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effect, the increased waste must be wei-
ghed against decreased water and che-
mical usage.
It is important to note that localized
conditions and regulations may create
significant differences in total lifecycle
costs. Consequently, the choice between
disposable and stainless steel manufac-
turing could differ (see Table 2).
If the use of disposable technology has
the potential to significantly reduce the
amount of energy, water and chemicals
necessary in the biomanufacturing pro-
cess, then some of this technology’s
environmental impacts are positive. But,
the challenge of solid waste production
remains.

Varying Impacts During Dispo-
sal Phase

Given the importance of the disposal
lifecycle phase, it is necessary to unders-
tand what wastes are created, and how
the biopharm facility is disposing of
solid wastes, and the resulting impacts
at this phase. 
One initial consideration is that disposa-
ble systems can drive the manufacturer
to move away from fixed stainless
assets, which can last up to 20 years,
toward systems that create solid waste
with every use. As such, it is preferable to
specify single-use systems early in pro-
cess design. But, the solid waste impacts
of switching to single-use after stainless

installation need to be weighed against
value of scrap stainless, which is easily
recycled, reduces greenhouse gas emis-
sions and need for mining ores (4)
Potential solid waste routes include the
following:
Recycling – Although preferable from a
lifecycle impact perspective, single-use
bioprocess systems are typically
constructed from proprietary, bonded
multi-layer technology, often utilize
combinations of polyethylene, polypro-
pylene, and ethylene vinyl alcohol and /
or nylon (5). Recycling would require pre-
treatment of biohazardous single-use
materials (depending upon location
within the process) and, unless a mixed
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Table 2 : Localized conditions and regulations
influence

Facility A Facility B
Massachusetts California

Electricity Source Coal/Gas Gas/Geothermal/Hydro/

Electricity Cost 0.13/KWh 0.11KWh

Boiler (steam)  Fuel Oil Gas/Co-Generation

Waste Waste-to-Energy Incineration

Manufacturing Choice Single-use Stainless

WASTEWATER TREATMENT
SYSTEMS CAN BE COSTLY TO

BUILD AND OPERATE.

MILLIPORE’S
COMMITMENT TO
ENVIRONMENTAL
STEWARDSHIP

Martin Madaus, PhD, Chairman

and CEO of Millipore noted,

“Reducing the amount of energy

and materials used while creating

less waste and emissions saves

money, helps to maintain strong

relationships with local communi-

ties, and increases employee pride

in our company. Our ongoing suc-

cess requires that we address and

minimize the impacts we have on

the environment, without impac-

ting our products’ performance.”
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Recyclable totes and increased number
of boxes that fit on a pallet also would
reduce the amount of packaging and the
number of shipments.
The shift in technology from durable
stainless steel vessels and process
piping to disposable systems provides
improved flexibility and cycle time, and
reduces aqueous wastes, water and
energy. However, such systems increase
solid waste generation, thus driving the
disposal of large quantity of plastics.
But is cost (including cost of quality and

flexibility) mutually exclusive from envi-
ronmental responsibility? “If you use
more resources, your costs will increase.
If you can maintain the same level of
resource use, your costs may stay flat
and you’ll be more competitive” says
Millipore’s Jean-Paul Mangeolle,
President Bioprocess Division.
In order to improve environmental sus-
tainability, manufacturers using disposa-
ble components should look at impact
across all product lifecycle phases, inclu-
ding efficiency of HVAC, WFI/RO, steam,
wastewater, and compressed air sys-
tems.  Also, the route of solid waste dis-
posal is critical to the total lifecycle
impact, and may offer additional oppor-
tunities as technologies develop. ■

resin stream demand exists, separation
of layers before disposal—a combina-
tion that makes recycling economically
undesirable.
Landfilling – Either with or without pre-
treatment, landfilling is a less preferable
route, due to contingent liability risk,
increasing bans on land disposal, (6) and
space constraints. An often ignored
impact is that landfill gas, which is relea-
sed during decomposition of organic
materials, contains 54% CH4 and there-
fore has 23 times higher global warming
potential as CO2, liberated during incine-
ration.(7)
Incineration – Incineration with energy
recovery (or “Waste-to-Energy” (WTE)) is
a preferable option that uses the latent
heat of the carbon-based product to
create steam for local heating and/or
electricity. Incineration of mixed plastics
provides more heat per pound than coal
(8). Historically known as a source of air-
borne mercury and dioxin/furan produc-
tion, WTE has now become one of the
cleanest high-temperature processes
available, following passage of
Maximum Achievable Control
Technology (MACT) standards in the US
and improvement in emissions abate-
ment. Large US WTE plants (about 89% of
total US capacity) decreased emissions
from 4260 to 12 grams toxic equivalent
(TEQ) between 1990 and 2000, well below
EU standards. Mercury emissions also
dropped during this period due to impro-
vements in incinerator filtration and
baghouse technology. (9) That said, WTE
is not always available. 66% of WTE in
the US is located on the East Coast. WTE
capacity per capita in Singapore and
Japan are two to three times US capacity;
parts of Europe are even higher. (10)

Opportunities in other lifecycle
phases

Aside from using WTE, opportunities
may lie upstream of manufacturing in
product design. Homogenous or separa-
ble materials (in disposable filters, for
example) could increase the feasibility of
recycling. Use of renewable energy in
manufacturing phases and minimized
energy and waste in logistics are small
but valuable steps to reducing lifecycle
impacts. Through partnering between
biopharmaceutical firms with their com-
ponent suppliers, progress may be made
on packaging. Some examples of the
opportunities would be moving towards
bulk packaged components versus indi-
vidually packaged and implementing
more recycled and recyclable materials.

THE ENVIRONMENTAL
ADVANTAGES OF SINGLE-USE
AND DISPOSABLE
EQUIPMENT ARE STILL IN
THEIR INFANCY STAGE.
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