noted the participants’ strong curi-
osity about medical applications. 

The future of the SCCSN 

The experience of executing five rounds gives 
us an opportunity to use the SCCSN as a platform 
for experimenting with informal science education.  
We can try new ideas within a reliable program. 

The round for Fall 2006 (SCCSN.6) includes an 
experiment in generating policy recommendations.  
P. Hamlett  and others have emphasized that con-
sensus conferences and citizens’ juries generate 
better policy recommendations than focus groups 
or survey polling because the former give people 
plenty of time and opportunity to investigate and 
discuss a topic [16, 25].  The latter are quick snap-
shots of public opinion, with little or no learning 
or deliberation.  Considering that each round of 
the SCCSN is an eight-week process of learning 
and dialogue, it is worth asking whether this proc-
ess can generate policy recommendations. 

For SCCSN.6, the participants are asked, when 
they enroll, to react in writing to a pair of policy 
questions: (1) how to balance concerns about pri-
vacy with changes in the quality of biomedical in-
formation that come from nanomedicine; and (2) 
whether appropriations to the USC NanoCenter 
from the state government should specify research 
directions, or defer to the scientists in the Nano-
Center. 

At the third and eighth sessions, the partici-
pants will face the same questions again.  Then a 
group of participants will synthesize their reactions 
into a set of policy recommendations, possibly in-
cluding a minority report. 

This way, the participants will have multiple 
opportunities to deliberate, plus three opportuni-
ties to put their views in writing.  While there are 
differences between this process and a consensus 

conference, we anticipate that it will generate well-
informed recommendations from stakeholders 
that are approximately as credible as those gener-
ated from a consensus conference. 

Meanwhile, the staff of the SCCSN recognizes 
three additional areas to develop.  We hope to in-
crease the ethnic diversity of the participants so 
that more nonwhite people will participate.  Next, 
we are curious to know whether science museums 
can build nanoliteracy on the SCCSN model.  Fi-
nally, we feel intuitively that the SCCSN model 
could serve other scientific topics besides 
nanotech, and we would like to see this tested.  
Currently we are seeking support to explore these 
areas. 

Conclusions 

We emphasize that the South Carolina Citizens’ 
School of Nanotechnology is not a one-way 
transmission of information from experts to non-
experts.  On the contrary, it is a dialogue in which 
scientific knowledge intersects with laypersons’ 
values.  Both are intensely important.  It is our 
hope that the SCCSN will lead to participants 
making active and constructive contributions to 
nanotech policy that are infused with both good 
science and  articulate expressions of concern a-
bout the future of nanotechnology. 
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Abstract:  The Australian chemical industry is facing a testing period as it adjusts to the challenges of the 

new global era. This paper briefly traces the evolution of the industry through an extended period behind 

protective tariff barriers to the situation today, as it confronts the new competitive environment. While the 

industry is adjusting as new companies emerge and specialist export-oriented production increases, the cur-

rent situation continues as “work in progress”. We argue that its future success will depend on its ability to 

innovate and to renew itself. We draw some generic lessons from a review of successful innovation in the 

Australian chemical industry and identify four key strategies for companies namely: (1) working within exist-

ing global value chains, (2) engaging with other globally focused industries, (3) developing an integrated pack-

aging concept for their products and services, and (4) leveraging the knowledge of others. 
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Introduction 

The central role of the chemical industry in the 
economic and social fabric of most advanced 
economies has been demonstrated over the past 
150 years. Over that time the industry has been 
continuously transformed by the introduction of 
product and process innovations largely driven by 
research and development conducted by corpora-
tions, universities and national laboratories. The 
industry produces over 70,000 different chemical 
substances valued at over USD 1.5 trillion per an-
num [1]. In more recent times the industry has 
faced some serious problems with the evolution of 
global markets, the growth in regulatory controls, 
the slowing down of innovation as exhibited in 
diminishing returns to R&D, and skills shortages 
[2]. 

Arora et al. have highlighted the role of science 
in the productivity and growth of the chemical in-
dustry in Europe, the United States and Japan [3], 
the changes in the industry brought about by li-
censing of patent protected technology [4], the 
changing division of labour and emerging markets 
for technology in the chemical industry [5]. Arora 
et al. described the massive restructuring that took 
place in the US chemical industry in the 1980’s 
(well in advance of Europe or Japan) and which 
contributed to improved results in many US 
chemical firms. In particular, these authors noted 
the division of “innovative” labour and the devel-
opment of wide networks of collaboration preva-
lent in the new and emerging areas of the chemical 
industry in contrast to the activities of the large-
scale basic ‘commodities-type’ chemical industry. 
Both of these factors are important as the Austra-
lian chemical industry makes readjustments to 
market deregulation. In addition to the work of 
Arora et al., other literature has also addressed the 
importance of large scale production [6], and the 
increasing rise of licensing activity [7]. Very re-
cently, Swift [8] reviewed the near-term business 
environment in which the world industry will op-
erate and the prospects and challenges to be faced 
in 2006 and 2007. 

In addition, there have been a number of re-
ports addressing some of the problems facing the 
industry at the level of national concern: 

 

• In the European Union [9, 10] the frequency 
for innovative opportunities has been a major 
concern along with the issue of the number of 
newly banned chemicals. Harries-Rees [11] has 
suggested that there has been a shift towards 
short- and medium-term customer and market 
driven incremental changes in products and 
processes in the European industry, with 
higher risk longer-term activities have been 
handled in a variety of individualistic ways in 
different companies – motivated by “getting 
the balance right” between the short/medium- 
and long-term activities. In addition, interna-
tional collaboration at the research level, and 
the movement of people and ideas within the 
industry, has occurred [11]. 

• In the USA two reviews [12, 13], and the es-
tablishment of the industry-led Chemistry In-
dustry Vision 2020 [14] with a strong emphasis 
on energy efficiency and protection of the en-
vironment and more recently on environ-
mental and health impacts of nano-materials 
[15]. 

• In the UK [16], Japan [17], and Denmark 
[18], where energy savings emerge as a princi-
ple issue. 

Whatever the commentary, the fact is that each 
company working in the chemical industry must 
chart its own innovation strategy in such a way 
that exploits its key strengths and the opportuni-
ties that are available to it. This may take a variety 
of forms. Innovation may be technological – in the 
form of new products, or processes - or non-
technological – e. g., in the form of new services 
or organisational arrangements as described by 
Tidd et al. [19]. Moreover, increasingly it is likely 
to involve others outside the company for ways to 
develop and exploit ideas, as Chesborough con-
vincingly argues [20]. Nonetheless, the envelope of 
strategies that are available for countries will differ 
according to different national innovation systems, 
including consideration of the nations’ resource 
endowments, the company base and the links with 
international companies, and the particular regula-
tory settings in which they function. 
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What is the Chemical Industry? 

We follow a structure of the chemical industry 
as defined by the international Standard Industry 
Classification (SIC) codes, which are used for data 
collection on the industry. Although the code sys-
tems used from nation to nation are marginally dif-
ferent, in general, the chemical industry embraces 
the manufacture of basic chemicals (including 
chemicals derived from coal and/or oil), other 
chemical products (including medicinal and phar-
maceutical products), rubber and plastic (or poly-
mer) products. In most cases the industry includes 
all products derived from petroleum refining [21]. 
We have also included consideration of biotech-
nology since much of the activity in this area in 
Australia is directed towards R&D on pharmaceu-
ticals. 

Impact of Change on the Australian 
Chemical Industry 

The Australian chemical industry has also faced 
testing times in confronting the challenges posed 
by globalisation and the changing patterns of pro-
duction and trade. Even though the Australian in-
dustry is enmeshed with the global chemical indus-
try, its companies face a different set of challenges 
and opportunities. In particular it needs to rethink 
its prospects, and the role of innovation. For many 
years the industry was protected from external 
competition by high tariff barriers and restrictions 
to trade. With the liberalisation of world markets 
and the substantial lowering of tariffs, the future 
success of the industry in Australia will depend on 
its capacity to change through innovation, to in-
troduce competitive new and innovative products, 
processes and services, and meet the demands of 
both existing and new markets. 

Although the Australian industry is not large on 
a world scale, it plays an important role in the na-
tional economy and is integrated with the global 
industry through the presence of multinational 
companies and the trade in chemicals. The Austra-
lian industry is important in several niche areas, for 
example, explosives, pharmaceuticals and agricul-
tural chemicals. It has also benefited from a strong 
publicly funded research system. At the same time 
the industry continues to undergo the pains of ad-
justment as sectors hitherto protected by tariff bar-

riers face new tough competition from overseas. 
The industry will need to continue to change in the 
years ahead. 

To this end the Australian government in con-
sultation with industry recently released two re-
ports (Chemical and Plastics Action Agenda [22] 
and Pharmaceuticals Industry Action Agenda [23]. 
These reports set out industry goals and suggested 
actions in areas such as regulatory reform, invest-
ment and reinvestment in growth, in an attempt to 
ensure that a highly skilled workforce is available 
[22]; that Australia is positioned as a global phar-
maceuticals hub; that a globally competitive oper-
ating environment is created; and that the ability to 
commercialise research by investing in skills, and 
by fostering a positive culture, image and profile 
for growth is strengthened [23]. 

The Action Agendas reflect current industry 
policy thinking in Australia, namely that govern-
ment can contribute best by removing regulatory 
impediments, promoting the flow of information 
and skills, and ensuring that the public infrastruc-
ture permits competitive companies to emerge. 
Since the early 1980s there has been a distinct shift 
in government, away from programs of selective 
support for industry, and little to no sympathy for 
“picking winners”. 

While the Action Agendas have paid attention 
to the importance of international competitiveness 
in the industry they fall short in exploring in detail 
any of the strategies that may be available to the 
industry at large to innovate, and thus achieve a 
more competitive position. This paper addresses 
these issues in more detail, but first reviews the ex-
ternal and internal setting of the Australian chemi-
cals industry and the factors that have shaped its 
development. 

Methodology 

We have adopted an inductive, comparative 
case study approach to theory development [24]. 
This permitted new factors to be examined as they 
emerged while also allowing patterns to be com-
pared and contrasted across the cases. The case 
studies involved personal interviews by at least one 
of the researchers with senior personnel in each 
company, following a prescribed systematic for-
mat, which specifically addressed the circum-
stances relating to the development and implemen-
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tation of their innovation(s), but also permitted 
some flexibility in the discussions. In total we have 
conducted case studies on over 25 companies 
working in the chemicals sector. The choice of the 
case study approach was also motivated by our in-
terest in developing a consistent framework to 
embrace the innovation activities of these compa-
nies over time, and to monitor the achievements 
for a wide range of emerging Australian science 
and engineering based companies working in the 
chemical industry [25]. Several of the case studies 
have also formed the basis for a series of detailed 
industry profiles to inform specialists working in 
the chemical/biotechnology sector [26]. It is also 
important to note that many of the newer compa-
nies reported in this paper may be characterised as 
having advanced technology products developed 
from the R&D base, and supported by strong in-
tellectual property protection. 

The historical setting for the Australian chemi-
cal industry as a whole has been well documented 
by Kolm [27]. 

In addition to the case study approach we have 
analysed some of the dynamics of change within 
the industry sector by examining the National Ac-
counts (the industry input-output statistics) avail-
able for Australia and a number of other countries 
(the latter are not discussed) over the period of fif-
teen years from 1983-84 to 1998-99 [28]. While the 
present analysis is preliminary, it serves to amplify 
the enormous changes that have occurred in the 
chemical industry sector, especially over the period 
involving the sector’s radical transformation 
through opening up the economy to international 
competition and globalisation. 

Strategic Setting 

Evolution of the Chemical Industry in Aus-
tralia 

The chemical industry in Australia has its ori-
gins in the nineteenth century. Chemical manufac-
turing was initially directed towards meeting the 
needs of new colonies, and to support its resource-
based industries [27]. Fertilisers were needed for 
Australia’s nutrient-poor farmland, explosives for 
its mines, and processing chemicals to treat its 
mineral ores. The high cost of international freight 
meant that it was more economic to manufacture 

chemicals locally and a small but growing domestic 
manufacturing base emerged. 

The focus on local markets continued well into 
the twentieth century, supported by the high tariff 
walls and licensing arrangements that applied to 
the manufacturing sector. This situation prevailed 
after the Second World War when government 
policies supported growing “infant industries”. 
From the 1950s a number of multinational com-
panies entered Australia’s manufacturing sector, 
and expanded the ranks of the Australian chemical 
industry, which consisted of a large number of 
small and medium sized companies and just a few 
sizeable companies such as the diversified chemi-
cal producer ICI Australia (now Orica), Faulding 
Pharmaceuticals, which is now part of the Mayne 
Group and Nicholas (Aspirin), which is now 
owned by Bayer. 

While manufacturing tariff protection provided 
a cushion for the Australian chemical industry and 
secured local markets, it retarded innovation, ex-
pansion and export seeking growth. There were 
also no government incentives for innovation-
based exporting companies. A leading example is 
the integrated petrochemical complex established 
in Victoria in 1961 by a consortium of seven com-
panies, Mobil, Exxon, Dow Chemicals, Union 
Carbide, BFGoodrich, BASF and Hoechst. It was 
built to process the oil findings from Bass Strait 
and produce synthetic resins and chemicals. While 
the plant operated efficiently in the tariff protected 
environment it remained small scale by world 
standards. The failure to expand the plant to world 
scale and compete internationally meant it became 
uneconomic when tariffs were eventually reduced. 

In the 1980s the Australian government com-
menced a series of reforms to deregulate the econ-
omy and reduce tariffs. The 1986 recommenda-
tions of the Industries Assistance Commission 
were adopted and tariff barriers for the chemical 
industry progressively decreased from levels as 
high as 45 % to between zero and 5 % by 1996. 
The tariff reductions were inevitably accompanied 
by increased imports. Further, the industry had to 
deal with the problem of aging assets and sub-scale 
plants and find ways to access international mar-
kets. Today the industry continues to restructure 
to meet the demands of global competition. 

Some companies continue to be in the throes 
of adjustment, while others have made the transi-
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tion with some success. On the positive side, a 
number of new, “born-global” companies have 
been formed across parts of the industry [29]. 

The Australian Chemical Industry Today 

The chemical industry accounts for about 12 % 
of total manufacturing in Australia, with a turnover 
of about AUD 28 billion (1999-2000) and employs 
over 91,000 people [23]. In 1999-2000, 
AUD 4.5 billion worth of chemical products were 
exported and AUD 15.1 billion of chemical prod-
ucts imported – a net deficit of over 
AUD 10 billion. Australia accounts for only about 
1 % of world chemical production and is clearly a 
significant net importer of chemicals. There are 
some 3,800 enterprises operating across the full 
spectrum of the chemical industry. More than 
80 % of these are small and medium-sized busi-
nesses, each employing less than 200 people. The 
Australian industry is also geographically dis-
persed, with activity spread across the States of 
Victoria (38 %), New South Wales (34 %), Queen-
sland (12 %), South Australia (7 %), Western Aus-
tralia (7 %), and Tasmania (2 %). 

The industry is extensively linked to the global 
chemical industry as well as most of the major ‘big 
pharma’ pharmaceutical houses., through interna-
tional trade and the operations of several multina-
tional companies such as DuPont, Dow Chemical, 
Huntsman, Pfizer, Exxon Chemicals, Merck, 
Pharmacia, Bristol Myers-Squibb, Eli Lilly, Wyeth, 
Schering Plough, Bayer, BASF, Sanofi-Aventis, 
Degussa, and Boehringer-Ingelheim. There are just 
a few large local companies such as CSL, Orica, 
Nufarm, and Incitec. 

The amount spent on research and develop-
ment by the chemical industry in Australia is not 
large by international standards AUD 584 million 
in 2003-04 [30]. Of the top 50 R&D performing 
business spenders in 2002-03, 14 were in the 
chemicals sector. These companies spent over 
AUD 275 million on R&D in 2002-2003, with the 
biomedical/chemical company CSL Ltd being the 
leading performer spending more than 
AUD 90 million per annum [31]. In the related 

biotechnology sector the total R&D expenditure 
was AUD 378 million. Most of the multinational 
companies conduct R&D in Australia – indeed 
pharmaceutical multinationals rank in the top 50 
business spenders on R&D, but the expenditures 
of the multinational companies are just a small 
fraction of their global budgets. 

An offsetting factor is the expenditure on R&D 
by the public sector through universities, and re-
search institutions such as CSIRO and State agen-
cies. Australia has high public spending on R&D 
across all the manufacturing sectors. The strong 
research base is reflected in Australia’s position of 
15th in an international ranking of chemical publi-
cations with 15,682 papers published in the decade 
to August 2004 [32]. In addition, the medical and 
health related research provides a platform of sup-
port for the local chemical industry. In 2002-2003 
Australia public funded expenditure on the chemi-
cal, biological and medical and health sciences was 
AUD 3.15 billion. 

To illustrate how the chemical industry in Aus-
tralia has evolved over the past two decades we 
compare data from the Australian National Ac-
counts for 1983-84 with that of data for 1998-99, 
namely a gap of some 15 years, and one embracing 
the critical changes in micro-economic reforms. 
Australian National Accounts’, data at the 4-digit 
level provides detailed information on the inputs 
to a selected industry sector and traces these inputs 
to outputs across all sectors in the economy [28]. 
In order to provide a simplified illustration of the 
transformation of the chemical sector over the 15 
year gap we have plotted the common inputs for 
each of the chosen years against the outputs across 
all important, but aggregated, sectors of the econ-
omy, as shown in Figure 1 for 1983-84 and Figure 
2 for 1998-99. 
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