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L ast year, Stedim commissioned 
BioPharm Services (working 
in partnership with Clean 
Design, an architectural firm) 

to evaluate the impact of available 
single-use technology on the design 
of a multiproduct mammalian cell 
culture facility. The facility design 
looked afresh at facility layout by 
taking full account of single-use 
technology. Costs of the concept 
facility are compared here with an 
equivalent traditional facility.

Part 1 of this article (1) focused on 
how available single-use technologies 
can be used to rethink how we design 
and operate our facilities. Particularly, 
innovations in transwall transfer and 
aseptic connection technologies 
(Stedim’s RAFT system and Pall’s 
Kleenpak connectors), coupled with 
single-use bags, allow facility designers 
to move solutions from processing 

areas and eliminate the requirement 
for recycling support equipment 
through washing and autoclave suites.

In this issue, we consider the 
economic impact of the technologies 
used in our concept facility (Figure 1). 
Application of these technologies 
allowed us to radically rethink the 
layout and operations approach. 
Disposables technology allows a 

designer to simplify flows of people 
and materials, decouple solution 
preparation from the process, reduce 
footprint and equipment requirements, 
and reorganize/reduce labor 
requirements. Significant benefits are 
realized in design build and facility 
operation by enabling fast product 
changeovers, enhanced security, and 
cost-effective manufacturing that 
reduces labor, utilities, and capital use. 
Here, we look at how those qualitative 
benefits translate through to 
quantifiable savings in terms of capital, 
time to build, and cost of goods. 

Our objective was to design a 
commercially relevant production 
facility around the use of disposables 
technology and compare it with a 
conventional stainless-steel–equipped 
operation. This multiproduct facility 
would manufacture mammalian-based 
therapeutic proteins for Phase III 
clinical trials, building up materials  
for product launch and small-scale 
production. The design should 
simplify operations while maximizing 
operational flexibility and minimizing 
capital and operating costs.

Concept Facility Based on  
Single-Use Systems, Part 2
Leading the Way for Biomanufacturing in the 21st Century

by Andrew Sinclair and Miriam Monge

D I S P O S A B L E S  COST COMPARISON

Figure 1: Concept facility layout (WWW.BIOPROCESSINTL.COM/SPECIAL/CONCEPT.PDF)
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CAPITAL ESTIMATE

One objective of our study was comparison of a concept facility 
with an equivalent traditional facility. Two capital estimates 
were prepared and compared (summarized in Table 1).

Based on single-use systems, the concept facility 
incorporates technologies and design basis described in Part 
1 (1). The basis for the traditional facility is an update of a 
previous design (2) carried out to ensure that both facilities 
both facilities operate at the same scale and the same 
throughput.

For the concept facility, significant reductions in support 
equipment lessen the extent of installation and design 
efforts. Coupled with simplification of the layout, such 
reductions significantly lowered capital requirements. The 
method used for estimating the necessary capital for these 
two facilities is detailed below.

Method: Production-line equipment was sized for 
throughput based on a 1000-L perfusion bioreactor. A 
dynamic process simulation was used to estimate the size  
of each utility infrastructure and, where required, the extent 
and number of vessels needed for solution preparation/
holding and product holding, as well as clean-in-place (CIP) 
skid requirements. A detailed equipment list was compiled 
for both facilities based on the output of that simulation. 

Among the equipment items removed from the concept 
facility list were autoclaves, washing machines, and high-
quality utilities. Certain specialist items were added to the 
concept model, e.g., bag containers and tube fusers. Process 
equipment costs come from an internal database of costs 
from recent projects (both US and European) with vendor 
information. Where equipment sizes did not match, cost-
estimating factors were used (3). The size and price of vessels 
and palletanks/drums were calculated differently using a 
lookup table based in the internal database of costs.

Total installation costs for both facilities (detailed in  
Table 2) were estimated by applying Lang factors (4) based  
on the major equipment cost estimate. Factors used were 
based on recent projects at an equivalent technology and  
scale. Electrical installation costs for the concept facility  
were reduced by 50% because nonprocess electrical installation 
costs were included in the building package estimate. Two 
methods were used to estimate building costs (Table 2). For 
the traditional facility, Lang factors were used. For the concept 
facility, Clean Design prepared layouts it had used to prepare 
a building cost estimate including a building shell, cleanroom 
fit-out, building services, and clean utilities.

Engineering (to operational qualification, OQ) costs 
included some validation costs. These were taken as 30.2% 
of the total project cost excluding process validation. This 
was based on historical information, but it overestimated 
such costs associated with the concept facility, where the 
design is relatively simple.

Additional validation costs covering performance 
qualification and validation elements associated with starting 
up an operation are based on a limited client survey (of three 
companies). Taking the average figures, it was estimated for 
a traditional facility that such costs amount to 12.5% of the 
total project cost (including validation), that the ratio of 
clean- and steam-in-place (CIP–SIP) to other validation is 

Figure 2: Cost of goods (COG) spreadsheet structure
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Table 1: Capital summary

Traditional Concept
Process equipment € 7,300 € 4,100

Installation € 8,900 € 4,500

Building € 7,300 € 5,700

Engineering (to OQ) € 10,200 € 6,200

Validation € 4,800 € 2,200

Total € 38,500 € 22,600

Savings 0% 41%

Table 2: Lang factors used in the capital estimate (contingencies excluded)

Traditional Concept
Process Equipment Subtotal 100% 100%
Installation Pipework, installation 51.0% 51.0%

Electrical power 19.8% 9.9%
Control, instrumentation 51.0% 51.0%
Subtotal 121.9% 112.0%

Building Costs Shell 24.5%
Cleanroom fit-out 12.0%
Building services 62.5%
Subtotal 99.0%

Figure 3: (TOP) Palletank containers for disposable bags (BOTTOM) single-
use rapid aseptic fluid transfer (RAFT) system
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60:40. When considering disposables, 
users reported that they would reduce 
the CIP–SIP by 66%. An allowance of 
5% (of validation costs) was included 
for disposable materials validation.

Capital Comparison: Table 3 breaks 
out each cost category summarized in 
Table 1 into more detail, providing 
insight into areas affected by single-use 
technology. The main impact is reflected 
in the amount of equipment needed to 
support major process operations. In this 
case, no significant difference was seen 
in the cost of the main production-line 
equipment (inoculum line through to 
filling), but costs associated with support 
infrastructure were dramatically reduced: 
solution handling (media, buffers, and 
products), associated cleaning/
sterilization equipment, and the 
associated high-quality utility 
infrastructure. Those reductions have 
major implications for installation and 
associated facility costs and carry 
through into all areas of the capital  
cost estimate.

COST OF GOODS

To fully evaluate the economic impact 
of the equipment savings, we compared 
the cost of goods (COG) for both 
facilities. COG is a fairer comparison 
than capital cost because it takes into 

account all differences in material costs, 
labor costs, and facility productivity.

In addition to estimating 
equipment, our process simulation 
model automatically transfers key 
performance data to a COG 
spreadsheet at the end of a simulation 
run. Specific data relating to each 
facility include capital requirements 
for CIP, utility systems, the number 
and size of hold vessels used by the 
vessel submodel, and the number of 
disposable bag containers required  
for the disposable submodel; material 
(all critical utility consumptions, CIP 
chemical use, and the number of 
disposable bags used by the disposable 
submodel) and consumables (bags 
with filters, disposable Rapid Aseptic 
Fluid Transfer system, Kleenpak 
connectors) consumptions per batch; 
and production rate.

COG is built-up from a number of 
cost centers, each of which is broken 
down on a separate worksheet. Figure 
2 illustrates the relationship between 
data generated by the simulation and 
COG modules. Each cost center is 
briefly described below, including 
details of the simulation results and 
user inputs that are the basis of the 
estimate, the calculation method,  
and key results.

Labor: The COG model was used 
to estimate the number of production 
operators and supervisors required  
per shift in cell culture, purification, 
and solution preparation. A total 
production headcount was calculated 
by multiplying the headcount per shift 
by four shifts per day (required for 
operating 24 hours/day, seven days/
week). Headcount savings are assumed 
in production, engineering, and quality 
when using disposable bags in place of 
fixed vessels for the following reasons: 

• Elimination of support CIP 
(except for that associated with 
individual process equipment)

• No vessels, autoclaves, or washing 
machines

• Reduced utility system 
infrastructure

• Smaller footprint for cleanrooms
• Simplified logistics.
All key support functions should  

be disproportionately reduced as a 
consequence of the reduced 
infrastructure. The lowered support 
headcount from traditional to concept 
facility is defined as a percentage of 
the operations headcount. Actual 
figures are in Table 4. The total 
headcount (Table 5) was used to 
estimate annual salary costs with an 
average salary cost and overhead.

Operations: The direct production 
headcount was used to estimate 
headcounts for planning and materials 
management, engineering, quality, and 
other departments (e.g., administration 
and sales) using scaling factors 
estimated from benchmarking studies 
of biomanufacturing operations.

Others: This covers logistics and 
general management, with simplified 
materials management and scheduling 
estimated to reduce headcount by 30% 
and 20% respectively.

Engineering: The capital equipment 
requirement fell by about 45% for the 
concept facility, mainly in the high-
quality systems. Reductions in areas/
systems required a disproportionate 
level of maintenance involvement. So  
a 50% reduction in headcount was 
applied relative to the traditional 
facility.

Quality: With much of the utility 
systems removed as well as CIP, SIP, 
autoclaves, and vessels, we estimated 
significant reductions in revalidation, 

Table 3: Capital breakdown (in Euros) for the two facilities
Traditional Concept Difference

Process Equipment Inoculum 112,000 112,000 0%
Seed Cell Culture 739,000 739,000 0%
Production Culture 492,000 438,000 –11%
Harvest 360,000 51,000 –86%
Previral Purification 1,340,000 1,400,000 4%
Postviral Purification 738,000 781,000 6%
Filling 27,000 28,000 4%
Media Preparation 238,000 131,000 –45%
Buffer Preparation 594,000 168,000 –72%
Steam-in-Place 123,000 0 0%
Clean-in-Place 367,000 0 0%
Process Utilities 1,124,000 82,000 –93%
Solution Handling 1,077,000 124,000 –88%
Subtotal 19.0%     7,331,000 17.9%      4,054,000 –45%

Installation Pipework, Inst. 3,742,000 2,070,000 –45%
Electrical Power 1,451,000 401,000 –72%
Control, Inst. 3,742,000 2,070,000 –45%
Subtotal 23.2%     8,935,000 20.1%      4,541,000 –49%

Building Shell 1,795,000 1,585,000 –12%
Cleanroom Fit-Out 878,000 1,102,000 26%
Building Services 4,582,000 2,968,000 –35%
Subtotal 18.8%     7,255,000 24.0%      5,656,000 –22%

Engineering to OQ 26.5%  10,195,000 27.2%     6,166,000 –40%
Validation Validation (SIP, CIP) 7.5%    2,890,000 4.3%        983,000 –66%

Other validation 5.0%    1,927,000 5.0%     1,132,000 –41%
Bag validation 0.0%                   0 0.5%        111,000 0%
Subtotal 12.5%     4,817,000 9.8%       2,226,000 –54%

Total 100.0%   8,533,000 100.0%   22,643,000 –41%
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documentation, and environmental monitoring. So a quality 
headcount reduction of 35% seems reasonable.

Materials: Process materials include media, buffer 
solutions, concentrated cleaning chemicals (caustic and acid) 
and high-quality utilities (process water, water-for-injection, 
and clean steam). Media and buffers are prepared from solid 
salts using PW or WFI. Our simulation reported the total 
volume of each type of media, buffer, utility, and CIP 
chemicals. Amounts used were multiplied by unit costs  
to calculate a total cost over the course of the simulation. 
That figure was used to calculate the annual cost.

Consumables: This cost category includes filter 
membranes (micro-, viral, and ultrafiltration) and 
chromatography media. For the concept facility, single-use 
systems, disposable connectors, and transwall transfer costs 
are also included (Figure 3). 

The spreadsheet uses estimates of consumables prepared 
by the process simulation, which reported total 
consumption of Stedim Flexboy and Flexel 3D bag systems 
for each volume used, the size and number of disposable 
filters used, and the number of Kleenpak connectors and 
RAFT systems used for aseptic connections and disposable, 
rapid, aseptic fluid transfer.

Costs per batch were calculated by summing up each 
component’s cost (multiplying the number and volume used 
by each unit cost). These were divided by the number of 
simulation hours and then multiplied by the number of 
hours per year to yield the annual cost.

Indirect Materials: The costs of indirect materials and 
engineering spares are calculated at 18% of the production 
personnel and 32% of the engineering maintenance salary 
costs, respectively. These factors are based on benchmarking 
studies of biomanufacturing facility operations at a 
comparable scale.

Capital Charge: This capital estimate is used to calculate 
an annuity charge based on an eight-year plant life and a 
15% capital cost. The annuity charge is used for COG 
comparison.

Waste Management: This category includes wastewater 
treatment and incineration costs for plastics. A recent 
survey of key European biopharmaceutical industry players 
gave an average cost for wastewater treatment of €0.65/m3, 
whereas the cost of plastics incineration averages €115/ton. 
The total amounts of water and bag consumption were 
multiplied by the unit waste management costs to compute 
a total waste treatment cost for one campaign. (There is no 
incineration cost for plastics in a traditional facility.) The 
resulting figure was used to calculate the annual cost. 

COST OF GOODS COMPARISON

Our concept study applied the most recent innovative 
single-use technologies to facility design, comparing them 
with a traditional stainless steel facility. Table 6 compares 
COG for the two facilities, taking into account the capital 
charge and running costs.

For a true estimate of COG, capital cost must be factored 
into the calculations. Significant capital savings of 41% seen for 
the concept facility translate through to COG savings (Table 6) 
amounting to 17%, demonstrating that, despite the additional 

consumable costs associated with disposables, significant  
cost reductions can be gained by aggressive adoption of the 
technology. As Table 6 shows, the consumables cost increase  
is more than compensated by reductions in the costs of labor, 
materials, indirect materials, and capital. 

In both the traditional and concept facilities, the cost of 
waste management is negligible compared with other cost 
categories. Nevertheless, our results show that wastewater 
treatment actually costs twice what disposables incineration 
costs (€/g). Waste-management costs are based on European 
figures here; they will differ across geographic regions.

The capital charge is the most significant saving (Figure 
4). For a new capital investment, it is important to know 
that significant capital savings do not burden a facility with 
additional operating costs. Capital is often ignored in COG 
calculations. If it were excluded, net savings would still be 
achieved: By excluding the capital charge from our analysis, 
the savings would be reduced from 17% to 6%. So even if 

Figure 4: Disposable application savings (€/g)
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Table 4: Labor benchmarking factors
Traditional Concept Savings

Operations 100% 100% 0%
Planning and  
Materials Management 22% 15% 30%
Others 22% 18% 20%
Engineering 10% 5% 50%
Quality 63% 41% 35%

Table 5: Estimated head count
Traditional Concept

Operations 88 85
Planning and Materials Management 19 13
Others 19 15
Engineering 9 5
Quality 55 35
TOTAL 190 153

Table 6: Cost of goods (COG) comparison (including capital) in €/g
Traditional Concept

Labor 129.1 99.3
Materials 39.7 36.8
Indirect Materials 53.0 47.9
Consumables 26.3 49.2
Capital 96.2 54.0
Waste Management 0.2 0.1
TOTAL 345.0 287.0

Savings 0.0% 17.0%



capital is not considered, running cost 
savings come with the application of 
single-use systems. This is important 
to note because it is often assumed 
that disposables-based facilities are 
more expensive to operate.

AND THAT’S NOT ALL

Our study focused on the economic 
comparison of using single-use 
technologies with conventional 
stainless steel equipped operations. 
The financial benefits are described  
in our COG analysis. Such benefits 
derive primarily from a radical 
rethinking of the way a facility is 
designed and operated. So although 
we describe financial benefits here, 
other operational benefits derive from 
the design.

Another benefit that can be derived 
from disposable materials is 
eliminating equipment and component 
turn-over within a facility. This allows 
for segregation of materials 
distribution, solution make up,  
and solution storage from process 
operations. It greatly simplifies 

operations, reducing the amount of 
equipment, simplifying flows of 
material and people, and improving 
final product integrity by removing or 
at least minimizing aseptic operations. 

Our concept facility study provides 
scientific evidence for the benefits of 
using disposable technologies over 
traditional facilities. These include 
enhanced product security, fast 
changeovers, more flexible and 
efficient manufacturing operations 
(with better use of personnel time, 
minimized support activities, and 
simplified operations), reduced 
operating costs (in maintenance, 
operations, and validation), lower 
capital costs, and faster build times. 
The bioprocessing industry is 
recognizing the true potential of 
single-use systems. It is now clear  
that integrating such technologies  
will be a principal key to the success  
of the industry in its continued drive 
for process optimization.
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