Fermentation Economics

A number of basic objectives are commonly used in developing a successful process which
will be economically viable.

 The capital investment in the fermenter and ancillary equipment should be
confined to a minimum, provided that the equipment is reliable and may be used
in a range of fermentation processes.
 Raw materials should be as cheap as possible and utilized efficiently. A search for
possible alternative materials might be made, even when a process is operational.

 The highest-yielding strain of micro-organism or animal cell culture should be
used.
 There should be a saving in labour whenever possible and automation should be
used where it is feasible.
 When a batch process is operated, the growth cycle should be as short as possible
to obtain the highest yield of product and allow for maximum utilization of
equipment. To achieve this objective it may be possible to use fed-batch culture.

 Recovery and purification procedures should be as simple and
rapid as possible.

 The effluent discharge should be kept to a minimum.
 Heat and power should be used efficiently.
 Space requirements should be kept to a minimum, but there
should be some allowance for potential expansion in production
capacity.
 All the above must comply with safety guidelines and
regulations.

Three key economic objectives in the fermentation stage:

1. Maximum product yield
2. Process productivity
3. Substrate utilization
The demands of subsequent purification stages for high product concentration and high
product purity with safety considerations.

Four basic components contributed to the process cost in the following decreasing
order:

Raw materials > Fixed costs > Utilities > Labour.

ISOLATION OF MICRO-ORGANISMS OF Potential INDUSTRIAL INTEREST

Important factors which will be of economic significance includes:

1. Growth on a simple cheap medium.
2. Growth at a higher temperature (to reduce cooling costs).
3. Better resistance to contamination.(Easy containment)

The 'designed' isolation media are now being used extensively for the isolation of novel
and rare microorganisms.

It has become a common practice to obtain isolates from unusual habitats, which may
include extreme environments, to ensure that the greatest microbial diversity is being
examined

STRAIN IMPROVEMENT
 Strain improvement using a mutation/selection programme for improving an organism
is a potential process which can be very cost effective.
 The mutation programmes significantly increased the penicillin yields from less than
100 units cm-3 in the 1940s to over 51,000 units cm-3 by 1976 and a four-fold increase in
yields between 1970 and 1985.

MARKET POTENTIAL
 The fermentation technologist should be aware of the problem of assessing market
potential.
 It is necessary to estimate the size of the present and potential market and the increase in
demand for a compound.
The product which was marketed as an animal protein feed during the 1980s could not
compete for price with soya beans in current market and the manufacturing plants were
closed down
Four categories of microbial product can be recognized economically and it is important
to consider to which category a compound belongs:

Recombinant Pharmaceutical
 The recombinant protein is produced by a precisely specified process using high quality
substrates and processed and purified in an aseptic pharmaceutical facility that has been
inspected and licensed by the CBER (Center of Biological Evaluation and Research) of the
FDA.
 Steps must also be taken to ensure that there is no cross contamination if more than one
product is produced in the same facility.
 Any changes in a process or facilities must be approved by the CBER before
implementation. It may take 7 years to obtain approval by the CBER for a production plant.

 In contrast, the requirements for an antibiotic production plant are less stringent and it
may be operational in 4 years. The delay in start up to produce the recombinant protein will
result in much higher costs.
 It is important to remember that the detailed clinical evaluation of a microbial compound
as a drug, plus FDA approval, may take 8-10 years from initial discovery and cost up to
$150 X 106.

Recombinant Therapeutics

Future prospects set in 2006
 Annual biopharmaceutical R&D expenditure has stood at $19–$20 billion over the past
three or four years and biotech-based products are increasingly dominating the pipeline.
An estimated 2,500 biotech drugs are in the discovery phase, 900 in preclinical trials and
over 1,600 in clinical trials.

 Overall, this represents 44% of all drugs in the development phase and 27% of all
drugs in both preclinical and clinical trials.
 Cancer remains the most common target indication for biopharmaceuticals in
development, whereas mAbs and vaccines represent the most significant categories by
product number.
 Annual sales of approved biopharmaceuticals were estimated at $33/billion. Sales
values of therapeutic mAbs are expected to reach $16.7 billion by 2008.
 The non–mAb-based therapeutic proteins are forecast to reach $52 billion by 2010.
 In total, the total biopharmaceutical market should approach or perhaps exceed $70
billion by the end of the decade.

What determines the cost in industrial production
 Raw materials
 Utilities
 Labour and supervision
 Fixed charges
 Maintenance

 Operating supplies
 Waste
 Materials
 Recovery
 Other/contingent plan cost

Plant and equipments (Bioprocess Development)
 The operational vessel volume is a critical factor when considering high volume-low
cost products.
 Cooling and aeration requirements and the method of fermentation vessel construction
also very critical.

Media composition
 The cost of the various components of a production medium can have a profound effect on the
overall cost of a fermentation process, since these account for 38 to 73% of the total production cost.
 The organic-carbon source in microbial processes is usually the most expensive component
contributing to the cost of the process.
 The price of a natural material may fluctuate due to other competing demands and the annual
variation in the quantity harvested.
 Big capital investment may be tied up in natural materials if they are seasonal and require storage.
(A particular material may be selected because it is cheap locally, rather than the best substrate)
 A variety of waste materials would seem to be potential cheap carbon sources. Unfortunately, it has
been shown that their use is very restricted because they cannot compete economically with
conventional substrates.
 This may be due to a number of possible reasons including variability of the material, impurities
which make downstream processing more difficult, high water content making transport costly,
geographical location, quantities produced and limited seasonal availability.
 Problems concerned with the storage, handling and mixing of media should not be neglected.
 Powders must be kept in dry conditions because of the possibility of substances becoming rock-like
or glutinous.

AIR STERILIZATION

 The problems associated with producing large volumes of sterile air for
aerobic fermentations are unique.
 Sterilization by heating is technically possible,
 Absolute fixed-pore membrane systems using pleated membranes of Polytetra-fluoro-ethylene PTFE are now widely used in the fermentation Industry.

 Factors to consider include the cost of replacement filters or filter materials,
servicing and Labour.
 The treatment of fermenter exhaust gases to satisfy containment requirements
is also important.
 Treatment is normally by filtration with 0.2 mm microfilters, but in-line
incinerators may be an alternative approach.

HEATING AND COOLING
Ideally there should be no heating or cooling at any stage in a fermentation process, but because this
is virtually impossible, heat should be conserved and cooling minimized by careful process design.

A fermentation may include the following heating or cooling stages:
1. Sterilization or boiling of the medium to 100° or above followed by cooling to 35° or below.
2. Heating the fermenter and ancillary equipment to sterilize it, followed by cooling.

3. Heat may be generated during the fermentation. This heat output has to be removed by cooling
to maintain the growth temperature of the microorganism within prescribed limits.
4. After harvesting, heat may be required to remove water from the product.
 Cooling requirements will be influenced by the size and type of an individual process

 Another way to minimize cooling costs is to use microorganisms with higher optimum growth
temperature
 The selection and use of thermophiles and thermotolerant organisms would have obvious
advantages to reduce cooling demands

AERATION AND AGITATION

Nearly all fermentations require some form of mixing to maintain a constant environment,
and many also need aerating. Fermentations may be broadly classified into:
1. Fermentations which are anaerobic where oxygen is undesirable, e.g. acetone-butanol.
2. Fermentations which have a minimal oxygen demand, e.g. ethanol.
3. Fermentations which have a high oxygen demand, e.g. antibiotics, acetic acid, single-cell
protein.

RECOVERY COSTS
The costs of product recovery and purification are rarely quoted, though in some processes
they are obviously considerable.
Fermentation: purification cost :: 1:1 and with recombinants 1:10; This means that the
fermentation may only be 10% of the costs, while the recovery accounts for 90%.
The correct choice of the recovery-purification procedure can be crucial: following factors
contributes in cost escalation of the process
1. Yield losses, even if only modest, are certain to occur at each stage of the recovery
process.
2. High energy and maintenance costs associated with running filtration and centrifugation
equipment.

3. High costs of solvents and other raw materials used in recovery and refining of products.

WATER USAGE AND EFFLUENT TREATMENT
Many fermentations have a high daily water usage

 In the majority of fermentation processes it is impossible to dispose of effluents at zero
cost.
 The waste is incinerated, dumped on waste land, or discharged to sewers, rivers or tidal
waters, some expenditure will be necessary for treatment that ensures that minimal harm is
done to the environment.

