Paper from the 6" World Congress of Chemical Engineering

68 R. Bagterham

Society, through networking and information flow, is interacting more directly with
the profession, becoming increasingly more vocal in the debate on environmental,
safety and ethical issues associated with the types of work that chemical engineers
do. A community motivated and inspired to action is a force that cannot be ignored
— nor should it be. All professions operate within the context of general acceptance
by the commuuity. That is to say, it is society (the community) which provides our
licence to operate. Relationships with the commanity need to be rooted in notions of
muteal respect. To not lsten to the public is dangerous.

There has not been much in the way of change yet in terms of the way in which
the chemical engineering profession interacts with the community. The current focus
is on meeting forced {regulatory) compliance. Where we do interact with the com-
munity, it fends to be reactive — such as in response to community concerns over
environmental emissions, This is often not coustructive —— with community in out-
rage and the profession on'the defensive. The profession needs to be more proactive
with regard to setting the agenda for its interaction with the community. More active
engagement needs to take place by, for example, taking the initiative in informing the
public of actions and oulcomes and addressing the: issue of science literacy.

This is general stuff, but let’s be more specific: to what extent should we be engag-
ing proactively and in what direction?

Chemical engineers and the societies and institutions that represent them already
hold positions within the compmunity (such as on advisory panels to governments
and NGOs), This is not enough, but how close to enough is it? Do we need 1o step
things up incrementally or substantially? Given the exponential pace of change as
outlined above, it follows that it needs to be the latter, So, in what direction? In the
last twenty years, the catch-¢ry was ‘the environment’, and we sat up and took note
and responded accordingly — tighter regulations on contarninant levels in water, air
ete, focus on responsible rehabilitation of old industrial sites. And it was within a
strmctured framework of regulations and accountabilities (forced interactions).

The catch-cry for the new century is *sustainability’. It is the bigger picture, taking
‘environment’ to the next level. It is a logical extension of current community con-
cerns — looking after the planet and still maintaining a comfortable lifestyle. This is
set against a background of less defined interactions, where the regulatory framework
is not a clearly defined set of forced interactions, and with a shift to self-regulation
and the abandonment of detailed prescriptive guidelines.

The chemical engineering profession needs to develop a strategic framework that
fits with the current world in which we operate — flexible, proactive, engaging, com-
municating. Sustainability is a new concept for a new century. The elements of sus-
tainability are more like the network (multi-faceted interactions) than the ‘hub-and-
spoke’. Sustainability offers a framework for proactive interaction with the commu-
nity by the chemical engineering profession. This chapter seeks to explore this con-
cept and to outline what such a framework might look like,
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2. Framework of chemical engineers’ interaction with the community

What defines the profession?

*] am, and ever will be, a white-socks, pocket-protector, nerdy engineer — bomn under
the second law of thevmodynamics, steeped in the steam febles, in love with free-bady
diagrams, transfonmed by Laplace, and propelled by compressible fiow. . . dedicated to
dolag things better and more efficiently’ [1].

2.1. Subject matter

Chemical engineers develop, operate and optimise chemical and physical processes
that take raw materials and transform them into products that are either feedstocks for
the domestic market or have direct application in it: refining of petrol, production of
acids or alkalis, processes to produce foods and medicines, They must simultaneously
understand the micro {chemistry, physics, mathematics) and macro (engineering) el-
ements. The ability {o make the link befween the two is expanding the horizons of
chemical engineering into areas of new technology, particularly those with a biotech
focus,

There is an expectation from the community that we supply the products they need
andfor desive and that these products are safe to use and produced with minimum
impact on the environment. It is the application of the *doing things better and more
efficiently’ which brings chemical engineers into contact with the community in a
manner which can have significant impact on the communities where we operate and
the way in which we operate.

2.2, The profession

Societies and institutions represent the corpus of chemical engineers and the subject
matter of the profession. Chemical engineers look to their professional societies and
educational institutions fo set the standards and framework for their conduct as pro-
fessionals. Qur societies, institutions and prefessional bodies play an important role in
supporting the profession in its engagement with the commanity. There 1s a direct role
through recognised positions within the community — e.g. advisory role to govern-
ment, provision of educational material to schools, production of public publications
and developing and maintaining websites, Indirectly, these organisations oversee the
individual chemical engineer’s engagement with the wider community through the
codes of conduct they set and formal processes such as accreditation of course and
certification of practising professionals,

In this chapter, by chemical engincering, we mean the corpus of practising chemical
engineers and the societies and institutions that represent them. We are not talking
about companies or industries.
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2.3, Historical comtributions to the commumnity

The natore of chemical engineering is in using basic scientific principles to solve
practical problems. In locking back over the last hundred years at how the profession
has contributed to the comumunity, it is at a practical level. The USA’s National Acad-
emy of Engineering in marking the turn of the centucy, acknowledged what it believed
to be the twenty greatest achievements of the 20 Century. Number four on their list
was technologies that purify and deliver safe and abundant water, which significantly
improved living standards (as an aside, lasers and fibre optics, which transformed the
rate of information flow, is ranked 18%). The NAE, in defermining the twenty greatest
achievements, acknowledged contributions based on impact to society. Clearly, con-
tributions with a more direct, measurable, impact are in the outcomes based stuff than
the process stuff (such as fibre optics). This method of ranking also reflects where so-
ciety is focused when it comes to valuing science and engineering. '

Chemical engineers contribute at a practical level — the above example of safe
water supply is a good one. Figure 1 shows the decrease in incidents of typhoid in
the United States once open sewers in back lanes were done away with and adequate
plambing instalied. There are numerous others examples of technologies developed
by chemical engineers assisting to improve living standards — food processing, large-
scale manufacture of medicines ete.
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It is not just in the practical implementation of technologies that the profession con-
tributes. More tecently, chemical engineers have taken active roles in organisations
such as Greenpeace and on advisory panels to governments.

In the work we do, it is vital to always consider the outcomes and implications.
Sustainahility is afl about this, and, as such, makes a good framework for our interac-
tion with the community. Before considering a new framework, it is necessary to ook
at the current modes of interactions between the chemical engineering profession and
the cormmunpity.

2.4. Community interaction and the licence to operate

Chemical engineers practise their profession within communities — there is constant
interaction. But, what form does that take? There are legal requirements for envi-
ronmental compliance, government regulations regarding where we can build our
processing plant ete. So, at one level, the corrent framework for interaction is set by
government and legal process. In a broader context though, as mentioned earlier, the
profession also requires the general acceptance of the commupity in order to function.
That is to say, the Heence to operate is given by society.

Prescribed legislation and regulation exist for a reason. Protection for the envi-
ronment is one reason, but more importantly it is for the health and safety of the
individual (members of society who make up the community). Society did not sit pas-
sively by and wait for a higher anthority to put that legislation in place — campaigns
for safer working conditions, controls on pollution, the 8 hour day, eliminating child
labour are all examples of conumunity intervention driving change. Today, companies
who choose to build their factories in countries with relaxed labour laws in order to
improve their profit margins have a poor public image and are targeted by an out-
raged community. Our licence to operate may be regulated through legal chaunnels,
but it is given by society. It is impaortant not to lose sight of this. It is not by chance
that companies are beginning to discuss the concept of having an *implied’ contract
with their communities.

Two paraliel modes of interaction with the community are emerging: forced and
voluntary. Forced interaction is that fixed in legislation, with clear legal requirements
and defined penalties for non-compliance. Voluntary interactions are more about im-
plied ethics and social responsibility,

2.5, Forced interactions

As discussed above, there are laws and regulations which dictate where and how we
build and operate our process plants. These vary between countries. It is necessary to
meet the legislative requirements of the country in which we operate.

Accreditation of chemical engineering courses allows those who graduate to be
acknowledged as a professional and accepted into the societies and industry associa-
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tions which stipulate the requitements to be a certified practising chemical engineer.
Again, the requirements for accreditation and certification vary across borders.

Even though different countries have different legislative requirements, our
“,..right to practise. . . is, and must continue to be, based. .. upon our competency
and accountability” {2]. This is over-arching, regardiess of the country in which you
work.

Legislation sets the framework for safe operation of our plants. There are pre-
scriptive regulations regarding occupational health and safety, though again the exact
structure and cxtent varies across borders. And, embodied in all of this legiskation,
there are clearly defined penalties for non-compliance — penalties not only directed
at the companies, but also targeting the individual. A chemical engincer in 2 Hine man-
agement role is personally responsible for the safety of those that work for him/her.

2.6, Voluntary interactions

Not prescribed in legislation are the unwritten codes of canduct, the ethics that govern
owr interaction with the community. This is about doing what we see as right and
appropriate, as well as what is required by legislation. It is about meeting the most
stringent standards for environmental emissions when operating in a location with
the most relaxed legislation. It is about going above minimum requirements for health
and safety. This is becoming more important as we operate globally —- across borders,
and across varied levels of regulatory requirements.

- The interaction of the profession with the community it seeks to serve can be seen
from the perspective of a licence to operate to companies first, but less directly, to the
profession itself. However, unless this is placed in an historical context, the message
may appear apologetic.

An early mover in voluntary initiatives was that of Respensible Care® begun in
Canada in 1987 to develop the principles on which the chemical industry could base
its product development from laboratory to disposal, to improve its health, safety
and environmental performance (see Table 1). That was taken up by the International
Council for Chemical Associations in 1991 and now covers 87 per cent of global
chemical production in 42 countries. Mainly adopted by the larger muolti-nationals,
the Responsible Care® concept needs to be extended to more small and medium
sized enterprises [3].

2.7, Balance between forced and voluntary interaction

The lines between forced and voluntary interaction are becoming more blurred, with
greater overlap taking place. Companies and the professions that service them are
operating globally. There is a move to self-regulation but the community is being
more proactive in its expectations. All these factors contribute to the overlap, but that
overlap is still not fully grasped by the profession.
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Tebie 1
Objectives of Responsible Care®
Responsible Care®
1. To seek and incorporate public input regarding our products and operations.
2. ‘To provide chemicals that can be mannfactured, transported, wsed and disposed of safely.
3, Tomake healtly, safety, the environment and resoures copservation critical considerations for sl

new and existing products and processes.
. To provide information on health or environmental risks and punsue protective measures for
ernployees, the pubiic and other key stakeholders,
. To work with customers, cacriers, supphiers, distobutors and conteactors W foster the sale use,
transport and disposal of chemicals.
6, To operate our facilitics in a manoer that protects the environment and the health and safety of
our employees and e public. ’
7. To support education and research on the health, safety aod emvironmental effects of cur products
and processes to foster the safe use, transport and disposal of chemicals.
&, To work with others to resolve probloms assoviated with past handling and disposal proctives.
9. To lead in the development of msponsible Jaws, regulations and standards that gafeguard the
comnwnity, workplace and environment.
10, To practise Responsible Care by encouraging and assisting others to adhere 1o these principles
and practices,

s

R

The abandonment of defailed and prescribed regunlation in favour of self-regulation
sees the lines between forced and voluntary interaction with the community — in
terms of looking after the health and safety of individuals — becoming blurred. De-
sired ontcomes are set through codes of practice aimed to assist amgk}}f@fsﬂ but these
are not mandatory.

In exploring dimensions of self-regulation versus prescribed regulation, a couple
of key issues arc evident, Respect for governments and their role in control the reg-
ulatory environment is changing (this is explored later) and there is a focus on the
rules applying to individuals, rather than companics. These issues came to light in
the Longford case, illustrated in Fig. 2. This is a Jocal, Melbourne, example but there
are plenty of others around the world.

There is a need for the chemical engineering profession to work with the corn-
munity, rather than leave it {o the government and regulatory bodies to dictate the
level and extent of accountabilities. A united approach between the profession and
the community is more effective, Whatever the dimensions of regulation and self-
regulation, interdependence of chemical engineers with the wider commumity must
be recognised. That interdependence is not power-based but rather one thal attempts
to satisfy mutnal needs.
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Lessons from Longford and the issue of self-regulation

On the 25 of September 1998, an explosion ripped through the Esso gas plant at Longford,
Victoria, Australia. The Longford incident received a significant amount of atiention from

{ the community — not surprigingly as it left Melbourne, a city of 3 million people, without

gas supply for 10 days. This is a city where the majority of residents rely on gas for

{ heating their water and houses and for cooking. In a month where overnight temperatures

averaged 8°C, us softies used to a comfortabls lifestyle were not so keen on cold showers
in the morning. This was & small price to pay, compared to those who lost their lives or
who were seriously injured at the plant, but it got the government’s attention and resulted
in a roval commission.

The Royal Commission into the Longford incident ruled that ‘operator ervor is not an
adequate explanation for major accidents’ and ‘front-line operators must be provided with
appropriate sapervision and backup from technical experts” 4] — Le. the responsibilities
and accountabilities expected of the chemical engineer: The practising chemical engineers
were seen as having a respongbility for the operators ;}ﬁtﬁm‘mmw and hence the impact
of plant and prodtétionon the wider cormmunity:: - - vor & wowso o 20 L L

Tt LrFig 20 Ressons fromdongferd (41 L o0 o« oo L o

New mles of
engagement

Fig. 3. The new rules of engagement.
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2.8. The pace of change driving a shift

What was once voluntary is becoming the forced position (see Fig. 3). For the chemi-
cal engineering profession, the components of technical content, regulation and stake-
holders interaction have all expanded and overlap to a greater extent than In the past.

In the past, chemical engineers have operated within a comfortable framework
of technical content and prescribed legislation. On the technical side, the laws
of thermodynamics, the continuity equations, McCabe-Thiele diagrams and, when
you cannot quite remember the required formula off the top of your head, go o
Penry/Levenspiel/Bird, Stewart and Lightfoot. On the legislative side, HAZOP analy-
sis, classification of hazardous substances, requirements for PPE, mles for confined
space entry. Nowadays, there is greater interaction with the conumunity by individual
chemical engineers, their societics and institations and this interaction falls outside
the areas of technical content and prescribed legislation with which we are comfort-
able. .

There is a need 1o shift the framework, and to be proactive in doing so or soci-
ety will do it for us. To step outside the old framework (with no form-guide to help
us) takes the traditional chemical engineer outside their comfort zone. But, it is be-
coming a necessity if we wish to maintain our licence to operate. How much should
societies and institutions acknowledge the shifi? We pose that, in a rapidly changing
society, they need to address the shift by being proactive in developing a framework
for community interaction.

3, Society is changing

Welcome o the 21st Century. You are a Netizen {a Net Citizen), and vou exist 45 4 citizen
of the world thanks to the global connectivity that the Net makes possible. You consider
eyeryone 8¢ your compatiot. You physically Hive in one country but you are in comtact with
much of the werld via the global corputer network. Virtually you Live next door 1o every
other single Netizen in the world. Geographical separation is replaced by existence in the
game virasl space 131

3.1, The world is changing and society with it

The external factors that drive and encourage community behaviour and interactions
are changing at an exponential rate, Consider the pace of change in digital infrastruc-
ture. John Seely Brown illustrates this by describing Digital Power as a function of

o compufing power (Moore’s law —a doubling every 18 months),

» communication (fibre law (bandwidth), doubles every 9 months),

o storage (disk law, doubles every 12 months},

o coptent {community Iaw, which is 2%, where n is the number of people).
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Couple this with the exponential increase in power consumption that can be attributed

to the internet. In the United States alone, current estimates are that 15% of all elec-

tricity consumption is used to power the internet (from a base of 0% 9 years ago).

From 0% 20 years ago, and 5% in 1992, roughly 20% of US electricity consump-

Hion is used to power computers [6]. The ability to disseminate information rapidly

and globally has seen a breakdown in traditional forms of communication, With the
explosive development of the internet neither companies nor professions have com-

plete influence on, or control of, the communications process between themselves 1
and consumers.

The internet is mandating unprecedented global transparency. Now with access to
the internet and mobile phones, communities feel empowered 1o challenge develop-
ments that are contrary to an established agenda. They have the access to a support
and information network that can, and will, assist them in this challenge. An Aus-
tralian company working in Turkey spent 18 months negotiating an agreement for
mining with the central government while evaluating an old mine near an established
community. On reaching agreement in Ankara, the company turned its attention to
developing the mine only to find that the local community had organised themselves
to reject the projeet [7]. 1t is no Ton ger possible to ignore the influence of the conuno-
nity as a stakeholder. - -

The next gencration of the internet is the “evernet”, where broadband, wireless pro-
tocol and the growing range of internet devices intersect. The “evernet” applies not
only to the World Wide Web but also the universal connection of domestic and indus-
trial units to the internet, such as that much written-about refrigerator that can order
its own replacement food. It is an ‘always on’ instant internet that is rather guickly
becoming a reality, able to further intensify and revolutionizse the dissemination of
information.

Consumers, stakeholders and employees will each be rapidly informed of company
activities and performance. In addition, the community can be aware and monitor
action taken. As a consequence communities across the world can be empowered to
challenge developments given the support and information networks that can, and
will, assist. ,

It is not surprising that people’s approach is changing, With the traditional *hub-
and-spoke” lines of communication all but dissolved and a global communication
network at their fingertips, there is a heightened sense of awareness in the community,
There is a fall-off in trust in anthority and hierarchical responses because information
is available from other sources. The challenge for the chemical engineer is that the
changing content of technology is also seeing a change in the content of the corpus
of chemical engincering. An example of this is the new areas of genomics-based
chemical engineering, described by Lord May in his opening address, which will see
an increased emphasis on the development of processes utilising bacteria,

The community is just as vocal in traditional areas of clash with science and engi-
neering, such as health, safety and environment. But, with the changes to the content
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Table 2
DNA-free food? [8], “Ordinary tomatoes do pot contain genes but genctically modified ones do®™.
Tre or false?
Trae Bon't kteww False
Canada 15 33 el
17.1 16 45 45
Angizia 44 22 34
Finland 29 27 44
France P 39 32
Geomany 44 20 36
Freland ey 31 2
Tialy 21 44 35
Metherlands 23 Z7 51
Bpuin 26 46 8
Sweden 30 v 24 46
UK 22 3R 4

of engineering, new areas for concern are emerging. The individual chemical engi-
neer, in his/her interaction with the community, needs a broad knowledge base while
retaining a deep working knowledge of one or two particular areas. This position is
important when dealing with a public who can be ignorant of scientific detail, partic-
ularly in emerging areas. The rapid advances in science and technology, particularly
in the biotechnology area, are bringing about changes and potential changes that are
being questioned, such as GM foods, but sometimes with little understanding of the
basic science. The example in Table 2 demonstrates misconceptions relating to the
existence of genetic material in plants — people know the rheforic, but there is a lack
of science literacy.

Being overwheimed by information and conflicting arguments can lead to swings
and outrage. The anti-globalisation protests around the world are an example.

3.2, How are chemical engineers responding?

In view of these pressures, it is important to consider how chemical engineers are
responding, and why it is important that they do. The current situation is reactive and
the consequences, when they come, can be extreme, resulting in drastic swings. The
approach is frequently ad hoc -~ is this desirable?

Being reactive has a long history of landing us in the soup, Consider Love Capal.

In 1978 New York State officials began something that has long haunted America.
What they did led to a Presidentially ordered, complete ‘emergency’ relocation of the
residents of Love Canal, a small community in Niagara Falls, NY. Prom 1942 to 1952
some 21 000 tons of various chemical wastes were dumped in a 70 acre site. In 1933
the landfill was sealed. Subsequently an area close by was extensively developed and
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problems with odours and residues, first reported in the 1960s continued into the
1970s.

Worried by headlines concerning an earlier industrial waste site in the area, the
residents then clamoured for government intervention. As 2 result of the Presiden-
tial order, some 950 families were evacuated. Laws defermining how to dispose of
unwanted chemicals began to be introduced. But in the post evacuation scientific in-
quiries, researchers did not find any evidence of an abnormal incidence of cancers
or other maladies among the former residents. They did, however, find evidence of
indirect psychological damage traceable to sensational media reports,

The Environment Protection Agency’s Science Advisory Board, noting the pres-
ence of dioxins, advised the only human disease with a known connection to dioxin
was chloracne — a skin disorder that Love Canal residents never had.

In 1980 Science magazine stated that while adverse physical consequences had
been rare, the series of events known as “Love Canal’ had engendered “deep and
abiding mistrust” of authorities.! Subsequently, remediation continued into the 1980s
and 1990s.

Love Canal set the scene for massive intervention as well as the sheeting home
of costs to all users of a site, not just the polluters. To not be proactive can prove
costly, not just financially for the companies involved, but also for the reputation of
the profession. Love Canal had a long history. By being proactive in looking ahead
at the implications for new technologies, we can develop & strategic framework for
addressing issues, ‘

In looking to the future, consider the recent advances in stem cell research that
indicate the potential to tun embryonic stem colls into blood cells, with the possi-
bility of creating inexhanstible blood banks [9]. How might the commusi ty react 1o
the first process plant for blood production? What is the ethical position of the chem-
ical engineering profession with regard to synthesising blood cells from embryonic
stemn cells? Do we need one? Governments around the world are putting frameworks
and regulations in place to address the implications of stem cell research. If the com-
munity shows outrage at large-scale synthesis of blood cells, then it is the chemical
¢ngineers who operate the plant who will be in the firing line. The societies that ep-
resent the profession need to be proactive in educating the cormmunity, addressing
their concerns, and sefting the ethical framework for such an activity, or the licence
to operate can be withdrawn.

Doing nothing is not smart. Being proactive is effective if strategic. Other
professions have been proactive. In the medical and health sciences area, Re-
search!America, a not-for-profit membership supporting a public education and ad-
vocacy alliance, has been active for over 10 years. The mission of Research!America
is to make medical and health research a much higher national priority. The organisa-
tion received a 3-year, USS 5.5 million grant to build national support for prevention

5ee: betpo/fwww.prioritiesfor health.com/1004/iovecanal bim
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and public health research and is quoted by The Wall Street Journal as “the driving
force behind the huge 15% increase in the NIH budget”.

Being proactive enables greater direction in setting the framework for interaction,
ensuring it is a framework within which the profession can reasonably be expected to
operate, and that it does take cost-benefit analysis info account.

3.3. Communication, engagement and discussion

Communication, engagement and discussion are key to any framework for interaction
with the community. The ability to communicate information and ideas rapidly and to
a broad audience is the common thread linking social and technical change. Network
communication channels are seeing diminishing powers of povernments fo regulate
interactions, a lack of trust in authorities and an expansion of what comprises the
group of stakeholdersin a given situation. These elements support the argument {o be
more proactive.

The engagement process for the profession and for individual engineers can be
considered in the light of stakcholder theory. The theory considers the relationships
between an organisation and its stakeholders in terms of a manager acting as a car-
ing person wishing to help the myriad local organisations, in its region, in all ways.
A firm and its stakeholders are now no longer considered in either terms of power
or contractual relations. Rather they are related to each other as part of their very
existence: a firm’s relationships constitute part of the firm. The question now fo be
asked by the manager is “What can we do to help you prosper, to act on our Caring
for you'?”, While contracts require consideration of reciprocity, caring relationships
do not. In a world of essential relationships all groups are interdependent.

The balance between forced and voluntary interactions with the community, in the
light of stakeholder theory, defines our licence 1o operate. Nowadays, the number
of stakeholders is drastically increasing. The example given below illustrates this
multiplicity of interactions.

Tn 2000 in South Australia an announcement was made abouta proposed new mag-
nesium development. While it did not proceed, reactions in the press and on radio
highlighted the views, often conflicting, of the different community sectors.

e The local aboriginal commurity indicated it had pot been consulfed (nor, presum-
ably offered compensation or part of the action).

» The deposit to be mined was in a national patk — envirommental groups, and the
park ranger service, opposed mining in the park as it would impact on its sensitive
ecalogy; they suggested that there were plenty of places outside the park to rne!

o The SA Government welcomed the development, as it would have created much-
needed jobs; it wanted to stay in office. ‘

o The Port Pirie Council, where the smelter was to have been focated also welcomed
the development; it would have benefited employment and added wealth to a de-
pressed area.
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¢ The Anstralian community should have welcomed it because it would have resulted
in reduction in vehicle fuel consumption as a result of lighter cars.

e The Federal Government would have welcomed it becavse of export income and
potential greenhouse-friendly production.

» The world community would have benefited from lighter cars, reduced fuel con-
sumption and reduced greenhouse gas emission.

In the confext of a changing society, chemical engineess need to be more attuned.
They need to take advantage of the networks to pick up on community concerns and
then be proactive in responding. The profession has embraced ‘the environment’, but
that was in the last decade (an old framework). With the new century, ‘sustainability’
is the catch cry.

3.4, Sustainability offers a framework

Sustainability is a framework that is being embraced, that sits well with the concerns
of the community and where society is beading in the 21 century. In the profession’s
second century, sustainability is not just about integrating eavironmental considera-
tions with the bottom line, Sustainability is about making best environmental practice,
product stewardship, partnership and transparency integral to the bottom line. In this
changing socjety, sustainability is also about people’s expectations and aspirations,
the framework. in which they operate and their understanding of risks and rewards.

A proactive position is needed because society is changing. This position is re-
quired to prevent the chemical engineering profession being caught by estreme
swings.

4. Sustainability as a framework for proactive community interaction

W are now transforming the biosphere —- depleting the oceans, poisoning the air, levelling
wiovetains and aliering the composition of the atmosphere — and we are doing It in a2 mere
imwtant of geclogical time, In the searly four billion vears that life has existed on Farth, no
species has possessed this capability for changing the biophysical makeup of the planet and
thus affecting every other species on Bath, ¥rom an Auvstralian perspective the effect of
300 yeurs of Baropean methods of agricalture now require vs to seplant 75 per cent of our
now cleared agricultural lnnd 3o a3 to ensure our cities have a continued supply of potable
drinking water [10].

In Australia, Buropean farming practices led to native vegetation being replaced
with crops and grasses with shallower roots and different growth patierns. Native veg-
etation evolved to make the best use of available rainfall. Imposing foreign methods
of agriculture has resulted in a major water imbalance in many catchments, Water
is no longer used at the same rate, with the unused portion migrating to lower soil
depths and causing a rise in the water table. As the water table rises, stored salis are
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mobilised and brought near to, or reach, the surface, leading to widespread land and
environmental degradation. As well as causing problems for agriculture, with land
becoming unusable for growing crops, salinity damages downstream aguatic €COsys-
tems and biodiversity and can affect urban infrastructure due to damage to building
foundations from shallow, saline water [11].

The salinity issue in Australia is the result of agricultural practices that are un-
sustainable. Finding ways to redress the balance and implement sustainable farming
practices is a matter of necessity receiving significant attention from scientists, engi-
neers and the wider community.

4.1. Sustainability is on the agenda

There is widespread interest in the elements of sustainability. It is not simply a fashion
and is certainly pot a Luddite reaction against new technologies. As an example, re-
cycling is now widespread and common practice. A.common feature across a number
of countries, seen and supported by the community, is the recycling of waste paper,
alumininm cans and household garbage, Not so visible to the wider community are
the large changes that have taken place in manufacturing, such as the changes in metal
forming technigues to minimise waste and the looming of copper wire in cars s0 that
it can be easily removed in one piece when recycling vehicle components.
Sustzinability itself has been adopted by some countries. In Sweden, The Natural
Step Framework (discussed later in this section} has received strong support from
business and political leaders and has been adopted by a number of council munici-
palitics and corporations {(such as IKEA and Electrolux). :
As a strategic framework for the chemical engineering profession, sustainability
builds nicely upon the traditional framework of mass and energy balances. At the
most practical level, it offers concepts easily grasped by the classically trained chem-
ical engineer. Also, sustainability and its key elements such as life cycle analysis,
require teamwork and a multi-disciplined approach. Strong interaction with all stake-
holders is necessary, making it a good framework for community interaction.

4.2. Technical innovations enabling sustainability

Technical innovations are leading us towards a more sustainable society. With today’s
technology we are learning to take care of much of the waste we produce. We recycie
waste water, plastics and aluminium cans, re-manufacture discarded tyres and use
garbage as a source of electricity. A number of organisations are seeking to develop
a no-waste strategy by 2010, This is built on the increasing levels of success we have
achieved in new waste reduction strategies over the last twenty years.

Most recently, “Green Chemistry’ focuses on modifying intrinsic chemical prop-
erties of substances fo reduce or eliminste their hazardous nature, The implementa-
tion of green chemistry technology has potential to offer environmental benefits that
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propagate throughout the life cycle. Waste minimisation is at the core of a process
that seeks o not only promote clean technologies and reduce the environmental im-
pacts of the energy sector but also to stimnlate ecologically conducive consamption
patterns. By developing processes to assist remediate past gmimﬁﬂﬁ the profession
can work to preserve the landscape. With redesign, investments in efficiency ywld
expanding rather than diminishing returns.

Taking advantage of the technical innovations that enable a move towards sustain-
able processing has occurred in incremental and revolutionary steps throughout the
20™ century. The example of technologies that purify water (discussed earlier as ex-
ample of practical contribution to the community and llustrated in Fig. 1) was a first
step towards sustainability — how do you sustain an increasing population without a
process for treating sewerage and providing a clean water supply?

“Chemical engineers will be central to solving water shortages. . . increasing the efficiency
of use, reducing demand by rethinking systems for treating and recycling water and de-
signing and oversesing the construction of reverse ogmosis plants.” {12]

4.3. The role of societies and instisutions

Societies and institutions have-a key role now in setting the context for the sustainable
practice of chemical engincering.

The misunderstanding regarding genes in tomatoes has been discussed earlier. Per-
ceptions can be made with lack of understanding, but if people respond according
to what information is available, then what more can we expect? Our societies and
institations have a role to educate the profession. They also represent the profession
in its interactions with the community. Therefore, they also have role to educate the
copumunity with regard to profession.

Our societies and institutions have been active in the past in mmpmg the profes-
sion. Certified practice, and the requirements that go with it set a standard for profes-
sional behaviour. Societies have been instrumental in defining the code of conduct —
particularly with regard to matters of health and safety. Cestification is becoming an
ever more rigorous process as the community’s expectations of what engineers can
defiveris rising: “Ensuring that engineering skills are practised competently is essen-
tial for safeguarding the health and prosperity of our nation. It is our competency,
together with our accountability that defines us as a profession” [2].

Examples of initiatives by the professions societies with regard 1o sustainability
include:

(a) Future Life Report by IChemE, released in 1997 [12]. The report sets out ideas
on. how chemical engineers might contribute 10 sustainability. In particular, the
report addresses the following questions:

s Can we guench our thirst for water?
» Can we break the link with carbon?
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+ Are miniaturised factories the way forward?
+ Can we reduce the amount we produce?

These are all issues that need to be addressed in order to sustain our community
into the 215 century and beyond and they are issues that will require engineering
solutions.

(b) More recently, IChemE has become part of a consortium of chemical industry or-
ganisations in the UK — the CRYSTAL Faraday Partnership — which has come
together “to improve and develop the UK science and technology base by provid-
ing a virtual centre of excellence in low QGI;E, sustainable (‘green’) manvfacturing
technologies and practices™.

{c) Center for Waste Reduction Technologies (CWRT), established by AICHE in
1991. Technologies and management tools sugpumu g sustainable growth, en-
vironmental stewardship, and Responsible Care® CWRT’s mission: To benefit
industrial sponsors and society by leveraging the resources of industry, govern-
ment, and others, to identify, develop and share non-proprietary technology and
management tools that measurably enhance the economic value of ¢ponsor or-

~ ganizations while addressing issues of matmabmty and environmental steward-
ship.
An example of a recent CWRT project is the use of their pr%v1atzsly devclapcd
Sustainability Metrics to establish a methodology for determining practical min-
imum energy requirements for chemical processes.

There has also been commitment by individual companies, such as Alcoa who has
set very clear waste reduction targets over the next 10 years:

o SOy — 60% reduction in emissions by 2010,

» Volatile organic compounds - 50% reduction in emnissions by 2008.

& NOX — 30% reduction in erpissions by 2007,

» Mercury — 80% reduction in emissions by 2008,

s Landfill waste — 50% reduction by 2007,

» Process water use and discharge — 60% reduction by 2008,

s GHG — 235% reduction by 2010 (potential to achieve 50% with ase of new inert
anode technology).

“This set of goals will be milestones along the way to the glthmate vision of a company
where all wastes have been eliminnied, where products sre designed for the environment,
where the environment is fully integrated into manufacturing, where the workplace is inci-
dent free, where protecting the environment is & com value of every employee and whete
all smmkeholders recognise Alcoa as & leader in sustainable development.”

In considering sustainability as a framework for the chemical engineering profes-
sion, the London Communiqué was an ad hoce step in the right direction, The 1997
London Communiqué (Fig. 4) acknowledged the need for chemical engineers to min-
imise their adverse impact on the environment more so than to use the profession’s
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We, the representatives of 18 societies representing chemical engineers worldwide and
acting here in our personal capacities, subscribe to the following statement:

THE KEY CHALLENGE POR OUR PROFESSION IN THE TWENTY-FIRST .
CENTURY IS: :

Fo use our skills to improve the quality of life: foster employment, advance economic
and social development, and protect the environment, :

This challenge encompasses the essence of sustainable development, We will work to
make the world a beiter place for future generations.

SPECIFICALLY, CHEMICAL ENGINEERS WILL:

Design processes and products which are innovafive, energy-efficient and cost-

effective, make the bést use of searce resources and onsure that waste and adverse

environmental impact are minimised,

Achieve the highest standards of safety in making and using prodacts of all kinds.

Provide the processes and products which give the people of the world shelter, clothing,

food and drink, and which keep them in good health.

‘Work with other disciplines to'seek solutions. ,

Engage in honest and open 'dialogue with the public on the chaflenges presented by

manufactare of the products which the public requires.

Promote research 1 allow the profession to respond fully to global demands.

Encourage the brightest and best young people into the profession, and promote lifelong
~professional development,

Therefore-we must co-operate together and recognise each other’s efforts in striving to

meet this challenge.

We acknowledge that this challenge cannot be met by our efforts alone, but this does

not lessen the responsibility fo parsue it

Fig. 4. The London Conynunigus.

skills in systems design o achieve good social outcome. It cited honest and open di-
alogue with the public, but did not refer to a partnership between the profession and
the commuuity in which it operates.

This communiqué is a marvellous start in that it is a concerted effort by the lead-
ers across the profession. It is a long way however from a code of practice. It js &
statement of intent and an encouragement to the profession, but not a commitment.

The London Communiqué, the efforts of IChemE through the Future Life report
and the CRYSTAL Faraday Partnership, the commitment of AICHE to sustainahility
through the CWRT Industry Alliance, the efforts of individual companies such as+
Alcoa, are all positive steps but they may not be proactive enough.

Proactive commitment is possible. This can happen by our societies and institutions
adopting a strategic framework whereby
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e Practising chemical engineers must commit to the London Communiqué in order
to retain their licence to operate,

» Courses to be accredited base teaching on a strategic framework for sustainability.

e The profession (and in particular the societies and institutions) are proactive in
commumicating with the wider public.

* A commitment is required — implemented within a framework, supported and
promoted by the societies and institutions that represent the profession.

4.4, What are the options for a strategic framework?

A strategic framework for chemical engineers is required, as for example suggested
by The Natural Step? (a good example) or thie Global Reporting Initiative (GRIP. As
a structured framework, the Natural Step is about the science, life cycle analysis (see
Fig. 5).

One concern regarding The Natural Step is that the goals are too broad, with targets
for chemical engineers a long way from where we are now, A better approach could
be through initially targeting reduction of wastes within a set timeframe or adopt a
current sirategy being used. The CWRT project to determine minimum energy re-
quirements for certain chemical processes may be a good start in specific areas of
process engineering.

A further framework for consideration is the Global Reporting Initiative (GRI),
which is about indicators for measuring economic, environmental and social impact
-— regulatory in nature, but a voluntary exercise (Fig. 6). The GRI is in the process
of establishing a global presence and a credible guidelines-setting process for envi-
ronmental reporting. Barly in 2001 the GRI circulated its members and interested
friends to engage those able to offer the resources, legitimacy, technical excellence
and global standing to achieve its mission in the long term. Their aim is to establish
the GRI as a permanent, independent and international institution in 2002,

The concern raised by some with regard to the GRI is that it does not offer direc-
tions on how fo go about improving underlying systems and processes in order to
achieve sustainability, Also, that it is not sufficiently focused on active conununity
interaction.

Engaging in strategic initiatives sach as the Global Reporting Initiative is one
process. Another is to engage with the community more dircctly. A good example
of effective direct community interaction is the recent initiative of BHP Cannington.
This BHP-Billiton mine in Australia engaged the North Queensland Conservation
Council (an independent community-based environmental advocacy group) to create
a robust external environmental appraisal of their operation. “This innovative part-
nership brought together for the first time in Australia (and probably the world) both

*See: btip:ffwoww naturalstep.org
3See: ttp:/fwarw globalieporting.org
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The Naturai Step Cyclic Principle {www.ozemail com au/~natstep)

Basic science and the precondition of our lives lead to the cyclic principle. This means
that waste mnst not systematically accumulate in Nature, and that reconstitution of mate~
rial quality must be at least as large as its dissipation. Consequently, all matter must be
processed in eycles. This avoids a systematic shift in environmental parameters and en-
ables the continuing diversity of Natare and hwman activity.

From the eyclic principle, four conditions for the maintenance of quality in the whole sys-
tent can be deduced,

Theye should be no systemam increase of:

(I} Concentrations of substances extracted from the Farth’s crost.
This means substitating certain minerals that are scarce in pature with athers that
are more abundant, using all mined matetials efficiently, and systematically reducing
dependence oa fossil fuels.

(2) Concentrations of substances produced by society.
This means systematically substituting certain persistent and unnatural compounds
with ones that are normally abundant or break down more easily in nature, and using
all substances produced by society efficiently.

(3) Degradation by physical means, .
This means drawing resources only from woll-managed eco-systems, systematically
pursuing the most productive and efficient use both of those resources and land, and
exercising caution in all kinds of modification of nature.

In a sustainable society:

(4) Huwman needs are met worldwide,
This means using all of our resources efficiently, fairly and responsibly so that the

needs of all people on whom we have an impact, and the fiture needs of peopie who
are not yet bomn, stand the best chance of being met. :

Fig. 5. The Naturul Step,

sides of the traditional mining/environmental divide to Jjointly develop a sound and
portable methodology for assessing sustainable development in mining operations.
This project has shown the way for other such partnerships around the world™

This proactive approach to community interaction is increasingly necessary when
the rules of engagement change and wild swings are observed as communities seek
solutions to their concerns that may border on uneconomic idealism. There is poten-
tial to shape the language of public debate throu gh educating the community in the
concepts of risk analysis — the cost—benefit trade-off in green and clean production
strategies and other such processes.

4 AMEEF — 2001 Awards, Community Award finalist, see: hitp:/fwww.ameef.com.anfawards
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The GRI aims to help organisations report information:

+ in a way that preseats a clear picture of the human and ecological impact of business, to
facilitate informed decisions about investments, purchases, and partnerships;

» in a way that provides stakeholders with reliable information that is relevant to their
needs and interests and that invites further stakeholder dialogne and enquiry;

¢ in a way that provides a management tool to help the reporting organisation evaluate
and continucusly improve its performance and progress;

» in gecordance with well-established, widely accepted external reporting principles, ap-
plied consistently from one reporting period to the next, to promote transparency and
eredibility;

* in a format that is casy to understand and that facilitates comparison with reports by
other organisations;

» in a way that complements, not replaces, other reporting standards, including finaocial;
and

* in a way that illuminates the relationship among the three linked elements of sustain-
ability — economic (incleding but not limited to financial information), environmnental,
and social. ]

The GRI's Sustainability Reporting Guidelines encompass the three linked elements of
sustainability as they apply to an organisation;

Economic: Including, for example, wages and benefits, Iabour productivity, job cre-
ation, expenditures on outsourcing, expenditures on research and development, and in-
vestments in training and other forms of umen capital, The economic element includes,
bt is pot Hmited to, financial information,

Environmental: Including, for example, impacts of processes, products, and services
on air, water, lasd, biodiversity, and human health,

Social: Including, for example, workplace health and safety, emplovee retention, labour
rights, human rights, and wages and working conditions at ontsourced operations,

Fig. 6. the Global Reporting Initiative (http:/fwww.globalreporting.org/).

There is no doubt that a strategic framework for community interaction, which
focuses on the elements of sustainability, is required by the chemical engineering
profession. There is not currently an ‘off-the-shelf” framework that is a universal
good fit. We need to work on it

4.5. Sustainability as a framework for proactive community interaction
Issues in sustainability that fall within the ‘control’ of chemical engineers include

the core clements of The Natural Step and GRI — Life Cycle Analysis and crite-
ria for monitoring performance. These core elements fit well with elements that are
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w In the teaching of the profession:
A greater emphasis on life eycle analysis and sustainability as the key element in all
subjects. Also, training in stakeholder engagement,

s Int the activities of eur professional societies:
Progetive in promoting sustainable practices within the profession and in communica-
tion with the wider public.

o In the practice of the profession: .
A commitment to the London Comeuniqué in order to retain a licence to operate and
an understanding that proactive community interaction comes with the wrritory,

Fig. 7. Inferacting with society — features of 2 frameworl,

the essence of chemical engineering — mass and energy balances, rate processes,
HAZOP analysis. Other importunt factors include .

« 2 focus on risk analysis, - ,
» indicators for effects on thé community, and
« guidelines for informing and educating stakeholders.

Such a framework would be acceptable to both the profession and the COMMUNILY ~
acceptable to the profession because it is “do-able”, that is 1o say that it is possible
to practise the profession within the framework, and aeceptable to the comumunity
because the framework sits on a common ground of mutusl interest in sustainability
and, as such, enables a commen language for dialogue. ) :

How might such a framework be implemented? At ome Jevel, implementation
should include the following steps ' ‘ :

+ Adopted into the chemical engineering cusriculum.
¢ Included in further education and training programs.
+ Guidelines stipulated by the societies and linked to certification.

- This is all well and good, but at a fundamental level it is the individual chemical
engineer who is most iraportant in the process of implementation. This is because it is
the totality of the actions of the individual within the profession that is the most sig-
nificant part of community interaction, Therefore, encouraging proactive interaction
of professional chemical engineers is necessary. In a support role, our societies and
institutions have a role in education and advice to government, as spelled out above
and earlier in this chapter. \ ’

In considering development and implementation of a framework, it is important
also to be aware of potential road blocks fo success, namely “Is the profession
ready?”, Is there other work that needs to be done first? Has enough of the back-
ground work been done to start implementing something that will-be useful or suc-
cessful over the next 3-5 years? With such a. rapid pace of change, will anything
conceived today have relevance tomorrow? oo :
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The fact remains that we have to do something. There is no indication that the
community will lose interest in sustainability. In fact, we are more lkely to see the
focus intensify. It may be that a necessary factor is the need to ensure the approach
we take is flexible, and not limited to today’s perception of sustainability but what .
innovation may provide for tomorow, )

The implication of not adopting a strategic framework for sustainability, as dis-
cussed throughout this chapter, leaves the profession vulnerable. There is a need fo
be proactive in a structured way. A possible framework would encormpass the fea-
tures shown in Fig. 7. For any framework for community interaction fo be successful,
it must also incorporate the three key elements of trust:

o stick to the facts,
« state your intentions clearly,
» be consistent.

And, in stating the facts and your intended course of action, remain open and honest
about the consequences,

&, Conclusion

We end with a proposal. In addressing the topic of chemical engineering and the
community, we strongly advise the need for the profession o be more proactive in its
interaction with the community. Sustainability is proposed as a strategic framework
for such interaction and, indeed, as an overall framework for the profession as it
moves into the 21% Century. : ,

There is a need to be more proactive on sustainability because technology and
society are changing. Without action, we run the risk of becoming less effective. It
can be concluded from the success of others — e.g. Research! America - that being
proactive works well, but requires a framework. '

We note the likelihood of a World Council of Chemical Engineering being formed.
This presents an excellent opportunity to consider potential frameworks and adopt or
develop a suitable one for the profession. ‘
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1. lntroduction

The pace of change is increasing at an ¢xponential rate. In his opening address, Lord
May indicates “science has expanded more in the past half-century than in the sum of
all previous human history” and thers is no issue more public today than science and
jts impact on society. Stem cell research and the debate on use of embryonic cells,
potential implications of the hydrogen ccll, use of nano-technology, not to menfion
the developments in fibre optics and computer processing capabilities are all very
current issues. 15% of power consumption in the USA is used to power the internet
(compared with close to zero 9 years ago). The digital power is thers and peopls
are using it — the ability to disseminate information and share knowledge is driving
continuous innovation at amazing speeds. A revoluiion is occurring — some refer to
the digital revolution (which is the process), the knowledge revolation is the culcome.

So, what does this means for society? The original, more traditional lines of com-
mumnication were hierarchical in nature. People trusted companies and governments o
disseminate information down through fixed channels. This can be referred to as the
*hub-and-spoke’ method of communication, where information disseminates from a
central cote through fixed lines projected radially. Some people may have been scep-
tical of the news they received, but the means of questioning the information, gaining
evidence to support their position, proving possible discrepancies and letting others
know their concetns was not so straightforward. The new way information flows is
less hierarchical, more interlinked. The mechanisms are available to easily access
information on the same topic from more than one source. The framework is net-
works and they are reshaping the way people communicate and changiog the way
we Hve and work. Increasingly, we are relying on networks for our knowledge. And
the knowledge gained is driving inpovation and creating needs, which the technol-
ogy network supplies. In this context, how is the chemical engineering profession
adapting? And, more to the point, why is it important that they do?

&1
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