
BioPharm
INTERNATIONAL

www.biopharminternational.com

The Science & Business of Biopharmaceuticals

eBook Supplement

Single-USe 
SyStemS

March 2014

ES397853_BPSUPP0314_CV1.pgs  03.03.2014  18:35    ADV  blackyellowmagentacyan



www.parker.com/dhsingleuse  
Europe: phone +44 (0)191 4105121 - email: dhprocess@parker.com

North America: toll free  877 784 2234    -  email: dhpsales.na@parker.com
                                  phone +1 805 604 3400 

The addition of single-use innovator SciLog to filtration specialist Parker domnick hunter, 
marked the birth of a new global solutions provider for the biopharmaceutical industry.

Our complementary bioprocessing technologies can be integrated into  
application specific, single-use solutions that shorten product development  
times and improve productivity.

Find out more at www.parker.com/dhsingleuse

Together, we can
create your single-use solution.

Visit us at:
• Interphex, New York, Booth 2671 - Mar 18-20

• BPI European Conference & Exhibition, Prague, Booths 30 & 35 - Apr 2-3

ES400377_BPSUPP0314_CV2_FP.pgs  03.05.2014  03:36    ADV  blackyellowmagentacyan



BioPharm
INTERNATIONAL

eBook Supplement

Contents
The Science & Business of Biopharmaceuticals

©2014 Advanstar Communications Inc. All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic or 
mechanical including by photocopy, recording, or information storage and retrieval without 
permission in writing from the publisher. Authorization to photocopy items for internal/
educational or personal use, or the internal/educational or personal use of specific clients 
is granted by Advanstar Communications Inc. for libraries and other users registered with 
the Copyright Clearance Center, 222 Rosewood Dr. Danvers, MA 01923, 978-750-8400 
fax 978-646-8700 or visit http://www.copyright.com online. For uses beyond those listed 
above, please direct your written request to Permission Dept. fax 440-756-5255 or email: 
mcannon@advanstar.com.

Advanstar Communications Inc. provides certain customer contact data (such as 
customers’ names, addresses, phone numbers, and e-mail addresses) to third parties 
who wish to promote relevant products, services, and other opportunities that may be of 
interest to you. If you do not want Advanstar Communications Inc. to make your contact 
information available to third parties for marketing purposes, simply call toll-free 866-529-
2922 between the hours of 7:30 a.m. and 5 p.m. CST and a customer service representative 
will assist you in removing your name from Advanstar’s lists. Outside the U.S., please 
phone 218-740-6477.

BioPharm International does not verify any claims or other information appearing in 
any of the advertisements contained in the publication, and cannot take responsibility for 
any losses or other damages incurred by readers in reliance of such content.

BioPharm International welcomes unsolicited articles, manuscripts, photographs, 
illustrations, and other materials but cannot be held responsible for their safekeeping 
or return.

To subscribe, call toll-free 888-527-7008. Outside the U.S. call 218-740-6477.

Single-Use 
Systems

PRE-PACKED 
CHROMATOGRAPHY COLUMNS 

Innovation in Pre-Packed 
Disposable Chromatography Columns
Eric Langer  4

DOWNSTREAM PROCESSING 

Single-Use Technology 
in Downstream Processing
Adeline Siew  8

SUPPLY CHAIN 

Achieving Supply Chain 
Excellence in Single-Use Systems
Simon Chalk  12

OPERATION MANAGEMENT 

Configuring Manufacturing 
Operation Management Applications
Gloria Gadea-Lopez  14

ENVIRONMENTAL LIFECYCLE 

An Environmental Lifecycle 
Assessment of Single-Use and 
Conventional Process Technology: 
Comprehensive Environmental Impacts
William Flanagan, Matthew Pietrzykowski, Vincent Pizzi, 

Andrew Brown, Andrew Sinclair, Miriam Monge  17

FILL/FINISH 

Single-Use Technology
Andrea Detroy, Christian Matz, Mark Leykin, 

Ernest Jenness, and Ross W. Acucena  24

Ad Index  30

EDITORIAL

Editorial Director Rita Peters rpeters@advanstar.com

Managing Editor Susan Haigney shaigney@advanstar.com 

Scientific Editor Adeline Siew, PhD asiew@advanstar.com

Community Editor Melanie Sena msena@advanstar.com

Art Director Dan Ward dward@media.advanstar.com

Contributing Editors Jill Wechsler, Jim Miller, Eric Langer, 
     Anurag Rathore, Jerold Martin, Simon Chalk, and Cynthia A. Challener, PhD 
Correspondents Hellen Berger (Latin & South America, hellen.
berger@terra.com.br), Jane Wan (Asia, wanjane@live.com.sg),
     Sean Milmo (Europe, smilmo@btconnect.com)

ADVERTISING

Publisher Mike Tracey mtracey@advanstar.com

National Sales Manager Steve Hermer shermer@advanstar.com

East Coast Sales Manager Scott Vail svail@advanstar.com

European Sales Manager Chris Lawson clawson@advanstar.com

Senior Sales Executive Christine Joinson cjoinson@advanstar.com

Market Development, Classifieds, and 
   Recruitment Tod McCloskey  tmccloskey@advanstar.com

Direct List Rentals Tamara Phillips tphillips@advanstar.com

Reprints 877-652-5295 ext. 121/ bkolb@wrightsmedia.com
   Outside US, UK, direct dial: 281-419-5725. Ext. 121

PRODUCTION

Production Manager Jesse Singer jsinger@media.advanstar.com

AUDIENCE DEVELOPMENT

Audience Development Kelly Kemper 
    Kelly.Kemper@advanstar.com

Joe Loggia, Chief Executive Officer; Tom Florio, Chief Executive Officer 
Fashion Group, Executive Vice-President; Tom Ehardt, Executive
Vice-President, Chief Administrative Officer & Chief Financial 
Officer; Georgiann DeCenzo, Executive Vice-President; Chris DeMoulin, 
Executive Vice-President; Ron Wall, Executive Vice-President; Rebecca 
Evangelou, Executive Vice-President, Business Systems; Julie Molleston, 
Executive Vice-President, Human Resources; Tracy Harris, Sr Vice-
President; Joel Horner, Vice-President, Information Technology; Michael 
Bernstein, Vice-President, Legal; Francis Heid, Vice-President, Media 
Operations; Adele Hartwick, Vice-President, Treasurer & Controller

Cover: Daisuke Morita/Getty Images

www.biopharminternational.com March 2014    Supplement to BioPharm International     s3

ES397845_BPSUPP0314_003.pgs  03.03.2014  18:35    ADV  blackyellowmagentacyan



s4     Supplement to BioPharm International    March 2014     www.biopharminternational.com

Single-Use Systems  Pre-packed Chromatography Columns

Innovation in Pre-packed Disposable 

Chromatography Columns

Research uncovers trends and factors affecting the pre-packed 
disposable columns market including market size and supplier 

involvement in new technologies.

Eric LangEr

T
he market for pre -packed, d isposable 

chromatography columns used for down-

stream bioprocessing is increasing rapidly.  

Requirements for greater productivity and 

efficiency and the move toward single-use 

and flexible facilities are fueling these changes.  

Future integration of single-use technologies into 

large-scale manufacturing is a primary driver.

There has been a clear spike in interest among 

biopharmaceutical manufacturers for pre-packed 

disposable chromatography columns. Back in 2010, 

BioPlan Associates’ Annual Report and Survey of 

Biopharmaceutical Manufacturing found that only 

1% of the industry was interested in pre-packed 

column technology. Over the past few years that 

interest has grown to more than 27% of decision-

makers who said they were at least considering 

adopting these new technologies (1). That rapid 

jump brings it near the level of interest given to 

other technologies that have been in the market for 

longer, such as buffer dilution systems/skids and 

continuous purification systems. 

Eric S. LangEr is president and managing partner at BioPlan Associates, 
Inc., a biotechnology and life sciences marketing research and publishing firm 
established in Rockville, MD in 1989. elanger@bioplanassociates.com.  
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Much of this increase in inter-

est has been due to acute bot-

tleneck problems in downstream 

processing areas. Interest in alter-

native downstream technologies 

has spiked as a result.  The level 

of consideration in pre-packed 

disposable columns has leveled 

off since then, but it remains 

significant. These “disposable” 

columns of ten appear to be 

used multiple times, and due to 

the current cost of resins being 

packed, few, if any pre-packed 

columns marketed today are in 

practice actually “single-use.”

The benefits afforded 

by pre-packed dis-

posable columns can 

be broad reaching.

Benefits of DisposaBle  

pre-packeD columns

The benefits afforded by pre-

pac ke d  d i sp osable  colu m ns 

can be broad reaching. They’re 

quicker to set up, and offer oper-

ational f lexibil ity, with rapid 

changeovers. Proponents also 

point to how they eliminate the 

work involved in column clean-

ing, sterilization and packing; 

simplify validation and cleaning; 

allow for more runs, and reduce 

labor-hours, including column 

testing, validation and documen-

tation. Other benefits include 

el iminat ion (outsourc ing) of 

non-core activities, and the ben-

efits of receiving expert-packed, 

fully validated and documented 

columns, with smaller facilities 

potentially lacking needed spe-

cialized expertise and equipment.

In the future, complementary 

technologies such as continuous 

processing methods, specifically 

multi-column chromatography 

(e.g., using 4-6 columns in paral-

lel instead of one large column), 

will also impact future growth 

for pre-packed disposable col-

umns, as the need for consis-

tency and efficiency moves the 

packing off-site. Some of these 

events are 5-10 years off, so the 

growth in sales and interest in 

these technologies is l ikely to 

continue. 

DownsiDes of  

pre-packeD columns

There are certainly cost and con-

trol advantages to facilities pack-

ing their own columns, rather 

than using pre-packed columns.  

Further, conventional chroma-

tography columns are not as 

inherently limited in terms of 

sizes available. And while reus-

able columns do require a lot of 

cleaning validation, and parts 

replacement, those problems are 

less critical when facilities are 

producing multiple batches of 

the same product. Facilities that 

can get by with longer down-

times also won’t be as enthusi-

astic for the changeover speed 

advantages  a f forded by pre -

packed disposable columns. 

market size  

for pre-packeD  

DisposaBle columns

The current size of the market 

for pre-packed disposable col-

umns used in bioprocessing (typ-

ically greater than 1 L size) is 

approximately $45-$55 million. 

This est imate includes resins, 

materials, and services associated 

with pre-packed columns. We 

note that some manufacturers 

pack columns using their own 

resins,  whi le others  prov ide 

serv ices-only using customer-

provided materials, and others 

will pack columns with what-

ever resin is desired. This makes 

direct competitor comparisons 

diff icult, especially given the 

high cost of some resins. 

D i s p o s a b l e  c o l u m n s  a r e  

reported to often be used multi-

ple times, due to the current cost 

of resins being packed, so few 

if any pre-packed columns mar-

keted today may be considered 

single-use. As the price of resins 

decreases, however, it is likely 

that these pre-packed columns 

will move into the single-use cat-

egory, as well.  In addition once 

larger, lower-cost single-use (or 

disposable) pre-packed columns 

are made available for large-scale 

clinical and commercial appli-

cations, this market is likely to 

increase rapidly.  

current market suppliers

The market for pre-packed dispos-

able columns is currently domi-

nated by GE Healthcare, which 

launched its Ready-to-Process 

columns four to five years ago. 

This has given GE a leading posi-

tion spanning development- to 

commercial-scale. GE’s share of 

the chromatography resins mar-

ket is substantial, and contrib-

utes to their dominance of the 

pre-packed market, with around 

55%. This share may be greater 

if resin revenues at retail lev-

els are included (e.g., GE’s larg-

est  P rote in A columns may 

cost in excess of a quarter mil-

lion dollars). Other companies, 

such as Repligen (~23% market 

share), Atoll Bio (~8% market 

share), ThermoFisherScientific/

LifeTech, and EMD-Mill ipore, 

Biotoolomics, Bio-Rad, Qiagen, 

and others, each have less than 

5%. GE’s size and brand recog-

nit ion permits the company 

to package a broad ar ray of 

appl icat ions. But other com-
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p a n i e s ,  s u c h  a s  R e p l i ge n , 

ThermoFisherScientific/LifeTech, 

and EMD-Millipore, have made 

inroads in niche areas of this 

market. 

Pre-packed column suppliers 

that pack using their own res-

ins include GE Healthcare and 

EMD-Millipore. Other suppliers 

pre-pack their columns using 

var ious manufacturers’ resins 

as a service, including Atoll Bio, 

Repligen, and other smaller ser-

vice companies. In some cases, 

suppliers use their clients’ resins, 

and the high cost of these resins 

may not be included in market 

estimates (see Figure 1). Market 

suppliers include:

•	 GE Healthcare: ~55% global 

market share. GE Healthcare 

has been in the market for 

five years; they offer relatively 

comprehensive solutions (from 

process development through 

clinical manufacturing).  GE 

discounts columns to market 

resins, and many consider GE 

to be a market trailblazer.

•	 Repligen: 20 -25%, focusing 

on single-use or disposable 

manufacturing facilities.  The 

company will pack clients’ 

resins, and offers nine different 

diameters and various heights. 

•	 Atoll: ~8%, focused on Europe, 

the US, and Asia.  Provides 

s m a l l - s c a l e  c o l u m n s  f o r  

process development (PD), as 

well as larger-scale columns 

for cl inical manufactur ing.  

Offers flexibility in sizes and 

will pack a variety of resins.

•	 Millipore: ~5%, relatively new 

to segment, but is growing, 

especially in non-Protein-A 

resins.

•	 Others: ~10% (including Life 

Technologies which recently 

launched a new Go-Pure line 

that includes packing resins 

f r om  mu l t ip l e  s up p l i e r s , 

Biotoolomics, Bio-Rad, Qiagen, 

and other emerging providers, 

typically focusing on process 

development scale columns).

Market Growth

The market for pre-packed col-

umns is emerging as biomanu-

facturers recognize the benefits 

in consistency, and lower inter-

nal workload of having external 

specialists provide this service.  

As a result, a 10 -15% growth 

is expected in 2014, and that 

growth rate is expected to ramp 

up to 20% annually by 2016. 

Fletcher Malcom, product man-

ager for Repligen’s OPUS Pre-

Packed columns notes regarding 

this relatively young segment, 

“The market could double in size 

in the next few years.” 

External factors are also influ-

encing growth, including the 

number of monoclonal antibod-

ies (mAbs) in development and 

clinical trials, biosimilar devel-

opments, and faci l ity expan-

sions using single-use strategies. 

Speed-to-market and change over 

to next-candidate products are 

key decision factors favoring use 

of pre-packed columns. In the 

future, complementary technolo-

gies such as continuous process-

ing methods will also impact 

future growth for pre-packed dis-

posable columns. 

Given the extent to which 

downstream pur i f icat ion has 

been a signi f icant cont r ibu-

tor over the past several years 

to capac ity const ra ints (e.g., 

as upstream yields continue to 

advance) (1), one might expect 

that the market potential for 

these products—as a means to 

integrate the broad benefits of 

disposable applications, includ-

ing speed,  into  la rge r- sca le  

manufacturing—would be sub-

stantial. 

This growth rate is also within 

the range expected by a num-

ber of industry observers, some 

of whom feel that pre-packed 

columns are the fastest grow-

ing chromatography market, 

around 12-15% annually over the 

next few years. A lot of activity  F
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Figure 1: Pre-packed chromatography columns, market shares, 2014.

55.0%

23.0%

4.0%

8.0%

10.0% GE Healthcare

Repligen

Atoll Bio

Millipore

Other

Pre-packed Chromatography Columns
Market Shares, 2014

Devices used in therapeutic antibody purification

ES399474_BPSUPP0314_006.pgs  03.04.2014  19:39    ADV  blackyellowmagentacyan



www.biopharminternational.com March 2014    Supplement to BioPharm International     s7

Single-Use Systems  Pre-packed Chromatography Columns

with more players entering or 

consolidat ing is expected. In 

comparison, the overall resins 

market is expected to grow at 

around 7-8% annually over the 

next few years.

These estimates are based on 

a market that is currently lim-

ited to clinical trial materials, 

because pre -packed columns 

beyond the 30 - cm d iameter  

size are generally unavailable. 

As larger-scale columns (e.g., 

45 cm–60 cm in diameter) are 

developed and become commer-

cially feasible, the market poten-

tial could expand significantly. 

To date, 45-cm diameter columns 

are becoming a standard for 

many 500 L  – 1000 L bioreactor 

harvests. Larger pre-packed col-

umns need to be developed that 

prov ide technical,  economic, 

and logistical advantages. This 

R&D is being done by industry 

suppliers. According to Denise 

DeTommaso, director of US mar-

keting at Atoll Bio, most suppli-

ers, including Atoll are actively 

developing la rger- sca le  plat-

forms. DeTommaso notes, “Atoll 

manufactures MediaScout pre-

packed columns that offer scal-

able formats to support process 

development through manufac-

turing applications.” 

Buyers for  

pre-packeD columns

A key early market for pre-packed 

d isposable columns is CMOs 

involved w ith mult i -product 

facilities that offer clinical mate-

rials. In addition to CMOs, they 

are also attractive to end-user 

companies f itt ing or building 

clinical trials facilities. For the 

time being, most pre-packed col-

umns are not at the size where 

they can be widely adopted by 

larger, commercial-scale manu-

facturing (typically beyond 30 

cm inside diameter [ID]). There 

are many applications for pre-

packed disposable columns, and 

they each present different mar-

ket opportunities. Also, keep in 

mind much the same columns 

are used throughout the chemi-

cal industry, so other related 

markets are also being served by 

pre-packed column vendors.

Larger pre-packed  

columns need to  

be developed that  

provide technical,  

economic, and  

logistical advantages.

B u y e r s  i n c l u d e  p r o c e s s 

development faci l it ies, where 

pre-packed columns allow con-

venience to evaluate many resins 

and formats, and pilot facilities, 

with fewer resources and time 

pressures that require different 

batches at difference sizes. For 

these facilities, packing of col-

umns to follow GMP regulations 

is laborious and potentially risky.

In bioprocessing markets, spe-

cific applications may include: 

•	 Small-scale	market—discovery	and	

PAT	 applications:	 	Disposable 

pre-packed columns can be 

used for process analyt ical 

technology (PAT) applications 

to clean up samples prior to 

analysis. But this application 

o f  d i sp os ab le  p r e -pac ke d 

columns might be considered 

a small market. Even assuming 

a 20% annual growth rate,  

biopharmaceutical manufactu-

rers’ capacity is probably tapped 

fairly early. Given that adoption 

of PAT has a healthy future, 

however, this market could 

grow. Even so, this represents 

a small market for pre-packed 

columns.  There may be a larger 

market for pre-packed columns 

in discovery and early R&D, 

for la rger biopharma drug 

innovators.  This may represent 

a significant growth segment. 

•	 P rocess 	 development 	 market 	

applications: The size of markets 

for process development is 

largely a function of biologics 

in the development pipeline.  

A rough est imate for  th is  

market would include pre-

packed column market size 

of $1-$5 million. Even with a 

projected annual growth rate 

of 10%, this remains a limited 

application for single-use pre-

packed columns.  

•	 L a r g e - s c a l e 	 b i o p r o c e s s i n g 	

ma r k e t 	 a p p l i c a t i o n s :  T h e 

use of pre-packed columns 

i n  p r e - c o m m e r c i a l  a n d 

process development sca le 

bioprocess ing i s  the bu lk  

of the market today. Usage 

i s  mov ing into pi lot  and 

c l i n i c a l /c om me r c i a l - s c a l e  

GMP manufacturing, where 

the market is likely to become 

more competitive.  Essentially 

all biologics entering clinical 

trials have pilot and clinical 

batches manufactured using 

columns. As discussed, the 

market for OEM applications 

o f  p r e -pac ke d  d i sp os ab le  

columns could be growing 

rapidly when the technology 

for larger sizes advance and 

these devices reach commercial 

scale.  However, this market is 

dependent on large-scale end-

users, facilities that prefer to 

do most everything in-house, 

choosing not to pack their own 

columns.  

Continued	on	page	30
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Single-Use Technology in  

Downstream Processing

Experts discuss the advances in  
single-use technology for downstream applications.

MODERATED BY ADELINE SIEW

S
ingle-use technology has become an integral 

part of biopharmaceutical manufacturing. 

While the industry is aware of the proven 

benefits of single-use systems compared 

with traditional stainless-steel technologies, 

it is only recently that the paradigm shift observed 

in upstream processing is making in-roads to down-

stream processing, which is dominated by chromato-

graphic separations and membrane filtrations. 

In this roundtable, experts discuss the advances 

in single use for downst ream appl icat ions. 

Participants include Jerold Martin, senior vice- 

president, global scientific affairs at Pall Life Sciences, 

Biopharmaceuticals; Michael LaBreck, global product 

manager at Novasep; Peter Rogge, vice-president, USP 

production at Rentschler Biotechnologie GmbH; and 

Uwe Gottschalk, vice-president, purification tech-

nologies at Sartorius-Stedim Biotech. 

Single uSe in downStream ProceSSing

BioPharm: How has single-use technology advanced 

downstream processing? 

Rogge (Rentschler): There has been enormous prog-

ress during the past five years, for example, the 

availability of single-use unit operation systems for 

all relevant process steps such as chromatography 

systems, filtration systems, and mixing systems, as 

well as optimization of already available materials 

such as tubings, connectors, and bags among others. 

Moreover, the robustness of systems and materials 

has been improved. Today, even utilization of single 

use in market campaigns is feasible. 

LaBreck (Novasep): Early single-use technologies 

(1990s through 2000s) were primarily for storage 

and transportation of buffers and media, which are 

very simple applications. Next, single use moved into 

upstream technologies for cell culture. During the 

past 10 years, single-use technologies have become 

increasingly popular for downstream applications 

including filtration, tangential flow filtration (TFF), 

and chromatography, which are all more complex 

operations. Of particular interest is the application 

of single use in TFF. Traditional reusable TFF sys-

tems are fairly labor-intensive, with many cleaning 

and flushing steps required before and after the TFF 

process. To give you a real-life example, a customer 

developing a monoclonal antibody purification pro-

cess came to us looking for a solution for his TFF step. 

The implementation of single use for this TFF step 

removed several non-value added steps of cleaning 

and flushing, thereby, reducing labor by 50% and 

reducing buffer usage by 75%.

Gottschalk (Sartorius): Perhaps I should start with 

the bigger picture. In the current competitive envi-

ronment, the adoption of innovation such as single-

use technology is not just a question of efficiency 

and cost reduction but a question of ultimate suc-

cess. For smaller companies that want to bring a 

product to the market without seeking support from 

big partners or CMOs, a single-use set-up is the only 

realistic scenario for early-stage manufacturing as 

costs are shifted from capital to (controllable) vari-

able expenses. Many companies are developing a 

competitive edge by taking advantage of single-use 

unit operations and whole facilities and projects are 

mushrooming around the globe and especially also 

in economies that have a certain backlog in the com-

mercialization of biopharmaceuticals and vaccines. 

Meanwhile traditional companies are joining the race 

as they face the requirement to decentralize manu-

facturing of new drugs with fast and seamless process 

transfer and flexible capacity adaption. 

Regarding the trend towards disposable and single-

use technology, there is little difference between up- 

and downstream processing and all unit operations 

are under investigation. With the exception of few 

unit operations, today’s question is not whether spe-

cific steps can be operated under this new paradigm 
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but whether they makes sense in a 

particular process.

Martin (Pall): Single-use filtra-

tion and biocontainer systems 

have reduced capital costs for 

buffer preparation whereas sin-

gle-use membrane chromatogra-

phy (Q membranes) has become 

a standard platform along with 

virus filtration for final polish-

ing (i.e.,  removal of residual  

host cel l proteins, DNA, and 

viruses), reducing process time 

a nd  b u f fe r  vo lu me s  ve r su s   

traditional Qresin columns for 

polishing. We also have single-

use TFF for concentration and 

diafiltration, which reduces pro-

cess turnaround to improve pro-

ductivity.

advantageS and limitationS

BioPharm: What are the advantages 

and limitations of single-use sys-

tems in downstream processing? 

LaBreck (Novasep): A primary 

advantage of single-use technolo-

gies in downstream processing is 

the reduction of labor, which is 

a major cost saving. Additional 

value, however, comes from the 

reduction in process cycle times 

and a significant increase in pro-

ductivity of the downstream pro-

cess. Higher product throughput 

is possible with single-use tech-

nologies as a result of the shorter 

cycle times. 

In the case of TFF operations, 

a specific advantage can be the 

reduced cost of goods compared 

to reusable equivalent. For exam-

ple, by optimizing the manufac-

turing process of our single-use 

cassettes, we have reduced the 

cost of each of them by four- to 

five-folds and maintained excel-

lent performance. Clients looking 

for single-use TFF solutions are 

not interested anymore in only 

having a single-use product or 

system; competitiveness is also a 

crucial point.

Another important advantage is 

found when studying production 

context. Single-use technologies 

are of crucial interest for activities 

implying multi-product manufac-

turing, with no visibility on when 

the next batch will be commis-

sioned, or for markets requiring 

a high flexibility in the process 

(mainly CMOs and CROs). For TFF 

operations, the advantage of a sin-

gle-use, competitive TFF cassette 

is obvious for clinical-batches pro-

duction since you have to control 

costs and move quickly.

To understand the advantages 

of single-use technologies, people 

have to look through a multi-face 

prism implying labor and goods 

cost reduction, considering also 

their own activities (clinical-batch 

production, operation of multi-

products facilities, etc.)

A disadvantage in current sin-

gle-use systems is limitation in 

the scale of operation. While dis-

posable bioreactors for cell cul-

ture in upstream application are 

available up to 2000L, the cur-

rent downstream technologies in 

single-use are struggling to keep 

up with these capacities. For very 

large-scale downstream process-

ing, it is difficult to find pumps, 

piping, and probes that are actu-

ally single-use. However when 

you stay at development-scale, 

pilot-scale, or for small commer-

cial production, some fully single-

use systems (such as the Sius TFF 

Skid) do already represent good 

solutions for single-use implemen-

tation. This scale-related limita-

tion can also be partially solved 

when systems are used in con-

tinuous mode.

Gottschalk (Sartorius): Single-

use downstream processes can be 

designed and set up in a much 

shorter time-frame than conven-

tional facilities and for a frac-

tion of the capital expenditure. 

Individual batches can be run 

with preconfigured assemblies 

that come pre-rinsed and even 

pre-sterilized where necessary and 

this plug-and-play mitigates the 

risk of operator errors and adven-

tit ious contamination events. 

Both of these advantages sup-

port the manufacturing of clini-

cal material and/or vaccines on 

In the current competitive environment, the adoption 

of innovation such as single-use technology is not 

just a question of efficiency and cost reduction  

but a question of ultimate success.

—Gottschalk (Sartorius)

Single-use systems 

are easy to implement, 

they require low capital 

investment, and can 

increase turnover rates 

and reduce mainte-

nance costs.

— Rogge (Rentschler)
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demand and are less dependent 

on local infrastructure—GMP and 

single use are a natural fit, which 

therefore provides additional tail-

wind. 

When it comes to large-scale 

manufacturing and long-term 

market supply, the considerations 

may be completely dif ferent. 

Especially for legacy products 

that are required in multi-ton 

amounts, stainless-steel facili-

ties provide an economy of scale 

that will not be met by single-

use processes. In this area we 

will see, however, an increasing 

trend towards single-use steps 

such as disposable chromatogra-

phy in polishing and I would like 

to remind us that most filtration 

steps are handled this way for 

many years.

One area that benefitted from 

these new capabilities is the man-

ufacturing of antibody-drug con-

jugates. In this case, it is not only 

the product that needs protection 

from the environment but most 

importantly, the operator also, 

and single-use assemblies can pro-

vide a high level of containment 

without the need of reliable and, 

therefore, extensive cleaning pro-

cedures.

Martin (Pall): Advantages are 

reduction of capital expenditures, 

elimination of cleaning/cleaning 

validation and sterilization/ster-

ilization validation for increased 

productivity and facility utiliza-

tion, reduced energy costs, carbon 

footprint, and water utilization. 

Limitations are the increased sup-

ply and inventory requirements, 

lack of clarity on specific regu-

latory expectations for extract-

ables and leachables data, and risk 

assessement.

Rogge (Rentschler): The advan-

tages are that single-use sys-

tems are easy to implement, 

they require low capital invest-

ment, and can increase turnover 

rates and reduce maintenance 

costs. The limitations include 

size restrictions, remaining risks 

due to the handling of dispos-

able material, insufficient data for 

extractables and leachables, enor-

mous efforts needed for training 

of staff, lack of integrity testing 

methods for bags, and the logis-

tics. 

Key conSiderationS

BioPharm: W hat  a re  the key 

considerations when switching  

to  s i n g l e  u s e  d ow n s t r e a m  

processing? 

Martin (Pall): You need to con-

sider actual cost factors, especially 

when switching rather than mov-

ing to a new facility. There’s also 

the greater dependency on sup-

ply chain that must be taken into 

account as well as the potential 

for dual sourcing. Component 

selection is important and can 

be a challenge. And you need to 

make sure that you have sufficient 

extractables and leachables data. 

Gottschalk (Sartorius):  Companies 

that select technologies with a 

high degree of exchangeable com-

ponents, are exposing themselves 

to a certain risk due to the increas-

ing complexity involved. This risk 

is, however, only gradually differ-

ent from any kind of raw material 

and consumables that represent a 

critical component of the supply 

chain. Apart from reliable material 

clearance procedures, the sustain-

able security of supply is absolutely 

crucial for a successful adoption of 

such concepts. Some of these chal-

lenges may be new to the biophar-

maceutical industry but they are 

very well known and profession-

ally addressed in other industries. 

LaBreck (Novasep): A major con-

siderat ion when switching to 

single use is the adoption in a 

new facility versus an existing 

facility. An existing facility may 

have traditional reusable capital 

equipment for many downstream 

operations. Often, a hybrid of 

reusable and single-use opera-

tions is common in an existing 

faci l ity. The hybrid approach 

takes advantage of the utilization 

of the capital equipment in these 

unit operations. A good exam-

ple is CMOs and CROs activities, 

characterized either by a lim-

ited visibility on next campaigns 

or by the treatment of multiple 

products. The hybrid approach 

can be a good way to com-

bine high capacities with reus-

able technologies and strategic  

flexibility with single-use tech-

nologies. 

The limitations of single-use include the increased 

supply and inventory requirements, lack of clarity 

on specific regulatory expectations for extract-

ables and leachables data, and risk assessment.

—Martin (Pall)

A disadvantage in 

current single-use 

systems is limitation in 

the scale of operation.

—LaBreck (Novasep)
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Conversely, in the design of 

a new faci l ity, ex ist ing capi-

tal equipment is not a limita-

t ion. In this case, single-use 

technologies can be more fully 

utilized. Complete, fully dispos-

able downstream processes have 

been implemented in some of 

the major biotechnology compa-

nies. Often times, the require-

ments for process utilities (water, 

buffers, and steam) are signifi-

cantly reduced in the new facil-

ity, single-use design. Reducing 

the dependency on these energy-

intensive ut i l it ies can reduce 

the total carbon footprint of the 

downstream process. 

Secondly, the way the process 

is operated is not the same. The 

process itself has to be adapted to 

single-use and a consistent qual-

ity-assurance system should be 

implemented, for example, do the 

probes or similar devices meet 

authorities’ requirements? How 

do you deal with bio-burden?

Finally, it is crucial to make 

sure the operators are trained to 

use single-use technologies. For 

example, many leaking issues are 

due to a misuse of the single-use 

devices. Then, it makes sense to 

adapt procedures and protocols, 

including clean-in-place (CIP) 

procedures, taking account of the 

specificities of single-use tech-

nologies.

Rogge (Rentschler):  Companies 

that intend to switch to single 

use must consider the logistics, 

supply chain, supplier qual i-

fication and quality agreement 

with suppliers, extractables and 

leachables, size limitation of unit 

operations, purpose of utilization 

whether for toxicology, Phase II 

or Phase III or even for market 

supply, waste logistics, and train-

ing of staff. 

needed imProvementS

BioPharm: What aspects of single 

use need to be further improved 

for downstream processing?

Gottschalk (Sartorius): Looking 

at the list of unit operations in 

bioseparation, not all technol-

ogies are currently available in 

a single-use version, for exam-

ple, large-scale centrifugation 

or Protein A chromatography 

in monoclonal-antibody manu-

facturing. Protein A chromatog-

raphy is the gold-standard in 

antibody capturing and I don’t 

see this changing in the near 

future. Providing this in a sin-

gle-use set up is a big challenge, 

if not impossible. But before we 

change this, we have to confirm 

its relevance. Single-use should 

not be a mantra that ends in 

itself. There will always be a pro-

cess, a scale, a molecule, an appli-

cation, or a price point where it 

just does not make any sense.

L aBre c k (N ovase p):  Advance -

ments in cell-culture productiv-

ity and high-titer output from 

upstream operations have put 

a strain on downstream pro-

cesses to keep pace. Many down-

stream processes are dependent 

on f low and pressure. Process-

control instrumentation can be 

limited in availability for single-

use applications for larger-scale 

operations (> 500 L). At pres-

ent, there has been a limitation 

of the scale of operation where 

single-use technologies can be 

used in downstream processing. 

Further advancements in pump-

ing and instrumentation tech-

nologies (pressure, f low, and 

measurement) will be necessary 

to expand the scale of opera-

tion in downstream unit opera-

tions. Extractables and leachables 

are of course a subject of high 

interest nowadays. It is clear 

that a  bet ter  understanding  

of these elements will be required 

by every stakeholder (vendors, 

users, and regulatory entities).

Martin (Pall): Areas for improve-

ment include standardization of 

supplier’s extractables and leach-

ables data packages, quality agree-

ments between users, suppliers 

and sub -suppl iers,  increased 

transparency of supply chain and 

supply assurance.

Rogge (Rentschler):  The robust-

ness of single-use systems needs 

to be increased. It is important 

that suppliers deliver more rele-

vant data concerning extractables 

and leachables. Applications for 

integrity testing also need to be 

improved. BP

A major consideration when switching to single 

use is the adoption in a new facility versus an 

existing facility.

—LaBreck (Novasep)

Looking at the list of 

unit operations in 

bio-separation, not all 

technologies are 

currently available in a 

single-use version.

 —Gottschalk (Sartorius)
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Achieving Supply Chain  

Excellence in Single-Use Systems

Following best practices may provide a firm foundation  
for the transformation of the disposables supply chain.

Simon Chalk

S
ingle-use systems (SUS) are used extensively 

in many situations for the production of 

clinical-scale quantities of biological drug 

substance. They are popular because they are 

relatively economic for smaller quantities, 

can be quicker to set up than fixed systems, and are 

good for minimizing cross contamination risk. 

However, for commercial production, many com-

panies remain to be convinced that disposables pro-

vide a better overall solution than fixed stainless 

steel systems. The skeptics tend to cite issues rang-

ing from concerns such as cell-culture performance 

(variable growth rates), process integrity and leakage, 

implementation timelines, and integration prob-

lems. In practice, these risks and concerns are being 

addressed by suppliers and by increasing numbers of 

commercial manufacturers. What they are finding is 

that the flexibility and capital avoidance that results 

is worth the time and effort involved in fixing the 

problems.

Perhaps, more importantly, worries about change 

control, quality performance, and unforeseen sup-

ply-chain costs are also becoming significant as rea-

sons for not adopting single-use technology. This is 

a crucial issue because use of SUS in the commercial 

Simon Chalk is director of the BioPhorum Operations Group, simon@
biophorum.com.

P
h

o
to

 C
re

d
it

: 
H

e
n

ri
k
 W

e
is

/G
e

tt
y
 I
m

a
g

e
s

ES397876_BPSUPP0314_012.pgs  03.03.2014  18:36    ADV  blackyellowmagentacyan



www.biopharminternational.com March 2014    Supplement to BioPharm International     s13

Single-Use Systems  Supply Chain

environment involves signif i-

cant volumes of equipment and 

financial risk. This area is where 

the industry is looking for bet-

ter models of success from other 

industries.

Learning from  

other industries

There is no better learning to be 

taken than from the automotive 

industry when it adopted lean 

manufacturing principles during 

the 1980s and 1990s. The major 

players were plagued by poor 

quality, high inventories, lack 

of standardization, and adver-

sar ial relat ionships with sup-

pliers. Control of quality relied 

on inspection after the process 

rather than prevention before the 

process. The solution lay in mak-

ing the supply chain fit for pur-

pose. 

What this meant in reality was 

a relentless drive for quality at 

source and an uncompromising 

commitment to working coop-

eratively with suppliers to solve 

problems. To do this effectively 

the industry restructured by creat-

ing a tiered hierarchy of primary 

suppliers, and in turn, suppliers 

below them. A small number of 

major sub-system suppliers sup-

pl ied the car manufac turers 

directly with various levels of sub-

ordinate suppliers feeding them. 

By organizing this way, it was pos-

sible to focus, at each level, on the 

controls needed to assure quality. 

In a virtuous circle, better qual-

ity led to confidence which led to 

single source supply and increased 

focus on a few key relationships. 

In addition to quality, just-in-time 

manufacturing and shorter lead 

times drove down inventories and 

the non-value adding costs of stor-

age and handling. Complexity 

was further reduced at the design 

stage by establishing assembly 

platforms and late-stage custom-

ization. Car designers were free to 

innovate but only within clearly 

defined boundaries of standard-

ization.

appLying Best practices

So how can these approaches be 

applied to the biopharmaceutical 

industry and the special needs 

of a regulated environment? The 

following are best practices that 

form the basis of supply chain 

transformation of the SUS supply 

chain:

• Create a commodity cham-

p ion .  B r e a k  out  o f  f r ag -

mented functional focus and 

bring alignment to purchas-

ing, development, operations, 

logistics, and quality objec-

t ives under a single expert 

who understands all aspects of 

single-use process equipment. 

This commodity champion 

ensures that overall business 

needs are met.

• Look for a solution provider. 

Change the mindset away from 

buying plastic to assuring the 

quality of all components in a 

system, guaranteeing on-time 

del ivery and dr iv ing down 

non-value adding cost. Create 

a similar change in perspective 

from suppliers.

• Standardize and reduce vari-

ety. Reduce complexity and 

increase purchase volumes 

of specific parts and systems 

by using a standard platform  

or menu of agreed items. Aim 

for one film type, one con-

nector per type, one set of 

dimensions at each scale and  

one standard extractable. Use 

“specials” by absolute exception.

• Form long-term partnerships. 

S u p p l y - c h a i n  e x c e l l e n c e  

requires commitment to prob-

lem solving and continuous 

improvement across organiza-

tion boundaries. This commit-

ment takes time and trusted 

relationships. The key word 

is “partnership” which is not 

found in purely transactional 

arrangements. 

• Take a lifecycle approach. Move 

away from (just) purchase price 

minimization to full acquisi-

tion, use, and disposal cost-

ing during the whole lifecycle 

of the SUS. Sign up to a “cost 

down” contract where both 

parties drive out mutual cost of 

doing business and commit to 

mutual benefit.

• Ensure SUS components are 

proven and tested for use by 

suppliers to end users. Provide 

extractables information in a 

standard and robust way for 

ef fect ive product select ion. 

The user community via the 

BioPhorum Operations Group 

is working with the Bio-Process 

Systems Alliance to define and 

introduce defacto requirements 

for extractables testing. These 

requirements will also inform 

the development of new SUS 

regulatory standards.

U l t i m ate l y,  i f  s i n g l e - u s e  

te ch nolog y  i s  to  become a 

mainst ream solut ion for the 

manufacture of commercial-scale 

biologics then the supply chain 

that provides the components 

and systems needs to become fit 

for purpose. Industry-wide focus 

on the best practices outlined 

will provide a firm foundation 

for that to be achieved. Bp

Supply chain excellence 

requires commitment  

to problem solving 

across organization 

boundaries.
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Single-Use Systems   Operation Management

Confguring Manufacturing Operation 

Management Applications

Adopting single-use systems has implications for manufacturing execution 
systems, process data-analytics tools, and scheduling.

Gloria Gadea-lopez

T
he adoption of single-use systems (SUS) and 

technologies, either for a new plant or for an 

existing facility that is converting from tradi-

tional stainless-steel (SS) equipment, results in 

numerous benefits. Increased flexibility, lower 

capital cost, reduced risk of contamination, and sim-

plified cleaning validation and cleaning practices are 

just a few of the known positive outcomes. To ensure 

the success of the conversion, the adoption of SUS 

requires detailed examination of all areas involved 

to anticipate potential issues and to innovate in spe-

cific areas of manufacturing and the global supply 

chain. This article examines aspects of enterprise and 

manufacturing systems that are impacted by SUS and 

provides recommendations on how to increase their 

effectiveness to realize the benefits expected from the 

adoption of SUS.

Data generated during the procurement and inspec-

tion steps and relevant information provided by the 

vendor are essential to understand the performance of 

SUS in the context of global production data and the 

potential effect of SUS on finished-product character-

istics. SUS data are used for routine process monitor-

ing, troubleshooting, and multivariate analysis. In 

addition, more companies are adopting quality-by-

design practices, and as a result, an in-depth under-

Gloria Gadea-lopez, phd, is associate director of manufacturing systems at 
Shire, gllopez@shire.com. 
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standing of SUS is becoming 

increasingly relevant. Integrated 

enterprise resource planning (ERP) 

and electronic systems for manu-

facturing operations management 

(MOM), such as manufacturing 

execution systems (MES) and finite 

scheduling, provide key function-

ality to manage the use of these 

data and to understand the effects 

of SUS in the context of global pro-

duction.

tracking single-use materials

ERP and MES capture, in elec-

tronic form, the relevant data 

to track and trace the single-use 

(SU) materials used in a batch. 

To achieve visibility of a com-

plete genealogy, these systems 

need to be properly integrated 

following established standards 

such as the International Society 

of Automation (ISA) ISA-95 (1). 

Foundational work must f irst 

be accomplished; the creation 

of detailed process maps show-

ing the source systems, the flow 

of materials and data, and the 

dependencies across the ISA-95 

hierarchies is crucial (2). 

Another consideration is the 

design and configuration of master 

and electronic batch records spe-

cifically designed to capture the 

details of SU-component assem-

bly. These details are regarded as 

“make items” in MES terminology 

and have been traditionally used to 

track the details of the bioreactor 

set-up steps. Plants with primarily 

stainless-steel systems track equip-

ment use and clean status using 

paper logs or MES functionality for 

equipment management (EQM). 

This type of facility needs to explic-

itly design recipes for cleaning and 

steaming, as well as “hold times” 

that move a vessel into clean expiry 

if not used within a particular time-

frame. These requirements add 

complexity to MES systems because 

there are more equipment states to 

be tracked and the recipes to per-

form cleaning require not just the 

equipment itself but also a clean-

ing pathway (i.e., the clean-in-place 

[CIP] skid, transfer lines, and poten-

tially transfer panels).

For SUS, MES should enable trace-

ability and capture sufficient details 

to obtain a complete picture of the 

batch genealogy, including details 

of the SUS and their subparts. In SU 

facilities, the equipment is treated as 

a raw material and the meaning of 

“clean status” and “use state” take a 

different meaning than in stainless-

steel facilities. In SUS, there is less 

emphasis on EQM and more depen-

dency on ERP-genealogy features. 

As a result, the complex MES algo-

rithms needed to represent equip-

ment state become simpler (e.g., no 

“clean hold” or “dirty” states apply), 

but a higher level of detail is required 

to fully capture the SUS charac-

teristics in ERP and to obtain the 

full picture of SUS as part of batch 

genealogy. SU components must be 

incorporated in the bill of materials 

(BOM), which will enable full trace-

ability and calculation of a realistic 

cost of consumables.

Adding SU components to the 

list of raw materials required to 

make a batch also has the effect 

of increasing the size of the BOM 

and the potential need for inves-

tigation of supply-chain issues. SU 

technologies (similar to all raw 

materials) exhibit inherent vari-

ability caused by normal varia-

tions in their raw materials or 

manufacturing process. In addi-

tion to the traditional genealogy 

(i.e., where SU materials are used), 

manufacturers need to understand 

the potential effect of SUS char-

acteristics (e.g., leachables and 

extractables) on overall process 

performance and product qual-

ity attributes. The availability of 

data generated during procure-

ment and quality-control evalu-

ation of raw materials, as well as 

“usable data” provided by the SU 

vendor, are essential for compre-F
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Figure 1: Adoption of single-use systems (SUS) and the effect on manufacturing 

operations management (MOM), such as manufacturing execution systems  

(MES) and enterprise resource planning (ERP).
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hensive data analysis. Adopting 

electronic systems for data ana-

lytics that are designed for this 

purpose and implementing their 

genealogy functionality are essen-

tial to accomplish successful trace-

ability, enable troubleshooting 

and analysis, and facilitate process 

investigations.

effect on scheduling

Users of SU technologies have 

observed that while no CIP/steam-

in-place (SIP) steps are required for 

disposables, there is a significant 

increase in the number of tasks 

required for proper assembly and 

testing of the system prior to use 

compared to stainless-steel systems. 

Similarly, system breakdown post 

use, decontamination, and disposal 

activities need to be accounted 

for in terms of actual time and 

resources. For SUS, a high level of 

control is crucial over the timing of 

the goods issue process, retrieval of 

the SU components, assembly, test-

ing, and other pre-use steps (e.g., 

pipe welding). Proper recording of 

the system and ancillary compo-

nents identification can be a sig-

nificant hidden task, particularly 

for facilities that use paper-based 

batch records and logs. In addition, 

SU-intensive facilities are typically 

less automated than an equivalent 

size stainless-steel facility, primar-

ily because of their highly inter-

connected unit operations (e.g., 

transfer lines) and because there is 

no need to track equipment-clean 

states. This lower level of automa-

tion translates into a higher degree 

of complexity to fully and accu-

rately represent the sequence and 

duration of process steps for SUS in 

finite scheduling systems. Figure 1

shows a representation of the level 

of complexity expected as a func-

tion of the degree of SU adoption at 

a typical facility. The actual SUS set 

up includes issuing the materials,  

preparing kits, and actual assembly, 

as well as a number of “hidden” 

tasks, such as welding and visual 

inspection.  

The duration of these steps pres-

ents some degree of variability 

from operator to operator, depend-

ing on their level of expertise. 

Figure 2 (courtesy of Rick Johnston, 

Bioprocessing Group, from origi-

nal data) shows a cross-industry 

average of the time spent for pre-

use for upstream main operations 

in facilities with primarily SUS 

compared to facilities that mainly 

use traditional, stainless steel bio-

reactors. These data do not include 

media preparation times or CIP/

SIP of bioreactors in the case of 

stainless steel. Two important 

observations appear from these 

data. First, the variability in the 

time to prepare a stainless ves-

sel (excluding cleaning) is much 

lower than with SUS. This is due 

to the fact that all the equipment 

is already assembled, while in the 

case of SU components it must 

be issued, assembled, and tested 

in situ—each of which may have 

an associated delay. The second 

is that the average time in the 

stainless-steel case is slightly lower 

(approximately 2.5 h) compared to 

the SU case (3.9 h), which reflects 

the increased complexity of pre-

use steps in SUS. 

With increased adoption of SUS 

and the continuing analysis of the 

information collected from their 

use, manufacturers will be able to 

refine models and obtain better 

understanding of the actual impact 

of this very promising technology.
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An Environmental Lifecycle Assessment of  

Single-Use and Conventional Process Technology: 

Comprehensive Environmental Impacts

An environmental study of single-use process technology offers  
an examination of environmental impacts across the full  

process train using lifecycle assessment.

M
any biopharmaceutical companies 

have begun replacing tradit ional 

multi-use process equipment with 

single-use systems to improve flex-

ibility, productivity, and cost (1-6). 

Adoption of single-use process technology reduces 

or eliminates the need for extensive cleaning 

and steam sterilization between batches but can 

introduce environmental impacts related to the 

manufacturing, use, and disposal of consumable 

materials.

Several previous studies have looked at envi-

ronmental impacts of single -use biopharma-

ceutical manufacturing technologies (7-10). To 

further understand the balance of environmental 

impacts, GE Healthcare in collaboration with GE’s 

Ecoassessment Center of Excellence completed 

an extensive study of the lifecycle environmental 

impacts of the full process train required to pro-

duce monoclonal antibodies (mAbs). The study 

compares the use of single-use technologies vs. 

traditional durable stainless-steel process tech-

nologies at 100-L, 500-L, and 2000-L working 

volume scales. The scales were chosen to reflect 

typical clinical and commercial manufacturing 

scales. Process data were derived in collaboration 

with BioPharm Services Ltd., developer of BioSolve 

Process, an industry standard bioprocess model 

that can be used to build any process including 

those for manufacture of mAbs, vaccines, and bac-

terial-based products.

This environmental study of single-use process 

technology is the first to offer a comprehensive 

examination of environmental impacts across the 

full process train using lifecycle assessment (LCA). 

LCA is an internationally recognized discipline 

that can be used to examine products and pro-

cesses from an environmental perspective across 

the full lifecycle of a product or process, from raw 

material extraction and refining through manu-

facturing, use, and end-of-life disposal or recy-

cling. The methods involve analyzing material 

and energy flows from cradle-to-grave to calculate 

potential environmental impacts. This study was 

performed in accordance with the international 

standards ISO 14040 and ISO 14044 (11-12). The 

study was evaluated by a third-party critical review 

panel per ISO 14044 as the study involves compara-

tive assertions. The critical review panel consisted 

of an independent LCA expert and two domain 

experts from the biopharmaceutical manufacturing 

industry (13).

A prev iously publ ished companion ar t ic le 

showed that a shift from traditional durable pro-

cess technology to single-use process technology 

can result in substantial reductions in cumula-

tive energy demand, global warming potential, 

and water usage for the production of mAbs (14). 

This article summarizes the results of a more com-
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flanagan@ge.com, mattheW PietrzykoWski is a research chemist, both 
at GE Global Research, 1 Research Circle, Niskayuna, NY 12309, USA. 
Vincent Pizzi is BioProcess Upstream Strategy Leader, at GE Healthcare, 
Westborough, MA. andreW BroWn is head of consultancy, A.Brown@
biopharmservices.com, andreW sinclair is managing director, and miriam 

monge is vice-president, all at Biopharm Services Ltd., Unit 1, Chess Business 
Park, Moor Road, Chesham, Bucks HP5 1SD, United Kingdom.

William Flanagan, mattheW PietrzykoWski, Vincent Pizzi, andreW BroWn,  

andreW sinclair, miriam monge

ES397873_BPSUPP0314_017.pgs  03.03.2014  18:36    ADV  blackyellowmagentacyan



s18     Supplement to BioPharm International    March 2014     www.biopharminternational.com

Single-Use Systems  Environmental Lifecycle

prehensive analysis focused on 

environmental impacts related to 

ecosystems, human health, and 

resources (15).

METHODOLOGY

This study compares the envi-

ronmental impacts of produc-

ing mAbs using either single-use 

or traditional process technolo-

gies. The full process trains were 

evaluated at 100-L, 500-L, and 

2000-L working volume scales. 

Calculat ions were based on a 

10-batch campaign assuming 6 

g/L titers.

Scope

The scope of this study includes 

the full process train catego-

r ized into 14 unit operat ions 

(i.e., fermentation N-2, fermen-

tat ion N-1, bioreactor, depth 

filtration clarification, biobur-

den reduction I, protein A chro-

matography, virus inactivation, 

bioburden reduction II, no tank 

bioburden reduct ion, capture 

ion exchange chromatography, 

flow-through ion exchange chro-

matography,  v i ra l  f i lt rat ion, 

ultrafiltration/diafiltration, ster-

ile filtration II), plus an aggre-

gated operation termed ‘Support 

CIP/SIP System’ that includes 

shared services such as the clean-

in-place/steam-in-place (CIP/

SIP) generation systems, process 

water, media preparation, com-

mon hold and buffer tanks, and 

heating, ventilation, and air con-

ditioning (HVAC) requirements. 

A process schematic is available 

in previous publications (14,15). 

Resources used in the prepara-

tion of media and buffer solu-

tions were attributed to the unit 

operation in which the solution 

was used.

This study did not address 

the potential for a smaller pro-

duction facility enabled by the 

choice of single-use technol-

ogy, but the floor space used per 

HVAC class for each technol-

ogy was scaled to the required 

facility footprint. This approach 

assumed that a traditional tech-

nology facility is in place and 

single-use technology is adapted 

to the existing facility.

Although a variety of single-

use technology is available from 

dif ferent manufacturers, this  

study focused on GE technology 

wherever appropriate due to the 

greater availability of internal 

data and the desire to identify 

opportunities for environmen- A
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Figure 2: Endpoint damage category impacts for the production of monoclonal 

antibody in a full process train at 2000-L working volume scale with assumed 

mAb titre of 6 g/liter. Impacts grouped by damage category (human health, eco-

systems, resources) and differentiated by life cycle stage (supply chain, use phase, 

end-of-life). Traditional impacts are normalized to 100% within each damage 

category. Single-use impacts are expressed relative to traditional impacts within 

each damage category.

Figure 1: Midpoint impacts for the production of monoclonal antibody in a full 

process train at 2000-L working volume scale with assumed mAb titre of 6 g/

liter. Traditional impacts are normalized to 100%. Single-use impacts are expressed 

relative to traditional impacts within each impact category.
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tally conscious product design. 

This study did not address any 

potential dif ferences in labor 

requirements.

Lifecycle Inventory Analysis

The main body of data used in 

this study was derived in collab-

oration with BioPharm Services 

Ltd. and can be considered indus-

try average based on a combina-

tion of primary and secondary 

sources.  Data on product ion 

of single-use components were 

obta ined pr imar i ly f rom GE 

Healthcare. Data on transporta-

tion, packaging, and end-of-life 

were gathered through a com-

bination of supplier data (GE 

Healthcare) and expert inter-

views. Additional secondary data 

were obtained from the ecoin-

vent 2 .2 l i fecyc le inventory 

database (16). The lifecycle assess-

ment models were developed in 

SimaPro Analyst version 7.2.4 

lifecycle assessment software (17). 

Key Assumptions

To mainta in ster i l it y,  t rad i -

tional durable equipment must 

be cleaned and steamed in place 

(CIP/SIP) between each batch. 

This process requires a large 

amount of purified water, water 

for injection (WFI), acids, and 

bases. The energy and support-

ing equ ipment requ i red a re  

all considered in this analysis. 

Single-use components that con-

tact media do not require rigor-

ous cleaning and sterilization, 

but instead are pre-sterilized by 

off-site Cobalt-60 (Co-60) irra-

diation. The transport of single-

use components to and from the 

facility is included as well as the 

facility’s operating energy, the 

Co-60 source, and the concrete 

required for the irradiation cell. 

These impacts are allocated to 

each irradiated component as a 

mass fraction of irradiation facil-

ity throughput.

The traditional durable equip-

ment is nominally assumed to 

have 10 -year l i fet imes,  a f ter 

which 25% of the equipment is 

re-used while the remainder is 

either recycled (90%) or land-

filled (10%). The single-use pro-

cess trains contain components 

that are designed to be used once 

and then discarded. The excep-

t ions are the replacement of 

single-use chromatography col-

umns, which are typically reused 

for several batches depending on 

the number of cycles per batch. 

In this case, a recommended 

usable life for a ReadyToProcess 

Capto S 2 .5 Chromatography 

(GE Healthcare) column is 20–50 

cycles. The LCA model assumed 

seven cycles per batch for pro-

tein A and five cycles per batch 

for ion exchange chromatogra-

phy (at 2000-L scale). The num-

ber of  cyc les for t rad it iona l  

chromatography is assumed to 

be two cycles per batch for both 

protein A and ion exchange 

chromatography.

Seve ra l  a s su mpt ions  we re  

made regarding t reatment at 

end-of-life. For single-use com-

ponents such as bioreactor bags, 

f i lte r s ,  and connec tors,  d is -

posal was assumed to occur via 

hazardous waste incinerat ion 

without waste heat recovery. 

Non-hazardous waste was sent 

to landfill or wastewater treat-

ment. Purif ied water and WFI 

was assumed to be used once 

without recovery.

Use -pha se  e le c t r ic i t y  wa s  

assumed to be f rom an aver-

age US grid mix. Selection of an 

average European electricity grid 

mix exhibits lower environmen-

tal impacts but does not lead  

to any discernable shift of rel-

ative magnitudes between sin-

gle-use and traditional process 

technology.

Figure 3: Endpoint impacts for the production of monoclonal antibody in a full 

process train at 2000-L working volume scale with assumed mAb titre of 6 g/

liter. Impacts displayed for individual endpoint impact contributions (y-axis) within 

each damage category (ecosystems, human health, resources). Traditional impacts 

are normalized to 100% within each damage category. Single-use impacts are 

expressed relative to traditional impacts within each damage category.
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The fuel mix for generation of 

WFI was composed of different 

ratios of fuel oil, natural gas, and 

electricity. The default mixture 

was equally weighted for fuel 

oil and natural gas at 45% each 

while electricity was weighted at 

10%.

Lifecycle Impact Assessment

Impact assessment methods are 

used to convert the l i fecycle 

inventory data (i.e., mater ial, 

energy, and emissions inputs and 

outputs throughout the product 

lifecycle for each component or 

activity) into a set of environ-

mental impacts. The results in 

this paper focus on the ReCiPe 

midpoint and endpoint impact 

assessment method (18).  The 

ReCiPe method is one of the 

most recent and comprehen-

sive impact assessment methods 

available to LCA practitioners. 

The method addresses a wide 

range of environmental concerns 

at the midpoint level and then 

aggregates the 18 midpoints into 

a set of three endpoint damage 

categor ies (Table I).  Midpoint 

impacts ref lect the impact at  

a  common midpoint  in the 

cause-effect chain, while end-

point impacts assess the measure 

of the damage caused by that 

stressor at the end of the cause-

effect chain. 

The damage categories con-

sidered are human health, eco-

systems, and resources. Human 

health is expressed in units of 

d isabi l it y adjusted l i fe years 

(DALYs) and covers fate, expo-

sure, effect, and damage anal-

yses. The ecosystems damage 

category reflects the percentage 

of species that disappear in a cer-

tain area due to the environmen-

tal load, expressed in units of 

species per year (potentially dis-

appeared fraction [PDF] m2 yr-). 

Finally, the resources damage 

category represents the increased 

cost to society for future extrac-

tion of the depleted resource, 

expressed in economic units.

RESULTS AND DISCUSSION

Figure 1 shows the lifecycle mid-

point impacts for single-use vs. 

traditional process technology 

for the full process train with 

a  2 0 0 0 - L  work i ng  vo lu me . 

Traditional impacts are normal-

ized to 100%, and single-use 

impacts are expressed relative to 

traditional impacts within each 

impact category. The single-use 

approach exhibits lower environ-

mental impact in all 18 midpoint 

impact categories studied.

Figure 4: Endpoint damage category impacts for the production of monoclonal antibody in a full process train at 2000-L 

working volume scale with assumed mAb titre of 6 g/liter. Impacts displayed for unit operation contributions (y-axis) within 

each damage category (ecosystems, human health, resources). Traditional impacts are normalized to 100% within each damage 

category. Single-use impacts are expressed relative to traditional impacts within each damage category.
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Figure 2 shows the l i fecycle 

endpoint impacts grouped into 

three damage categor ies (i.e., 

hu ma n hea lt h ,  e cos y s te m s , 

resources) and d i f ferent iated 

by lifecycle stage (i.e., supply 

chain, use phase, end-of-l ife). 

Supply chain includes materials 

and manufacturing of all pro-

cess equipment and consumables 

required to support a 10-batch 

mAb production campaign. Use 

phase includes all impacts that 

occur during mAb production, 

including c leaning and ster-

ilization of traditional durable 

equipment bet ween batches. 

End-of-life includes the disposal 

of consumables and the disposal, 

re-use, or recycling of allocated 

portions of durable components. 

Traditional impacts are normal-

ized to 100% within each dam-

age categor y,  and single -use 

impacts are expressed relative 

to tradit ional impacts within 

each damage category (note that 

impacts should only be com-

pared within each damage cat-

egory and not across damage 

categories). Single-use process 

technology exhibits lower end-

point impacts compared to tra-

d it iona l  process  technolog y 

within each damage category. 

The major it y of  impacts for 

both single-use and traditional 

process technology occur dur-

ing use phase, predominantly 

due to environmental impacts 

associated with large amounts 

of energy used for steam gen-

eration, water purification, and 

equipment operat ion. Supply 

chain impacts contribute from 

4 - 8% of  t he  tota l  l i fe c yc le  

impacts, and end-of-life impacts 

contribute less than 1%.

Figure 3 examines the contri-

bution of individual endpoint 

impacts within each damage cat-

egory. In this plot, the sum of 

impacts for traditional process 

technology within each damage 

category is normalized to 100%, 

and the impacts of single-use 

process technology are expressed 

r e l a t i ve  to  t he  t r ad i t ion a l  

impacts.  For both single -use 

and traditional process technol-

ogy, the predominant impacts 

within the human health dam-

age category are climate change 

(impact on human health), par-

ticulate matter formation, and 

human toxicity. The predomi-

nant impacts within the ecosys-

tems category are climate change 

(impact on ecosystems),  and 

Table I: Environmental impact categories considered. DALY is disability adjusted life years.

ReCiPe Midpoint (H) V1.04 / World ReCiPe H ReCiPe Endpoint (H) V1.04 / World ReCiPe H/A

Midpoint impact category Unit Endpoint impact category Damage category Unit

Climate change kg CO2 eq Climate change human health Human health DALY

Ozone depletion kg CFC-11 eq Ozone depletion Human health DALY

Human toxicity kg 1,4-DB eq Human toxicity Human health DALY

Photochemical oxidant formation kg NMVOC Photochemical oxidant formation Human health DALY

Particulate matter formation kg PM10 eq Particulate matter formation Human health DALY

Ionizing radiation kg U235 eq Ionizing radiation Human health DALY

Terrestrial acidification Kg SO2 eq Climate change ecosystems Ecosystems species.yr

Freshwater eutrophication kg P eq Terrestrial acidification Ecosystems species.yr

Marine eutrophication kg N eq Freshwater eutrophication Ecosystems species.yr

Terrestrial ecotoxicity kg 1,4-DB eq Terrestrial ecotoxicity Ecosystems species.yr

Freshwater ecotoxicity kg 1,4-DB eq Freshwater ecotoxicity Ecosystems species.yr

Marine ecotoxicity kg 1,4-DB eq Marine ecotoxicity Ecosystems species.yr

Agricultural land occupation m2a Agricultural land occupation Ecosystems species.yr

Urban land occupation m2a Urban land occupation Ecosystems species.yr

Natural land transformation m2 Natural land transformation Ecosystems species.yr

Metal depletion m3 Metal depletion Resources surplus cost

Fossil depletion kg Fe eq Fossil depletion Resources surplus cost

Water depletion kg oil eq – – –
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within the resources category are 

fossil depletion. Single-use pro-

cess technology exhibits lower 

impact compared to traditional 

process technology within each 

of these individual impact cat-

egories. Note that the predomi-

nant impact categories within 

each damage category (climate 

change, particulate matter for-

mat ion, fossi l  deplet ion) a re 

related to energy generation and 

use. This is primarily due to the 

large amount of energy required 

for operation of equipment, gen-

eration of WFI, and clean steam 

associated with traditional CIP/

SIP support processes.

Figure 4 shows the contribution 

of each unit operation to envi-

ronmental impact within each 

damage category. The single-

use process technology exhib-

its lower environmental impacts 

in almost all of the unit opera-

tions, with the exception of pro-

tein A and capture ion exchange 

chromatography where the sin-

gle-use alternative has slightly 

higher impacts than the tradi-

tional process technology. This 

is mainly due to the assump-

tion in this study that multiple 

single-use columns are used in 

place of one traditional column 

and the assumption that the 

single-use columns are reused, 

which requires that the columns 

undergo cleaning and r insing 

steps analogous to that of the 

traditional columns.

The largest operational con-

t r i b u t o r  t o  e nv i r o n me nt a l  

impact for both single-use and 

traditional process technology in 

all three damage categories is the 

support CIP/SIP systems, which 

include shared services such as 

the CIP/SIP generation systems, 

process water, media prepara-

tion, common hold and buffer 

tanks, and HVAC requirements. 

The most inf luential contribu-

tions to environmental impact 

within this unit operation are 

the energy to operate the CIP/

SIP skids and other support sys-

tems and the steam required to 

maintain process equipment to 

set-point temperatures. The CIP/

SIP energy needed by the sin-

gle-use process technology is sig-

nificantly less than that of the 

traditional process technology 

because the single-use process 

requires much less steam, water, 

and cleaning f luids, and the  

si ze of the required suppor t 

systems can be reduced signif-

icantly. This overall reduction 

in size and operational support 

results in much smaller energy 

demand.

The next la rgest  contr ibu-

tions from unit operations come 

from the bioreactor and from the 

chromatography steps (protein A, 

capture ion exchange, and flow 

through ion exchange chroma-

tography). For the bioreactor, 

the largest contributors to envi-

ronmental impact are associated 

with energy generation and use. 

For the tradit ional bioreactor 

this includes steam for process 

temperature set-point control 

and steam and WFI for cleaning 

and sterilization. The single-use 

bioreactor is electrically heated 

(heating is more efficient due to 

lower thermal mass) and requires 

no cleaning or sterilization.

Although the protein A chro-

matography unit operation is a 

significant contributor to envi-

ronmental impact across the 

full process train for both pro-

cess technologies, the difference 

in impact between single-use 

and traditional is less than 2% 

within each damage category. 

More detailed discussion regard-

ing the Support CIP/SIP Systems, 

bioreactor, and Protein A chro-

matography unit operations are 

reported elsewhere (15).

End-of-life impacts contribute 

very little to the overall lifecycle 

impacts for both single-use and 

traditional process technology, 

as was seen in Figure 1. The sin-

gle-use process does contribute 

greater environmental impact 

at end-of-life mainly due to the 

disposal of single-use consum-

able components. In contrast, 

the reuse of durable components 

at the end of their primary life 

results in positive environmental 

benefits. 

The sensitivity of the study 

resu lt s  to  va r iat ions in key 

assumpt ions was extensively  

a na ly z e d  u s i ng  a  P l ac ke t t -

Burman exper imenta l design 

(15). None of the variations in 

key assumptions had a notable 

effect on the study conclusions.

Although the results shown 

in Figures 1- 4 focused on the 

2000-L working volume scale, 

similar results were obtained at 

100-L and 500-L scales. The com-

parisons between single-use and 

traditional process technology 

apply at each of the three scales 

studied.

CONCLUSION AND 

RECOMMENDATIONS

This study has shown that sin-

gle-use process technology can 

have less impact on the envi-

ronment than traditional pro-

cess technology in a broad range 

of environmental impact cate-

gories. For the conditions and 

equ ipment explored in th i s  

study, single-use process tech-

nology exhibited lower envi-

ronmental impact compared to 

traditional process technology 

in all midpoint and endpoint 

damage categor ies that were 

considered. Although single-use 

process technology introduces a 
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need for the production, distri-

bution, and disposal of single-

use components, it also reduces 

or eliminates the need for large 

quant it ies  of  steam, process  

water, and WFI. 

T h ree  of  t he  u n it  ope ra -

t io n s  w e r e  fo u nd  t o  c o n -

t r ibute a major ity of impact 

for both single -use and t ra-

d i t ion a l  p r o c e s s  t e c h nolo -

g ies:  suppor t CIP/SIP system 

(includes shared services such  

as the CIP/SIP generation sys-

tems, process water, media prep-

aration, common hold and buffer 

tanks, and HVAC requirements); 

bioreactor; and Protein A chro-

matography.

As susta inabi l it y concerns  

become more prevalent in busi-

ne s s  d e c i s io n - m a k i n g ,  t he  

insights presented in this study 

can be helpful in planning or 

retro-fitting either single-use or 

tradit ional biopharmaceutical  

manufacturing facilities, as well 

as providing guidance for envi-

ronmentally conscious product 

and process development for the 

biopharmaceutical manufactur-

ing industry.

REfERENCES
 1. H. Haughney and J. Hutchinson, Genetic 

Engineering News 24(8) (2004).
 2. A. Sinclair and M. Monge, BioProcess 

International 2(S9), 26-31 (2004).
 3. A. Sinclair and M. Monge, BioProcess 

International 3(9) (2005).
 4. M. Fuller and H. Pora, BioProcess 

International 6(10), 30-36 (2008).
 5. C. Mintz, Life Science Leader, July 29 

(2009), www.medicaldesignonline.
com/download.mvc/Single-Use-
Disposable-Products-A-State-Of-
0001?user=20&source=nl:24985#, 
accessed September 14, 2011.

 6. H. Pora and B. Rawlings, BioProcess 

International 7(4), 9-16 (2009).
 7. L. Leveen, American Pharmaceutical 

Review 12(6), 72-79 (2009).
 8. M. Mauter, BioProcess International 7(3), 

18-29 (2009).

 9. B. Rawlings and H. Pora, BioProcess 

International 7(2), 18-26 (2009).
10. A. Sinclair, L. Leveen, M. Monge, J. 

Lim, and S. Cox, BioPharm International 

Supplement, 2 November, 4-15 (2008).
11. ISO 14040, Environmental management 

– Life cycle assessment – Principles and 

framework, 2006.
12. ISO 14044, Environmental management – 

Life cycle assessment–Requirements and 

guidelines, 2006.
13. Dr. Pascal Lesage (CIRAIG), Dr. Dirk Böhm 

(Merck Serono), Ekta Mahajan (Genentech 
Inc.) 

14. M. Pietrzykowski, W. Flanagan, V. Pizzi, A. 
Brown, A. Sinclair, M. Monge, BioPharm 

International Supplements 24(11), 30-38 
(2011).

15. M. Pietrzykowski, W. Flanagan, V. Pizzi, 
A. Brown, A. Sinclair, M. Monge, Journal 

of Cleaner Production 41, 150-162 
(2013).

16. ecoinvent Centre, The life cycle inventory 
data version 2.2. Swiss Centre for Life 
Cycle Inventories (2010).

17. PRe Consultants, http://pre.nl
18. Goedkoop M.J., Heijungs R, Huijbregts 

M., De Schryver A.;Struijs J., Van Zelm 
R, ReCiPe 2008, A life cycle impact 
assessment method which comprises 
harmonised category indicators at  
the midpoint and the endpoint level;  
First edition Report I: Characterisation;  
Jan. 6 2009, www.lcia-recipe.net  BP

BioPhar
m

The Science & Business of Biopharmaceuticals

INTERNATIONAL

www.biop
harminter

national.co
m

y 2012

Volume 25   Number 2

BioPharmThe Science & Business of Biopharmaceuticals

INTERNATIONAL
June 2012

Volume 25   Num

www.biopharminternational.com

G ro u p

We’re more than just a magazine...

Get all this and more.  
Subscribe now at

www.biopharminternational.com

BioPharm International’s eApplication Note Alert 
is a monthly e-newsletter containing application 
notes from top companies in the industry.

BioPharm International’s digital edition makes 
it possible for professionals involved in the
biopharmaceutical science and business to 
access credible information from the leading 
authoritative source across the globe.

Digital  
Edition

BioPharm International’s eBulletin provides news 
and insights about technology and regulatory 
issues, the latest company changes, people 
moves, and current conference calendar.

Science & 
Business 
eBulletin@

eApplication  
Note Alert

+ access to

podcasts   web seminars   

surveys

ES397909_BPSUPP0314_023.pgs  03.03.2014  18:38    ADV  blackyellowmagentacyan



s24     Supplement to BioPharm International    March 2014     www.biopharminternational.com

Single-Use Systems  Fill/Finish

Single-Use Technology 
Application of single-use technology  

in a parenteral facility for syringe filling.

Dr. AnDreA Detroy, Dr. ChristiAn MAtz, MArk Leykin, ernest Jenness, AnD ross W. ACuCenA

T
he f i l l /f in i sh process  of  a sept ica l ly  

prepared drug products requires sophis-

ticated technology and machinery in a 

highly controlled GMP environment (see  

Figure 1).  Single-use f i l l/f inish assem-

bl ies  must meet st r ingent requi rements to 

ensure f low-path sterility and integrity, ensure  

operational safety, and provide fill-volume accuracy 

accordingly. 

Traditional f i l l/f inish systems are made up 

of complex components that require assembly,  

cleaning, and sterilization prior to aseptic fill-

ing.  These operat iona l  steps of ten inc lude  

handling of open aseptic connections, such as tri-

clamp, thus, presenting small parts of the flow path 

to the surrounding environment and allowing the 

possibility of contamination and sterility breach. Time 

pressure and rotary piston-pump systems, which are 

still predominant methods for dosing/filling, often 

require aseptic component assembly. The associated 

risks of cross-contamination, particle, or microbial 

contamination are minimized by using validated 

clean-in-place (CIP) and steam-in-place (SIP) proce-

dures to ensure high probability of sterile final prod-

uct flow paths. 

Traditional stainless-steel fill/finish facilities are con-

sidered inflexible, with long change-over times and high 

operating costs. Cleaning, decontamination, assem-

bly, CIP, and SIP during product change-over create a  

bottleneck in the filling line operation. Validation of 

cleaning and sterilization processes and effort for clean-

ing validation analytics are lengthy, labor-intensive tasks 

to ensure repeatability of the process. These steps con-

tribute to creating a bottleneck when time to market is 

essential. 

The nature of these fixed systems is at odds with 

a market that is undergoing rapid transformation. 

Smaller batch sizes, more varied product portfolios, 

and intensifying pressure to speed time to market and 

reduce costs are not compatible with traditional fill/ 

finish systems or their capacity usage profile. 

A number of pharmaceutical manufacturing steps 

are increasingly moving toward single-use solutions to 

enhance operational flexibility, reduce contamination 

risk, and reduce capital investment in facilities and 

equipment. Elimination of cleaning at various stages 

in the manufacturing process brings a higher level of 

safety to the operator. While the expected benefits 

of single-use technology are well recognized, actual 

examples of what single-use technology can deliver 

within fill/finish operations are now being realized. 

Roche Diagnostics GmbH (Mannheim, Germany) 

recently implemented a single-use assembly (pre-

assembled, gamma-irradiated, ready-to-use, tank-to-

needle concept) in a state-of-the-art multi-product 

final filling suite with isolator technology (see Figure 1). 

This article describes a novel approach to sterile drug 

product manufacturing and the benefits delivered in 

terms of efficiency and flexibility. The authors pro-

vide an overview of the qualification and validation 

approach, designed to effectively mitigate potential 

risks and ensure regulatory approval.

Roche Diagnostics sought to implement single-use 

technology in fill/finish using isolator filling technol-

ogy with the following key objectives in mind:

•	 Reduce	risk	of	cross	contamination	

•	 Reduce	risk	of	microbial	contamination	by	limiting	

the number of valves and manifolds traditionally 

used for transport of media and buffers

•	 Optimize	 the	 capacity	 of	 the	 filling	 line	 and	

improve efficiency by shortening time required 

for setup and changeovers as well as minimize  

product loss

•	 Reduce	 complexity,	 installations	 and	 interven-

tions within filling isolator, such as no CIP/SIP 

equipment installation; reduced capital invest-

ment; elimination of cleaning and sterilization 

Dr. AnDreA Detroy* is head of QC packaging materials projects, 
Medical Devices & Disposables, Roche Diagnostics GmbH, Mannheim, 
Germany; Dr. ChristiAn MAtz is global project manager, Biologics 
Manufacturing Science and Technology, F. Hoffmann-La Roche Ltd, Basel, 
Switzerland; MArk Leykin is senior validation engineer, EMD Millipore; 
ernest Jenness is Mobius product manager, EMD Millipore; and ross W. 

ACuCenA* is regulatory consultant, Provantage Services, EMD Millipore.

*To whom all correspondance should be addressed, andrea.detroy@roche.com 
and ross.acucena@emdmillipore.com. 
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costs; elimination of SIP/CIP 

maintenance costs and substan-

tial energy costs for SIP; place-

ment of peristaltic pump rack 

outside the isolators’ aseptic core 

in Grade D environment for ease 

of set-up and maintenance

•	 Increase	 flexibility	 for	 multi-

product f ill ing by ensuring 

applicability for high through-

put plant (three shifts per day, 

five days per week) and small-

scale products and/or clinical 

demands.

A major factor that helped 

drive this project was Roche’s 

corporate culture embodied by 

the company’s mission, “We 

Innovate Hea lthcare,” which 

guides not only drug discovery 

and development but also the 

adoption of novel technologies 

for manufacturing. At the time 

this project was initiated, no spe-

cific regulatory guidance existed 

regarding the implementation of 

single-use materials at the final  

filling stage, which is the most 

crucial unit operation in con-

tact with the liquid-drug prod-

uct before it reaches the patient. 

Lacking a true precedent, a cru-

cial requirement for commercial 

implementation was the estab-

lishment of a risk-based strategy 

and a rationale to qualify and 

validate this application of sin-

gle-use technology at the Roche 

Mannheim site.

In addition to the need to cre-

ate a robust qualification and 

validation strategy, a number of 

technical challenges were present. 

The filling facility was designed 

to take full advantage of a closed-

system sterile flow-path, achiev-

able with single-use systems that 

are designed with sterile-to-sterile 

connectors. Syringe filling with a 

tray	filler	technology	(INOVA	HS	6,	 

high-speed line, 10-needle stations) 

occurs in a Grade A isolator that is 

contained within a Grade D envi-

ronment. The design leaves por-

tions of the final transfer assembly 

that are holding sterile filtered drug 

product in a Grade D environment 

(see Figures 2 and 3) including the 

final sterile filtration step and peri-

staltic pump rack.

Because no single-use supplier 

had an off-the-shelf solution, 

a custom-engineered solution 

was required. In addit ion to  

standard library components, new  

components were designed to 

meet user requirements,  for  

example, filling needles and a 

manifold for 10 tubings connected 

to 10 filling needles.

Beside the aspect to link storage  

tanks with the filling isolator 

directly, a single-use assembly is 

also used in a Grade C compound-

ing area to transfer and filter the 

formulated bulk solution from the 

stainless-steel compounding tanks 

to the storage tanks, placed in the 

Grade D nearby. As conventional 

stainless-steel tanks are used with 

single-use assemblies in between, 

the system is considered a hybrid 

solution.

EMD Millipore was selected as 

the single-use assembly supplier 

and project partner of Roche in 

the development of this solution. 

Integrating single-use technol-

ogy to work harmoniously with 

Roche’s specified hardware equip-

ment required the addition of sev-

eral single-use components that 

EMD Millipore had not previ-

ously qualified under the Mobius 

qualification program. As a result, 

components were being quali-A
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Figure 2: Peristaltic pump rack and 

single-use flling assembly.

Figure 1: Tray fller line for syringe flling. Lifting robot for stopper vessel 

placement of an alpha/beta port to feed into Grade A flling core (front). 

Disposable and peristaltic pump rack for flling assembly, placed in Grade D 

environment (middle). 

ES397880_BPSUPP0314_025.pgs  03.03.2014  18:37    ADV  blackyellowmagentacyan



s26     Supplement to BioPharm International    March 2014     www.biopharminternational.com

Single-Use Systems  Fill/Finish

fied in parallel with the single-

use system design efforts. These 

components included the filling 

needles and needle cartridge and a 

10-tube filling manifold that was 

the mechanism that delivered the 

sterile drug product from the res-

ervoir bag into the 10 needles at 

the filling station. This approach 

added complexity to the project 

by creating more interdependency 

across discrete actions including  

c o - d e ve lop me nt  w i t h  s u b -  

suppliers. Another implication of 

this approach was the need for a 

more system-specific qualification 

approach to meet project timelines 

and regulatory requirements. 

Qualification and validation 

To qualify and validate the use of 

single-use systems in Roche’s fill/

finish process, a team with repre-

sentatives from both organizations 

was chartered. This team reviewed 

the project needs, particularly how 

single-use technology was to be 

efficiently and safely employed, and 

established the underlying qualifi-

cation principles of the individual 

components and the system itself. 

The team evaluated the interactions 

of the single-use assemblies with 

the manufacturing process, the 

manufacturing environment, and 

with the drug compound to ensure 

patient safety, and developed a 

qualification package to effectively 

mitigate and remove risk from the 

process. A key factor for success 

was a team approach incorporat-

ing members from Roche and EMD 

Millipore. The Roche team included 

a cross-section of expertise with 

representatives from manufacturing 

as well as quality, engineering, and 

microbiology groups. 

The risk-based approach identi-

fied several key validation activi-

ties that were required to reduce 

the risk of a non-integral single-use 

assembly having an adverse effect 

on the drug product including:

•	 An integrity test that correlated 

to microbial ingress

•	 Validation of packaging

•	 Assemblies shelf-life validation

•	 Sterilization validation

•	 Extractable studies

•	 Produc t- spec i f ic  leachable   

studies.

Integrity testing

With portions of the single-

use assembly containing sterile  

product in a Class D room envi-

ronment, integrity of the system  

i s  c r uc i a l .  M ic rob io log ic a l   

cha l lenge test ing ident i f ied  

30 μm as the defect size that 

would allow ingress of bacteria  

under process conditions. To 

reduce r isk, a specia l high- 

sensitivity integrity test (pressure  

Figure 4: Special high-sensitivity integrity test (pressure decay) was 

developed to assure that defective units would be rejected.

Figure 3: Applications in fll/fnish processing. Step 1: Prefltration step 

between compounding tank and storage tank. Step 2: Tank-to-needle 

concept. Transfer of solution from storage tank to flling station/point of fll 

(includes fnal sterile fltration).

Use of disposable fluid transfer systems: hybrid system

FILTERSET TRANSFERSET FILLING

Aseptic core Class A

Filling isolator/Tray filter line
Storage vessel

Steam through outlet Stoppers Syringes

Compounding vessel

Cleanroom Class C Cleanroom Class D

Grade D environment

Note: The entire assembly

was integrity tested using

the standard pressure-decay

method. The components

highlighted in green were

also tested using a high-

sensitivity integrity test.

Connection to Grade A
environment
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decay) was developed to assure that 

defective units would be rejected (see 

Figure 4). Qualification of the high-

sensitivity pressure-decay test identi-

fied the following as key parameters 

of the integrity test: 

•	 Stabilization time was needed due 

to the initial stretching of the bag 

and tubing. 

•	 Longer test t ime improved 

resolution of the test; however, 

process time is also important.

•	 Test  pressu re  (10 0 mba r/ 

1.5 psig) was selected as a 

compromise between better 

resolut ion of the test and 

negative effect of high pressure 

on the bag and assembly.

•	 Test temperature (i.e., room 

temperature) was constant 

within the duration of the test; 

enclosure helped maintain 

constant temperature, and 

a char t recorder measured 

temperature during testing.

•	 The resulting high-sensitivity 

integrity testing demonstrated 

s t a t i s t i c a l l y  s i g n i f i c a n t  

separation between defective 

and integral assemblies (see 

Figure 5).

Packaging validation

T he a ssembl ies  conta ined a 

number of  new components  

that were not previously qual-

i f i e d  b y  E M D  M i l l i p o r e . 

Additionally, the criticality of 

where the assemblies would be 

used warranted the conduct of 

an assembly-specific packaging  

v a l i d a t i o n  t o  c o m p l e m e nt  

t h e  f a m i l y  a p p r o a c h  t h a t  

i s  u s e d  t o  v a l i d a t e  E M D  

Mil l ipore’s  Mobius Assembly 

p a c k a g i n g  ( s e e  F i g u r e  6 ) . 

Packages of single-use systems 

that were exposed to worst-

case simulated shipping con-

dit ions according to ISTA 2A 

(a series of drop, compression, 

and v ibrat ion exposure) were 

then ver i f ied for  acceptable 

sterile barrier packaging integ-

rity by bubble-emission testing 

and single-use system integrity 

by two integrity-test methods: a 

standard pressure-decay test of 

the complete assembly and the 

high-sensit iv ity integr ity test 

of the critical f low-path down-

st ream of the ster i l i z ing f i l -

ter.  Packag ing spec i f icat ions  

and instructions with detailed  

photos  a re  inc luded on the  

s i ng le -u se  s y s tem d raw i ngs  

because properly designed and 

qualified packaging systems are 

crucial to the integrity of single-

use systems.

Packaging testing Assembly testing

FunctionalitySterility

Assembly
manufacturing

Single-use system
manufacturing
integrity testing

Packaging
review

Packaging
Gamma

sterilization

Single-use system
manufacturing
integrity testing

Package integrity:
ASTM F2096: 2002

Performance test: ISTA 2A
ASTM® D4169: 2001

Single-use system
manufacturing
integrity testing

Figure 5: High-sensitivity integrity test (HSIT) cross-validated to 

microbial ingress. Microbiological challenge testing identifed 30 μm as 

the defect size that would allow ingress of bacteria under process conditions. 

Orifces of 30 μm were lasered into bag flm, being the worst-case material 

compared to tubing or connectors.

Figure 6: Packing validation process.
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Shelf-life validation

The assemblies contained a num-

ber of new components speci-

fied by the client, which had not 

been previously qualified for post-

gamma shelf life (see Figure 7). 

Assemblies were age accelerated 

in accordance with the Arrhenius 

equation where an elevated tem-

perature is used to accelerate aging. 

Two sets of three single-use systems 

were aged on an accelerated basis 

for real time equivalence of 12 and 

25 months. The aged systems were 

then tested by the high-sensitiv-

ity integrity test at the assembly 

shelf life and used for fill process 

performance to ensure filling vol-

ume accuracy at the assembly 

shelf life. The system approach to 

shelf-life validation was chosen to 

verify proper fit, form, and func-

tion of components in an installed 

and system state, providing a high 

degree of assurance that the system 

will function as specified over the 

full shelf life claim of two years.

Sterilization validation

Without quarterly dose audit his-

tory on new components, it was 

required to conduct a gamma-ster-

ilization validation of the com-

plete single-use system according 

to	 ISO	 11137	 to	 assure	 sterility 	

at the 25k Gy minimum gamma 

irradiation dose (see Figure 8). 

Taking the single-use system  

specific approach to sterilization 

validation helped to reduce the 

risk of incorporating new compo-

nents and materials that did not 

have a well-established steriliza-

tion history under the existing  

quarterly dose audit program. 

Ongoing	 sterility	 assurance	 is	

achieved by incorporating the new 

materials into the representative 

product that is used in the con-

duct of the quarterly dose audit 

program	per	 the	 guidance	 of	 ISO	

11137	(1).

Outcome of the  

validation approach

The validation activities were 

completed success f u l ly  a nd  

demonstrated the robustness of the 

single-use system design. Roche 

received positive outcome of an 

authority GMP inspection of their 

new facility, which focused on 

the use of single-use systems. The 

success of this project was attrib-

uted to the strong collaborative 

effort between Roche and EMD 

Millipore. The skill sets of both 

parties were important to develop-

ing a successful risk-based valida-

tion strategy.

Best Practices

As Roche and EMD Mill ipore 

par tnered to implement this 

single-use fill/finish solution, a 

number of best practices were 

identified. 

Interdisciplinary teams

Roche brought together the  

various functional groups that 

would potentially benefit from 

th is  new process,  inc lud ing  

representatives f rom the user 

group, quality, microbiology, and 

engineering, while EMD Millipore 

also assembled a cross-functional 

team with product development, 

R&D, manufacturing, validation, 

and applications expertise. Early 

involvement of the affected teams 

was important.

The blended teams brought 

together the knowledge neces-

Figure 7: Shelf-life validation process.

Figure 8: Gamma-sterilization validation process.
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sary to drive a successful solu-

t ion. For Roche, it was their 

knowledge of the process and 

facility design, and expectations 

of local regulatory authorities 

on GMP design and validation 

needs. EMD Millipore brought 

expertise on single-use materi-

als of construction, manufac-

turing expertise, and single-use 

systems and validation expertise.  

A close, collaborative working 

relationship between the drug  

manufacturer and single -use 

supplier based on openness and 

transparency was important. Face-

to-face meetings were encouraged 

and were a key element in helping 

to create a common understand-

ing and set of goals between the 

two companies. Weekly telecon-

ferences assured continuous align-

ment and project control.

Dedicated project management

With an undertaking of this  

magnitude, it was essential to 

put in place a dedicated project  

manager. As earlier stated, the  

project timeline required the qual-

ification of component materials  

and integrity-test methods in 

parallel to the single-use system  

design, development, and qualifica-

tion efforts, and the building and 

qualification of the filling equip-

ment, which resulted in many 

interdependencies. Close moni-

toring of project action items and 

updating of timelines for deliver-

ables was, therefore, required.

Stringent supplier management

Reg u lator y author it ie s  have 

strongly recommended a thor-

ough approach to supplier and 

sub-supplier qualification with a 

strong focus on the agreements 

and specifications in place with 

each, as crucial process steps, 

such as sterilization, are no lon-

ger under direct control while 

outsourced. Also crucial to suc-

cess was Roche having access to 

EMD Mill ipore sub-suppliers. 

This process was facilitated by 

the strong relationships EMD 

Millipore had in place with their 

suppliers, which allowed Roche 

to readily access audits across the 

entire value chain including EMD 

Millipore’s sterilization provider 

and microbiological contract labs.

Frequent day-long “Man at the 

Plant” visits to the EMD Millipore 

facility, which included project  

team members  f rom Roche, 

allowed both partners to build 

t rust and share expectat ions  

around required processes in 

assembling, testing, and overall 

handling of the single-use sys-

tems. EMD Millipore was able to 

adapt to evolving requirements 

surrounding the final fill/finish 

processes in aseptic/sterile manu-

facturing of drug products.

Engagement of  

regulatory authorities

Faced  by  new te c h nolog ie s  

t hat  l ac ke d  g u id a nce  f rom 

of f ic ia l  GM P doc u ments  so  

fa r,  Roche dec ided to pres -

ent their facil ity design, new 

technology concepts, and con-

t rol  and qua l i f icat ion st rat-

egies to local authority bodies  

as well as to FDA in an early 

stage of the project. Feedback was 

included in the further qualifica-

tion and validation program.

The single greatest challenge 

of this project was the need for 

both teams to step into “grey 

space” to deliver on the proj-

ect	 requirements.	 On	 one	 hand,	

this was a key challenge to over-

come.	 On	 the	 other,	 it	 was	 a	

key factor in how the team was 

able to function in a highly col-

laborat ive way. Neither com-

pany, nor any individual team 

member, came into the project 

with a deeply rooted methodol-

ogy or process for achieving a  

successful outcome. The team 

truly had to develop the solu-

tion to the challenges together. 

Discussion and debate over the 

best path was often intense as the 

stakes were high but the dynamic 

always remained collaborative. 

Team members also remained 

highly committed throughout 

the project, motivated not only 

by professional goals and objec-

tives, but a personal commitment 

to advancing and improving a 

crucial pharmaceutical manufac-

turing step. Experience, however, 

yields efficiency and many of the 

technical hurdles that were dif-

ficult to overcome in this project 

are now much less challenging 

for future projects. With a greater 

knowledge of regulatory expecta-

tions, a sound risk-based quali-

f icat ion approach, improved 

component library, and greater 

understanding of high-sensitiv-

ity integrity testing, both EMD 

Millipore and Roche are better 

positioned for future projects of 

similar scope.
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The big question for large-scale 

commercial market penetration 

remains pricing, with the mar-

ket likely not being persuaded 

to switch from in-house column 

packing without a signif icant 

cost motivation. 

ConClusion

T he need for  bet te r  s ing le -

use and disposable systems in 

downstream processing is grow-

ing. BioPlan’s Annual Biomanu-

facturing Study has consistently 

indicated that the incremental 

improvements being applied to 

downst ream chromatography 

steps are not resolv ing exist-

ing problems.  Cost of Protein 

A resins, problems with packing 

columns, and the lack of cost-

ef fect ive and large-sca le d is -

posable chromatography media 

and methods suggest that sin-

gle-use technologies could alle-

viate many downstream issues.  

But so far, few cost-ef fect ive 

alternatives exist.  The average 

$12,000-per-liter cost for Protein 

A and its recyclabil ity makes 

it more difficult for disposable 

options to gain wide, large-scale 

market penetration.

The move toward disposable 

upstream bioprocessing and the 

implementation of more flexible 

facilities will continue to push-

downstream operations toward 

innovative alternatives.  Some 

of these may include membrane 

adsorbers, and pre-packed, sin-

g le -use chromatography col-

umns.  We expect the t rend 

toward more vendors developing 

broader ranges of downstream 

technologies at higher quality 

and relat ively lower cost wil l 

continue.
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 1. BioPlan Associates, 10th Annual 

Report and Survey of Biopharmaceutical 

Manufacturing Capacity and Production 
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Pre-Packed Technologies on the Horizon

The pre-packed column segment is leveraging suppliers’ innovative 

expertise in resins and services, as well as designs that meet users’ 

needs. Just a few examples: 

•	 EMD-Millipore’s	 recently	 launched	Chromabolt	 columns	 featuring	

ion-	exchange	 resins.	Expect	Protein	A	and	other	affinity	 resins	 in	

the	next	year	or	two.	Some	of	the	technology	designs	ensure	single	

person	transportability	and	ergonomics.	

•	 Atoll	 Bio	 launched	 its	 MaxiChrom	 AC	 product	 line	 for	 cGMP	

columns	>1	L	for	preclinical	and	small-scale	manufacturing.		Atoll	

packs	commercially	available	resins	and	packs	multiple	sizes,	from	

96-well applications through large-scale formats for clinical scale 

manufacturing.

•	 Repligen	 launched	 its	OPUS	pre-packed	 disposable	 columns,	 and	

is	launching	a	45	cm	ID	pre-packed	column	in	early	2014.

•	 ThermoFisherScientific/Life	 Technologies	 recently	 offered	 its	

GoPure	 column	 for	 development	 and	 pilot-scale	 separations,	 in	

sizes	up	to	20	cm.
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Before saving the day,  
even superheroes need 
to clean their rooms. 

EMD Millipore is a division of Merck KGaA, Darmstadt, Germany

EMD Millipore and the M logo and are trademarks of Merck KGaA, Darmstadt, Germany.  Clarisolve is a registered trademark of Merck KGaA, Darmstadt, Germany. 

© 2013 EMD Millipore Corporation, Billerica, MA  USA. All rights reserved.

The first step in purifying a life saving drug is Clarification.  

To get this step done right and to ensure successful  

downstream purification, you need a partner who will  

provide you with products, services and expertise you can  

rely on. With the help of EMD Millipore clarification products, 

you’ll know your purification process is off to a clean start  

so you can move on to bigger things — like saving the world.   

Learn more about our new Clarisolve® Depth Filters 

for primary clarification of  pretreated feed streams  

visit www.emdmillipore.com/clarisolve 
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