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Likewise, there are various motives for
being willing to provide toll production
services to another company. An under-
standing of the possible motives on both
sides is important in deciding among var-
ious alternative possibilities when seek-
ing a vendor of toll services or a client for
a toll service facility.

The supply and demand for toll fer-
mentation services is in reasonable bal-
ance at this time, but with important cave-

ats relating to the anticipated scale of the
demand, as well as to the type of product
(e.g., recombinant pharmaceutical pro-
tein), GMP needs, and downstream
processing requirements.

Although it remains to be seen whether
building facilities with the principal pur-
pose of supplying toll services will return
an adequate profit, there is no question
that toll production, whether crude en-
zymes as one extreme or of recombinant

pharmaceutical proteins as the other ex-
treme, is an option which an intelligent
producer must consider carefully.

[I] 1.1.Nicholson, P. Latham, Biotechnology
1994, 12,473.

[2] R.T. Mateles, 'Directory of Toll Fermenta-
tion and Cell Culture Facilities', 2nd edn.,
Candida Corporation, Chicago, Illinois, 1996.

Cost Analysis of Fermentation
Processes
Leo Hepner*

General Aspects

The fermenter yield represents the most
critical parameter concerning the manu-
facturing cost of a fermentation product.
With increasing yield, the manufacturing
cost decreases following an exponential
curve (Fig. 1). In chemical engineering
terms the fermenter yield reflects the pro-
ductivity of the process, i.e., productquan-
tity per reactor unit volume.

Fermenter yield, batch cycle and ca-
pacity utilisation determine the annual
plant output and control fixed costs, in-
cluding processing cost (labour, mainte-
nance, depreciation).
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The product yield from the fermenta-
tion substrate determines variable or raw
material cost. In high-yield fermentation
processes, the yield on substrate is a crit-
ical parameter for the manufacturi ng cost.
In low-yield processes, the yield on sub-
strate is of less relevance. The variable
costs and particularly the influence of the
fermentation substrate on the manufactur-
ing cost is often negligible for low-yield
processes (Fig. 2). As a result the cost of
fermentation substrate as a proportion of
the total manufacturing cost is virtually
constant over a wide range of fermenter
yields. Any yield improvement in the low-
yield range reduces both the absolute var-

iable and fixed cost per kg of product, but
does not change their ratios to each other.

In high-yield processes, the fermenta-
tion substrate must be increased in parallel
with increasing volume productivity. With
increasing fermenter yields, the substrate
cost as a proportion of the total manufac-
turing cost increases steadily, whilst the
relati ve impact of the fixed cost decreases.
This is illustrated in Fig. 2 for bulk prod-
uct, where the carbohydrate substrate at
70% of total manufacturing cost high-
lights the difference between speciality
and bulk products. The recovery yield
influences both variable and fixed costs,
determining the amount of finished prod-
uct harvested from a specific yield for
given variable and fixed costs.

The Table compares the influence of
the various factors on the manufacturing
cost for low- and high-yield processes:
- the raw-material and variable cost are

insignificant in low-yield fermenta-
tions, but crucial in high-yield pro-
cesses.
fixed cost parameters exert significant
influence in the total cost of low-yield
processes. Due to the competitive mar-
ket for bulk products, they are also of
relevance in high-yield processes.

manufacturing costs [USI)/kg]
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In these processes, fixed costs, which
depend on the installed capacity and vari-
able cost, including fermentation substrate,
are constant. The yield depends predomi-
nantly on the genetic characteristics of the
production strain. Modifications resulting
in overproduction of the desired product
improves the fermenter yield based on
virtually the same variable and fixed cost
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Fig. 2. Manufacturing costs of speciality and bulk products

Table. Relative Impact of Process Parameters on Cost Structure

Other variables 15%

Carbohydrate substrate
70%

III<>h-\ lcld<: •
> 50 gil
< 10 D/k

+++

Bulk Product

high-yield fementation:
120g/1 - 3days

Labour, maintenance
and depreciation 15%

Total Manufacturing Costs:
$1.20/kg

Low ield
< I gil
> 500 /kg

Labour, maintenance
and depreciation 80%

Speciality
low-yield fermentation:

19/1- 5 days

Total Manufacturing Costs:
$800/kg

Carbohydrates substrate 10%

Other variables 10%

Yield on fCn11lmlaliuIl ra\~ material

Fermenter Yield
TOIaI manufaclUnng c I

elements in the fermentation and recovery
operations.

As a consequence, the total manufac-
turing cost per kg of product decreases
Iinearl y with any fermenter yield improve-
ment. Although the ratio of variable to
fixed cost under those circumstances stays
constant.

Fixed cost - labour, maintenance and
depreciation - dominates the cost struc-
ture. The recovery yield influences the
total manufacturing cost in a linear man-
ner. If the recovery yield can be increased,
the total manufacturing cost decreases pro-
portionately. In low-yield fermentations,
the recovery yield is often in the range of
50-70% since the product must be sepa-
rated and purified from the aqueous phase
and from undesired by-products. The an-
nual contribution of maintenance and de-
preciation is assumed at 15% on fixed
assets, equipment and buildings, battery
limit.

Two other parameters, batch cycle and
capacity utilisation, also determine the
volume productivity. These parameters
only influence the fixed cost allocation of
the product volume. Any reduction in batch
cycle or increase of capacity utilisation
decreases the absolute fixed cost per kg of
product and its relative impact on the cost
structure.

High- Yield Fermentation Processes

Raw material price

Fermentation ulililie~

+++

+

The same is true for maintenance and
depreciation which in absolute terms, how-
ever, contribute a larger proportion of the
total fixed and total manufacturing cost
than labour costs.

- = insignificant; + = relevant; ++ = important; +++ = crucial.

High-yield fermentations apply to pri-
mary metabolites, i.e., citric acid, lysine.
Product formation depends on a weight-
by-weight conversion of substrate into
product. Any further yield improvement
requires a parallel increase of substrate
concentration. In consequence, the raw
material input per product quantity re-
mains constant, but the allocated fixed
cost per product quantity as well as the
share of the fixed cost of the total manu-
facturing cost both decrease.

Any increase in yield increases the
cost ofthe fermentation substrate. In high-
yield fermentations, the total manufactur-
ing cost no longer decreases linearly with
yield improvements, but asymptotically
approaches the feedstock cost. In view of
the predominance of substrate cost in high-
yield fermentations, any improvements in
recovery yields influence the cost of the
feedstock as a proportion of the total man-
ufacturing cost.

The carbohydrate yield or conversion
factor for various fermentation products is
50% for ethanol, 78% for citric acid and
95% for lactic acid. The lower the conver-
sion of substrate into product, the higher
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the relative proportion of feedstock and
variable cost of the total manufacturing
cost. Similarly, carbohydrate price increas-
es affect both the manufacturing cost as
well as the relative share of the variable
cost.

Labour costs contribute less than 10%
of total cost. Any reduction in labour cost
due to automation or the choice of a low-
wage country is of immediate significance
for a commodity product under highly
competitive conditions. The overall ratio
of variable to fixed cost is only marginally
influenced by a reduction in labour cost.
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