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The need for innovative and significantly better solutions than we currently can obtain has become critical 
and urgent because of the grand challenges of health, food, water, energy and environment that we are 
facing. The way we convert our resources to the chemicals-based products that we need for the survival of 
our society is clearly not working as evidenced by the sharp drop of earth’s biocapacity, measured in terms 
of hectares per person. The solution of this complex problem offers the opportunity for fundamental 
advances in science and technology. However, one area that needs urgent attention is our solution approach 
where we predominantly either use experiment-based trial and error approaches, or model-based computer 
aided techniques. While the former guarantees an experimentally verified solution but does not guarantee 
that better solutions do not exist, the later is able to quickly find the best solution within a defined search 
space using validated models. Both, however, lack predictive capabilities. That is, ability to find solutions 
beyond the scope of the technologies they are employing. This presentation focuses on issues related to 
model-based computer aided techniques and what must be done to overcome them. 

The development and use of the so-called process simulator has without doubt achieved great success. 
The petroleum and related industries have made significant progress towards achieving reliable design, 
safer operation, with for example, lower energy consumption and higher profit. This success, however, has 
lead to a negative trend, that is, replaced the trial and error experiment-based solution approach to the trial 
and error simulator-based solution approach, which is a faster and less expensive option. However, does it 
lead to the innovative and significantly better solution that we now need? The current unit-operation based 
process simulators have an inherent deficiency that they do not have the capability to find new and 
innovative processing routes involving newly developed technologies.  That is, should we look for solution 
approaches that are not so simulator specific? Are simulators able to solve the current problems we are 
interested in? If not, should we develop new methods & tools, or, should we wait until the simulators have 
the needed capabilities, such as the ability to find innovative solutions? A critical issue here is to understand 
the role of the process simulator – it is by definition, a tool to verify and not to determine the synthesis of a 
processing route, the actual process design, or the operation design or sustainable process alternatives and 
many more. They should be used for the purpose they are developed for. 

Clearly, a new class of methods and associated model-based computer aided tools are needed, where 
predictive and innovative capabilities are provided. Also, the many current and future needs, which may 
change, must be satisfied. For example, capabilities to synthesize new processing routes; to design 
chemicals-based products; to integrate resource management-utilization; to synthesize new intensified 
operations; to generate sustainable process alternatives and many more. Therefore, rather than provide 
large, complex and rigid process simulators, it could be useful to provide tailor-made problem specific tools 
configured from a library of different software components (databases, models, design work-flows, analysis 
tools, solvers, etc.) according to the needs of the user. Note that here, the process simulator is one of many 
components and the models in the component library need to have predictive capabilities. It should be 
possible to generate tailor-made tools of different scales with smooth transition from one scale to the other 
for similar applications. 
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