
Scientists are increasingly exploiting the ability of microbes to clean up 
environmental pollution. Ajay Sharman and Cliff Burton describe the development 
of a novel bioremediation system to treat waste solvent in the footwear industry.
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● Microbiology needs bioprocess
engineering
The enormous diversity and capabilities of micro-
organisms to degrade and to transform a wide range of
pollutants in nature, whether organic or inorganic is well
known. There are also considerable efforts being
undertaken globally to elucidate metabolic pathways,
improve substrate turnover and generally speed up and
expand the capacities of microbial biotechnology. It
turns out that the drivers to move this established science
into the marketplace are not primarily microbiological,
but a combination of engineering and economics, the
latter being driven at least in part by changes in
environmental legislation.

Environmental biotechnology has steadily become a
recognized and crucial discipline in the fight against
pollution, whether applied to pollution in air, land or
water. It has consistently shown in principle that it offers
technical advantages and cost benefits, but in practice
has delivered only a fraction of its potential. There 
have been many barriers to the commercialization of
environmental biotechnology applications which
include:

Research barriers – difficult recalcitrant organic 
and inorganic molecules, pH, high temperatures,
metal toxicity;

Regulatory barriers – regulations dictate the economics,
encouraging uptake of cost-effective technologies;

New technology barriers – environmental biotechnology
applications are regarded as ‘new’ technology,
untested and innovative with a degree of risk.

Commercial markets are dominated by physical and
chemical approaches and one of the more important

barriers to the successful implementation of technically
proven bioprocesses is ensuring adequate and robust
bioprocess engineering. The sequence of conceiving 
a new bioprocess, developing a consortium of micro-
organisms capable of pollutant biodegradation,
developing an efficient operation in which to install the
consortium for maximum activity and all the while
having to meet marketing timetables and budget
constraints is always stimulating and holds a number of
surprises. There are periods of excitement and pressure 
in the achievement of bringing a new bioprocess to full-
scale, on-stream and operation. This was very much the
case in the development, design and full-scale build by
Viridian EHC Ltd (‘Viridian’) of a novel patented
technology, BIOVOX®, to treat hazardous volatile
organic compound (VOC) emissions.

● VOCs – the legislative driver 
There is worldwide interest concerning the pollution
potential arising from the use of solvents in industry.
Traditionally those concerns have directed attention 
to odour issues by the general public around users’
premises. Whilst this continues to be important, the air
pollution debate has focused much greater attention on
the emission of VOCs specifically. The potential health
effects of VOC emissions, although of enormous concern,
have arguably been superseded by the debate of the rôle
of VOCs in tropospheric ozone depletion.

The emission of VOCs is generally controlled by
national legislation (UK), an EU Directive (1998) and
the United Nations Economic Commission for Europe
(UNECE) VOC protocol. The EU approach is to meet air
quality standards through a combination of proposed and
adopted Directives which include measures on power
generation and transport as well as the Solvent Emissions
Directive (SED). The most significant of these are the
Integrated Pollution Prevention and Control (IPPC)
Directive and the Auto/Oil programme. In December
1999 a new international protocol to cut levels of air
pollution across Europe and North America over the 
next 10 years was signed in Gothenburg, Sweden. The
agreement is designed to achieve reduction in four
atmospheric pollutants, including VOCs, by 2010. The
total anthropogenic VOC emission in the UK alone is
estimated at close to 3 million tonnes annually. In 
June 1998 in the UK, companies using solvent in excess
of the permitted quantities were required to meet 
an emission limit of either 50 mg C m–3 (using
approximately 15 tonnes per year) or 150 mg C m–3

(using approximately 5–15 tonnes per year), or to
comply with stringent industry sector-specific mass-
emission control regimes.

● BIOVOX® – the development phase
Viridian, an environmental biotechnology company
specializing in the treatment of polluted air, land and
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water, developed a novel biological treatment system 
for the destruction of VOCs in air emissions. Biological
off-gas treatment is generally based on the absorption 
of the VOC in the waste gases into the aqueous phase
followed by direct oxidation by a wide range of voracious
bacteria, which include Nocardia spp. and Xanthomonas
spp. A number of generic biotreatment systems exist,
namely biofilters, biotrickling filters and bioscrubbers –
the application and selection of which depends on the
solubility of the VOC components.

A project partly co-funded by the BOC Foundation for
the Environment and the Department of Trade and
Industry (DTI) [under the Biotechnology Means
Business (BMB) Initiative] was proposed and technically
managed by Viridian. The project was aimed at solvent-
using companies for two reasons: (a) to implement a
biotechnological solution to overcome legislative
pressure on solvent emissions; and (b) to improve the
overall competitiveness of the companies’ problems by
securing a more cost-effective solution to environmental
air emission. The footwear industry was recognized as a
major user of solvents and as a consequence the SATRA
Technology Centre, Kettering, the largest independent
research and technology organization in the world, was
approached. SATRA is supported by member companies
associated with the UK footwear industry and addresses
concerns over solvent emissions and general environ-
mental issues.

Viridian conceived a novel approach to waste solvent
emissions from off-gases and, as part of a 14-month
development phase, had four key objectives to fulfil:

■ Engineering review and laboratory study;

■ Footwear manufacturing site location and initial 
VOC monitoring;

■ Pilot-scale demonstration on-site;

■ Full technical and economic assessment.

After detailed and extensive evaluation, design and
development studies at Viridian, an innovative bio-
treatment configuration (now known as BIOVOX®) was
developed. Patents have been filed for the technology.
The system is a hybrid technology combining the
benefits of both biotrickling filters and biofilter

technologies but is novel in design and operation: 
in essence it mineralizes the VOCs completely. The
consortium of micro-organisms rapidly biodegrades
marginally water-soluble solvents at ambient
temperature and neutral pH. Within the system, the
consortium grows as an active biofilm on a mixed media
support through which the solvent vapour is circulated.
An inert medium was found to be highly effective in (a)
providing a high surface area to allow effective contact
between the vapour phase and the liquid phase, as liquid
is recirculated within the reactor to solubilize solvents
from the contaminated inlet gas, and (b) safe, non-toxic
support for the active biofilm. Water and nutrients are
uniformly sprayed across the active biofilm (Fig. 1).

Following the success of the laboratory phase and 
after securing an appropriate location for a pilot-scale

Fig. 4.VOC removal during ethyl acetate peak load
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Fig. 2. A pilot-scale BIOVOX®

system at R. Griggs and Company
Ltd, Wellingborough.
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Fig. 3. Inlet (■) and outlet (■) VOC concentrations after commissioning



MICROBIOLOGYTODAY VOL 27/FEB0020

demonstration unit, an 8 m3 demonstration system was
constructed and commissioned. The unit was built at the
R. Griggs and Company Ltd site at Wellingborough,
manufacturers of the well-known ‘Dr Martens’ brand 
of footwear. The system (Fig. 2) was commissioned to
treat between 200 and 900 m3 off-gases h–1 containing
methyl ethyl ketone, toluene and acetone. A skid-
mounted pilot plant was sited on a 12 m2 area adjacent 
to the factory. Engineering support for the construction
of the unit was undertaken by Camfil Ltd, based on
Viridian’s design.

The VOC concentrations of the inlet and outlet of the
BIOVOX® demonstration unit were monitored using
flame ionization detection (FID). Over a 168-day period
the outlet concentration of VOC was reduced from a 
level of 300 mg C m–3 to less than 50 mg C m–3 (Fig. 3).
Furthermore, the system was challenged with peak load
tests and spikes of other solvents to test the flexibility,
capacity and capability of this biotreatment approach
(Fig. 4).

A weakness of bioprocesses, as perceived by industry, is
the inability of micro-organisms to handle fluctuations
in carbon loading and potential ‘spike’ concentrations 
of other solvent types, many of which occur when
manufacturing operations in the footwear industry are
changed for the production and finishing of other
products. The consortium was found to be highly
tolerant in handling fluctuations and changes to the
nature of the solvents as demonstrated by the on-site
facility.

● Commercial realization 
As a consequence of the successful demonstration of the
VOC abatement technology, a full-scale BIOVOX®

system was commissioned at the site treating a flow rate
of over 16,000 m3 solvent laden air h–1 at an average
concentration and range of 200–300 mg C m–3 (Fig. 5).
A 30% saving on capital costs and an overall 60% 
saving on operating costs, added to the successful
demonstration has made the technology very cost-
effective. The system is now attracting considerable
attention from a number of commercial sectors using
solvents, including the printing, painting, furniture 
and laminating industries. Further pilot-scale units 
have been tested and Viridian are building a number of
full-scale units. Environmental biotechnology and the
BIOVOX® approach are now offering industry new,
robust, engineering solutions to tackle air pollution
issues.

There is limited value in enhancing the rates of
microbially mediated reactions if the overall bioprocess
is controlled by physical issues. Clearly, detailed
consideration of microbial physiology by process
engineers is essential and it is only by truly integrating
the wide expertise of other relevant disciplines that
workable, commercially viable environmental biotech-
nological strategies and processes will succeed. Progress
in the microbial sciences sensu stricto is not necessarily
what is needed to exploit the new opportunities that
are being presented by changes in the legislative
regulatory framework: a cross-discipline approach
merging traditional engineering with microbiology and
economics seems to be the way to go.

● Dr Ajay Sharman is Technical Director 
of Viridian EHC Ltd, 114–116 John Wilson
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Kent CT5 3QT
Tel. 01227 770505; Fax 01227 770123
e-mail a-sharman@ibs-viridian.co.uk
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of Viridian EHC Ltd
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Fig. 5. A full-scale BIOVOX®

system at R. Griggs and Company
Ltd, Wellingborough.
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