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Systematic methods for synthesis and design of sustainable chemical and
biochemical processes

Rafiqul Gani
CAPEC, Department of Chemical & Biochemical Engineering
Technical University of Denmark

Chemical and biochemical process design consists of designing the process that can sustainably
manufacture an identified chemical product through a chemical or biochemical route. The chemical

| (i - product tree is potentially very large; starting from a set of basic raw materials (such as petroleum,

biomass, coal, natural gas, rock, efc, that are usually extracted), to a bigger set of basic chemical
products (such as, ethylene, benzene sulfuric acid, ammonia, efc, that are produced in large
quantities), to an even bigger set of intermediates (such as, methanol, urea, succinic acid, ethylene
giycol, efc, that are produced from the basic chemicals), to a very large number of refined chemicals

-+ and consumer products (where the chemical selected as the active ingredient is usually used in small
. Quantity). At the top, the chemical products are usually from the life sciences, pharmaceutical, food
~ and related industries and their development is principally based on experiment-based trial and error
approaches. At the lower-middie end, the chemical products usually from the oil, petrochemical and
ﬁ-"_-;hemical industries and use of model based tools in their development is quite common. Using raw
~materials from the renewable resources, the sustainability of the product and therefore the process
. can be improved. Also, the number of alternatives that exist provide opportunities and challenges to
find the best synthesis routes, for example, for process intensification or a multi-product processing
complex like a biorefinery.

The process synthesis design problem can be formulated as one where first a synthesis-design

 target (a process with desired qualities) is defined and then design alternatives (process flowsheets
- for different raw material-product connection) that match the target are identified and ordered
according to a performance index. One way to achieve this, Is to derive a generic mathematical
formulation of the synthesis-design problem and then to decompose it into a set of easily manageable
and solvable sub-problems. The sub-problems are solved according to a hierarchy that gradually

. decreases the number of feasible alternatives. The finai step involves solving a well-defined
optimization problem or simply ordering the feasible solutions according to defined performance
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criteria to determine the optimal solution. This synthesis-design approach is suitable for problems th

are highly non-linear, contain models and data from different sources, has a large combinatorial.
P

problem size, and/or require the use of multiple methods and tools ' \

The decomposition based “define target — match target” approach to process synthesis-desi'g_g 3
has been converted into model-based computer-aided tools for process intensification, sustainabfe 4
process design, . identification of optimal biorefinery models as well as integrated process-contr‘ b
design, and chemical product design. The lecture will present the main concepts, the decompositiol | A
based solution approach, the developed methods and tools together with illustrative example
covering chemical and biochemical process synthesis and design.
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