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1 Introduction 
This guidance addresses the manufacturing of pharmaceutical products, 
presenting options to substitute or reduce the use of VOC and its resulting 
emissions. 

 
Table 1: Scope definition of the VOC Solvent Emissions Directive (SE Directive) 

SE Directive – Scope definitions (Annex I) 
The activity ‘manufacturing of pharmaceutical products’ is defined as synthesis, 
fermentation, extraction, formulation and finishing of pharmaceutical products 
and where carried out at the same site, the manufacture of intermediate 
products. The SE Directive covers installations in which this activity is taking 
place with an annual organic solvent consumption greater than 50 t. 

 

This activity covers primary pharmaceutical production and activities 
related to the formulation and finishing of pharmaceutical products 
(secondary pharmaceutical production). Primary pharmaceutical 
production includes production of bulk pharmaceuticals, drug 
intermediates and active pharmaceutical ingredients (API) by means of 
synthesis, fermentation and extraction. Examples of activities related to 
formulation and finishing include physical formulation, tablet coating and 
filling. 

The SE Directive lays down the following activity specific emission limit 
values for manufacture of pharmaceuticals: 

 
Table 2: Emission limit values of the SE Directive  

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 20) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste gases 
[mg C/Nm³] 

Fugitive 
emission 

values 
[% of solvent 

input] 

Total ELVs 
[% of solvent 

input] 

manufacturi
ng of 
pharmaceut
ical 
products 

> 50 20* 

New 
installations: 
5%** 
Existing 
installations: 
15%** 

New 
installations: 5%  
Existing 
installations: 
15%  

Special provisions: 
* If techniques are used which allow reuse of recovered solvent, the emission limit 
value in waste gases shall be 150 mg C/Nm³. 
** The fugitive emission value does not include solvent sold as a part of products 
or preparations in a sealed container. 

 

THE SE 
DIRECTIVE 
APPLIES TO THE 
PRODUCTION OF 
PHARMACEUTIC
ALS IF A 
SOLVENT 
CONSUMPTION 
OF 50 TONNES 
PER YEAR IS  
EXCEEDED 
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Instead of complying with the above ELVs, operators may choose to use 
a reduction scheme, following the specifications of Annex II (B) of the SE 
Directive.  

Specific requirements apply for VOCs classified as CMR substances1as 
well as for halogenated VOCs that are assigned the risk phrases R40 or 
R682. There is a general obligation to replace CMR substances– as far as 
possible – by less harmful substances or preparations within the shortest 
possible time.  In the case of a mass flow ≥10 g/h for VOC classified as 
CMR substances or ≥100 g/h for halogenated3 VOC with R40 the ELVs in 
waste gases are 2 and 20 mg/Nm³ respectively, and these also apply 
when a reduction scheme is being used. 

National legislation may define lower thresholds for solvent consumption, 
stricter ELVs or additional requirements. 

 

2 Summary of VOC substitution/reduction 
VOCs are emitted by many of the diverse processes, such as syntheses, 
fermentation and extraction, used in primary pharmaceutical production. 
In secondary pharmaceutical production VOC emissions arise from mixing 
or granulation processes, tablet coating and filling of liquid preparations. 

Abatement technologies are the most cost effective means of reducing 
VOC emissions from existing pharmaceutical manufacturing. Solvent 
recovery by condensation, absorption and adsorption can be used for 
waste streams with high VOC loads or valuable solvents. Thermal 
oxidation (regenerative, recuperative or catalytic) is needed when a broad 
range of different solvents is present and/or there is a low to medium load 
of solvent in the waste gas stream. Biological scrubbers are most effective 
for high volume waste gas emissions with a low VOC load. 

Solvent free or reduced solvent production processes should be 
considered for processes that are still at the development stage - when 
process modification is possible. The assessment of new compounds 
should include a review of alternative solvents for processes as standard. 

Aqueous products are available that are suitable for the equipment 
cleaning systems used in a broad range of applications.  

Improved equipment, air extraction, and end-of-pipe abatement 
technology can be used to reduce the fugitive VOC emissions that result 
from the handling, storage and mixing of solvents.  
 
 
 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
2 After the implementation of the SE Directive a revision of the R-phrase R40 took place. The original 
wording of R40 was: ‘Possible risk of irreversible effects’. The new wording is: ‘Limited evidence of a 
carcinogenic effect’. In the ‘old’ version mutagenity (cat 3) was included. This mutagenic effect is now 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. 
Until the SE Directive is adapted to this change, a final decision on which version applies can only be 
given by the European Court 
3 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: 
fluorine, chlorine (e.g. trichloroethylene), bromine (e.g. n-propyl bromide) or iodine. 

ABATEMENT 
TECHNOLOGIES 
ARE THE MOST 
IMPORTANT 
VOC REDUCING 
MEASURES IN 
THE 
PHARMACEUTIC
AL INDUSTRY 
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3 Description of the activity and related 
industry sectors 

The European pharmaceutical sector comprises more than 2,200 
companies (separate legal entities) [EFPIA 2008] whose activities range 
from R&D to manufacturing and marketing. The industry structure varies 
from country to country, reflecting differing medical traditions, intellectual 
property protection standards and industrial policies. In 2006, the 
pharmaceutical production was worth an estimated € 190 billion4 [EFPIA 
2008].  

Approximately 730 installations were registered and authorised under the 
SE Directive in the period from 1999 – 2003 as manufacturing 
pharmaceutical products in EU 15 [Implementation 2006].  

The pharmaceuticals sector is composed, predominantly, of very big 
companies with various production sites and a large number of different 
products. Nevertheless there are also numerous small and medium sized 
companies that specialise in the production of specific products.  

A very large number of different pharmaceutical products are made using 
a wide range of different production processes. Although the principle of 
these processes (e.g. chemical synthesis) may be more or less the same, 
each pharmaceutical product has its own production parameters, 
conditions, catalyst requirements, temperature, pressure, solvents, etc. 

 

4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

VOC emissions occur during different processes and stages of the 
manufacture of pharmaceuticals. During primary manufacturing, 
emissions may arise from extraction, chemical synthesis, and 
fermentation processes. Fugitive emissions can arise as a result of 
leakage from reactors, storage vessels, dryers and distillation units as 
well as from valves, tanks, pumps, and other related equipment (e.g. 
centrifuges) of the production process. Cleaning of reactors and 
associated equipment with solvents can also lead to VOC releases.  

Sources of VOC in the secondary pharmaceutical manufacturing stage 
may include: storage of ingredients, mixing and blending, compounding, 
granulation, formulation, drying, tablet manufacture (pressing and 
coating), production of liquid and aerosol preparations. As with primary 
production, point and diffuse sources of emission have to be taken into 
consideration.  

The following flow charts illustrate, in a simplified way, production 
processes and corresponding VOC emission sources for the following 
processes in the pharmaceutical industry: extraction of the active 
pharmaceutical ingredient, fermentation process, synthesis process and 
compounding and formulation: 
 
 
 
4 EU 27, Norway and Switzerland 

                                                 
 

THE PRIMARY  
PHARMACEUTICAL 
MANUFACTURING 
INCLUDES THE 
PRODUCTION OF 
THE ACTIVE 
PHARMACEUTICAL 
INGREDIENTS 
(API) 
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Figure 1: Possible VOC emission sources from extraction processes in 
the pharmaceutical industry (simplified process flow diagram) 
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Figure 2: Possible VOC emission sources from fermentation processes 

in the pharmaceutical industry (simplified process flow diagram) 
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Figure 3: Possible VOC emission sources from chemical synthesis 

processes in the pharmaceutical industry (simplified process 
flow diagram) 
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Figure 4: Possible VOC emission sources from tablet formulation and 

coating (simplified process flow diagram) 

 

The average VOC emission from primary manufacturing processes is 
between 1 and 5% of the organic solvent used. VOC emissions arising 
from secondary manufacturing processes are between 4-10% of the 
amount of solvent used [company information]. There are legal 
restrictions on the residual organic solvent content5 in finished products 
(European Pharmacopoeia6). 

. 

4.2 Process description 

The pharmaceutical industry uses VOCs as solvents in a wide range of 
processes. The following paragraphs provide a general overview of 
processes, covered by the SE Directive, where solvents are used for the 
production of pharmaceutical products. These are:  
 
5 organic volatile impurities (OVI’s) 
6  http://www.edqm.eu/ 
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Synthesis 
 

Most active pharmaceutical ingredients (APIs) are created by chemical 
synthesis and organic solvents are often used to dissolve the components 
or to act as the reaction medium.   

The various types of apparatus and equipment used for synthesis include 
reactors, condensers, crystallizers, centrifuges and distillation columns. 
The great variety of chemical synthesis processes requires a wide range 
of different solvents like acetone, ethanol, toluene, isopropanol, 
methylene chloride. 

 

Fermentation 
The pharmaceutical fermentation process includes the production and 
separation of medical chemicals such as antibiotics and vitamins from 
microorganisms. Organic solvents are used for the extraction of the API 
(e.g. penicillin). The fermentation process takes place in fermentation 
vessels that are often specifically designed for the process.  

Industrial fermentation processes can be divided into two main types - 
batch fermentation and continuous fermentation - with various 
combinations and modifications.  

 

Extraction 
Extraction is used to separate organic chemicals from vegetative 
materials or animal tissue in order to manufacture botanical and biological 
products.  

Extraction can take a variety of forms and, for a particular active 
ingredient, the type and quantity of organic solvent used is prescribed in 
specific pharmaceutical manuals or guidebooks (e.g. GMP7 or cGMP8). 
After several purification steps the extracted component may be dried e.g. 
in a vacuum dryer to remove the solvent.  

Typical solvents used are ethanol, methanol, toluene or heptane and the 
process takes place in a distillation unit. Since, in many cases, single 
solvent systems are used, it is often possible to recover and re-use the 
solvent. The efficiency of the recovery step depends on the solvent and its 
volatility. 

 

Drying 
Drying is an important process, in the production and finishing of 
pharmaceutical products, whereby solvent content is reduced to a defined 
maximum residual level. Drying techniques typically used are: tumble, 
vacuum or freeze-drying, spray drying, fluidized bed dryers, and 
microwave or infrared heating.  
 
7 Good manufacturing practice (GMP). To ensure that medicinal products are consistently produced 
and controlled against the quality standards appropriate to their intended use, the European Union 
has set quality standards known as Good Manufacturing Practice (COMMISSION DIRECTIVE 
2003/94/EC laying down the principles and guidelines of good manufacturing practice in respect of 
medicinal products for human use and investigational medicinal products for human use) 
(http://ec.europa.eu/enterprise/pharmaceuticals/eudralex/vol4_en.htm. . 
8 Current good manufacturing practice, The U.S. pharmaceutical product regulations are called 
"current" Good Manufacturing regulations or "cGMP". 

FOR THE 
CHEMICAL 
SYNTHESIS 
PROCESSES A 
WIDE RANGE OF 
DIFFERENT 
ORGANIC 
SOLVENTS ARE IN 
USE 

SOLVENTS USED 
FOR EXTRACTION 
PROCESSES ARE 
OFTEN 
RECOVERED AND 
REUSED 
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Mixing 
Organic solvents are used both as active ingredients in the final product 
(e.g. liquid preparations) and as auxiliary compounds in the mixing 
process. If used as an auxiliary compound the solvents have to be 
removed by drying. Solvents with the function of an active ingredient are 
not covered by the SE Directive but possible emissions occurring during 
the mixing. 

 

Granulation 
Granulation is the process of producing particles (grains) of the desired 
size, concentration, and physical properties for compression.  Different 
technologies – batch and continuous systems – are used; fluid bed 
systems are often used for spray granulation and agglomeration 
processes; vertical granulators might be used for wet granulation.  

Organic solvents are occasionally used as moistening agents as part of 
the process.  

 

Tablet coating 
Tablet coating, either as a batch or a continuous process, takes place at 
the end of the manufacturing process. While the majority of tablets are 
coated for cosmetic reasons or for brand identification they also have 
specialised functions - such as enteric coating, moisture protective 
coating, coating for controlled release, flavour coating, taste mask 
coating, etc. Modern tablet film coaters, typically, are closed rotating 
drums in which the tablets are suspended in a hot-air fluidized bed. The 
hot air dries the atomised coating as it is sprayed onto the tablet.  
Fluidized bed coaters can also be used for continuous tablet coating.   

Examples of organic solvents used are isopropanol (2-propanol), 
dichloromethane (DCM, methylene chloride), acetone, and ethanol. 
Besides organic solvents, aqueous systems and hydro-alcoholic solvents 
(e.g. water/ethanol) are also used.   

Besides film coatings also sugar coatings are used as protective and/or 
cosmetic layer for tablets. Sugar coatings are water soluble and contain 
no solvents. Compared to film coating, sugar coating is more time 
consuming and the weight of the tablets increases significantly (up to 
50%). 

 
Production of liquid preparations 
The active ingredients of liquid preparations are firstly dissolved then 
adjusted to the required concentration for subsequent filling. During the 
preparation and filling of liquids some evaporation of organic solvents that 
are part of the product may occur. 

  

TABLET COATING 
IS A PROCESS OF 
THE SECONDARY 
PHARMACEUTICAL 
PRODUCTION 
WHERE SOLVENTS 
ARE STILL 
REQUIRED FOR 
SPECIFIC 
APPLICATIONS 
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Cleaning of equipment 
Residue-free surfaces are very important in the production of 
pharmaceuticals and any cleaning agents used must be capable of 
ensuring that legally prescribed minimum residue levels are achieved.  

Pharmaceutical companies undertake the following cleaning activities:  

- Manual cleaning with or without mechanical assistance 

- Semi-automatic cleaning processes 

- Automatic processes in washers 

Fully automated cleaning processes with integrated CIP (Cleaning in 
place) systems may be used.  

Organic solvents are often used to remove organic chemical residues 
from production equipment.  

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

In a typical pharmaceutical/fine (non-polymer) batch chemical operation, 
organic solvent use consistently accounts for 80-90% of mass utilisation 
[Constable 2007]. They are used to provide the medium in which the 
reaction takes place, to separate the desired chemical products from 
unwanted ones and to maximize the purity of the drug. [ESIG] 

Overall more than 40 different solvents are in use in pharmaceutical 
production: 

 
• Alcohols (ethanol, methanol, isopropanol, isobutanol) 

• Ketones (acetone, methyl isobutyl ketone (MIBK, 4-methyl-2-
pentanone), methyl ethyl ketone (MEK, 2-butanone)) 

• Alkanes (hexane, heptane, cyclohexane, 2,2,4-trimethylpentane 
(isooctan)) 

• Aromatics (toluene, xylene)  

• Polar aprotics (N,N-dimethylacetamide (DMA), acetonitrile, N,N-
dimethylformamide (DMF), dimethylsulfoxide, 1,4-dioxan, N-
methylpyrrolidon, ethylene glycol dimethyl ether, diethylene glycol 
dimethyl ether, triethylene glycol dimethyl ether) 

• Esters (butyl acetate, ethyl acetate, isopropyl acetate) 

• Ethers (tetrahydrofuran (THF), methyl-tert-butylether (MTBE)) 

• Chlorinated hydrocarbons (chloromethane, dichloromethane, 
trichloromethane (chloroform), 1,2-dichloroethane) 

FOR THE 
PERFORMANCE OF 
THE DIFFERENT 
PROCESSES IN THE 
PHARMACEUTICAL 
PRODUCTION  
NUMEROUS  
DIFFERENT  
SOLVENTS ARE 
APPLIED 
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Which solvents are used depends on the production process parameters 
to be met. For most processes the type and quantity of solvent are 
defined in pharmaceutical manuals (e.g. GMP) in order to achieve an end 
product of a required quality (e.g. in the case of an extraction, a change of 
solvent might result in different extraction products.) 

Methanol is the most widely used cleaning solvent but others that are 
commonly used include acetone, dimethyl formamide, and ethyl acetate. 
In many synthesis processes, to avoid contamination, the solvent that is 
used for the production is also used for the cleaning of the equipment.  

5.2 Solvent consumption and emission levels 

The total consumption of solvents by the pharmaceutical sector is 
growing: the European market shows a steady increase in demand year 
after year. [ESIG] The current demand for solvent in the pharmaceutical 
industry is about 9 % (~ 400 kt) of the total solvent consumption in Europe 
[ESIG]. For 2000, the NMVOC9 emissions were estimated to be 54.2 kt 
representing ~ 0.5% of the total NMVOC emission at an EU 25 level. 
[EGTEI 2005b]. 

5.3 Key environmental and health issues 

In the production of pharmaceuticals a broad range of different solvents 
are used for a range of processes e.g. synthesis, extraction, tablet 
coating.  

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 
Existing occupational workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 
 the storage of the solvents 

 the primary pharmaceutical production (e.g. extraction, syntheses, 
fermentation) 

 the secondary pharmaceutical production (granulation, drying, tablet-
coating) 

 cleaning operations in the primary and secondary pharmaceutical 
production 

Spills and leaks from storage areas may result in emissions to soil and 
groundwater. 

In the primary pharmaceutical production (mainly for the synthesis 
process) the halogenated solvents 1,2-dichloroethane, chloromethane, 
dichloromethane and trichloromethane are of special concern. The 
solvent 1,2-dichloroethane is classified as CMR substance category 2 
(R45, may cause cancer). There is some limited evidence that 
chloromethane, dichloromethane and trichloromethane (chloroform) have 
carcinogenic effects (classification as R40 substances). 

In addition chloromethane and trichloromethane might cause serious 
damage to health by prolonged exposure through inhalation.  

9 Non-methane VOC 

THE TOTAL  
SOLVENT 
CONSUMPTION OF 
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6 VOC Substitution 
The following sections describe potential substitutes for VOC (using VOC-
free and VOC-reduced systems). The sections describe associated 
application technologies and/or special conditions as well as advantages 
and disadvantages compared to systems that use solvents with a high 
VOC content. 

The manufacture of pharmaceuticals is a highly controlled process. 
Process modification after the development and authorisation of a new 
product are not or only to a very limited extent possible. Therefore it is 
essential that already during the development phase of new products the 
possible VOC-free or VOC-reduced alternatives receive the necessary 
attention. 

 

6.1 VOC-free systems 

In this section alternatives are described where the currently used VOC 
products are completely replaced by VOC-free products or systems. 

 

6.1.1 Change of solvents or processes (VOC free processes) 

The primary production of pharmaceuticals covers a wide range of 
different processes, solvents and process conditions. 

The manufacturing process parameters and special conditions for a 
particular active ingredient or product are prescribed in specific 
pharmaceutical manuals or guidebooks (GMP10 or within other manuals). 
The quality and purity of the product will depend on the type and amount 
of solvent that is used.  

Recently, however, there has been increased effort in the development of 
new or improved extraction and synthesis processes designed to avoid 
the use of organic solvents. Solvent selection guides are available to 
assist manufacturers in the selection of VOC free/low solvents or less 
harmful solvents (see section 4.1.3 of [BREF 2006 OFC]) and in the 
technical literature there are references to a wide range of alternative 
processes (e.g. solvent free synthesis129).  

Supercritical carbon dioxide is widely used as an alternative to 
conventional solvents in numerous applications, such as: extraction and 
purification of specialty chemicals and useful natural products. It is also 
increasingly being used as a solvent for synthetic processes [Green 
Chemistry 2008]. The main advantages of supercritical CO2 are that it is 
non-toxic, non-flammable, recyclable and cheaper than conventional 
solvents. Supercritical CO2 is in particular suitable for the extraction of 
non-polar substances. Polar substances as well as high molecular 
substances have bad dissolving properties in CO2. For these substances 
the addition of co-solvents (e.g. VOCs) is necessary. [Uhde 2008] 

For existing technologies the substitution of organic solvents is limited by 
technological process requirements, patents and – in particular – 
authorizations for pharmaceutical products. Therefore substitution 
possibilities have to be evaluated with care and on a case-by-case basis.  

THE SELECTION OF 
THE SOLVENTS 
USED DURING THE 
MANUFACTURING 
PROCESS IS 
DETERMINED BY 
THE AUTHORIZED 
PROCESS 
DESCRIPTIONS 

SUPERCRITICAL 
CO2 IS NOT 
SUITABLE FOR 
POLAR AND HIGH 
MOLECULAR 
SUBSTANCES 
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The selection and evaluation of the solvent to be used takes place during 
the research and development stage of new technologies. Therefore 
attention should be focused, at that early stage, on the selection of VOC-
free or low VOC containing solvents in order to avoid VOC emissions in 
the future. For example enzymatic syntheses in an aqueous solution 
might substitute for chemical syntheses using organic solvents. 

 

6.1.2 Use of aqueous cleaning systems 

Drivers for shifting from solvent based cleaning systems to aqueous 
cleaning for API manufacturing include: the relatively high cost of solvent, 
difficulties associated with storage and disposal; increasing regulatory 
pressure; inefficiency and often ineffectiveness of the solvent-based 
processes; and overall process economics. [Goliath]  

The selection of the most appropriate cleaning process depends on the 
specific process manufacturing parameters used. In many instances a 
conversion from solvent-based to aqueous-based cleaning is feasible 
provided there has been appropriate investment in equipment 
modifications and attention has been given to the details of cleaning 
process design and validation. [Goliath], [Borer 2008] 

Aqueous cleaning systems are most effective as CIP (Cleaning-in-place) 
technology. CIP is a system designed for automatic cleaning without 
major disassembly and assembly work of the parts which have to be 
cleaned (e.g. vessels). The cleaning system is already part of the 
equipment. As many installations are not equipped with these specific 
cleaning facilities a change from solvent-based systems to water-based 
systems is often linked with high investment costs. On the other hand the 
cleaning time of water-based systems is significantly shorter than for 
solvent-based products. Thus – particularly in case of batch processes – 
the downtime can be reduced significantly. [Borer 2008] 

For the tablet processing and coating process also aqueous-based 
systems are available. For example in case of a product change, the 
various stamps of a tablet press have to be cleaned. For this activity 
specific washing machines exist which carry out the cleaning with water-
based products [Borer 2008].  

A comprehensive review article, published by [Verghese 2003], describes 
current cleaning practices and the issues to be considered. It also 
describes users’ experiences of switching from solvent cleaning to 
aqueous cleaning for API manufacturing.  

 

6.1.3 Solvent less film coating of tablets 

The use of solvent-free coating systems for tablet coating is steadily 
increasing. The selection of the coating system depends on the properties 
of the tablets that have to be coated. The most common alternatives to 
solvent-based systems are aqueous systems.  

However, aqueous systems cannot be applied to all tablets due to 
possible interactions with the tablet ingredients, e.g. heat and water might 
degrade certain active ingredients. In addition, the coating dispersions 
must be demonstrated to be capable of controlling microbial growth.  

CUSTOMIZED VOC 
FREE CLEANING 
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The main advantages of aqueous systems are that they contain no 
solvents and so no VOC control measures are required. Aqueous 
systems are generally becoming cheaper than solvent-based systems 
because the price of solvents is linked to oil prices. 

Besides aqueous systems, the following different coating techniques are 
in use: 

 
 Powder coating 

 Hot-melt coating 

 Supercritical fluid spray coating (CO2) 

Similarly to the aqueous coating, the suitability of these systems depends 
on specific requirements on the coating and the tablets.  

 

7 Other VOC emission prevention measures 
and abatement techniques  

Preventive measures, process improvements and abatement techniques 
can be used to reduce VOC emissions if VOC substitution as described in 
section 6 is not possible. The following measures are commonly applied 
for the pharmaceutical sector: 

7.1 Abatement  

As a result of the diversity of processes and different types and amounts 
of VOC emissions arising, process improvements and abatement 
techniques are of major importance in the pharmaceutical industry. The 
selection of suitable abatement measures depends more on process 
parameters, such as flow rate, concentration and constancy of the same 
than the economic cost of a particular measure and/or approach. 

In many cases a combination of different abatement measures offers the 
best solution for a pharmaceutical production site. For VOC capture and 
recovery of valuable and re-usable solvents, condensation, absorption 
and adsorption offer the best opportunities whilst oxidation techniques 
which destroy the VOCs are commonly in use for process with varying 
solvents, concentrations or waste gas volumes. 

 

7.1.1 Condensation 

Condensation is a relatively inexpensive (except for cryogenic 
condensation with liquid nitrogen) and simple technique that is suited to 
high inlet concentrations, it enables solvents to be recovered and re-used 
[BREF LVOC]. 

Condensation of VOCs from a gas stream can be achieved either by 
increasing the pressure or, more commonly, reducing the temperature of 
the gas stream. Depending on the characteristics of the vapour, different 
types of heat exchangers can be used: refrigerated condensers (see 
section also below), scraped-surface heat exchangers or condensers in 
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series. In general indirect cooling systems should be preferred to reduce 
effluent formation.  

 

Cryogenic condensation (low temperature condensation) 
In comparison to the conventional condensation which often uses water 
as cooling agents in case of cryogenic condensation coolants like nitrogen 
are used to achieve very low temperatures (e.g. in case of nitrogen -120 
°C).  

Cryogenic condensation efficiency typically exceeds 99% and so it offers 
a very high degree of VOC emission reduction. It is also a very versatile 
process. Since the condensation process is influenced by the vapour 
pressure of the compound to be separated, adapting the condenser 
operating conditions allows handling the wide range of concentrations and 
compounds present in the pharmaceutical industry.  

For cryogenic condensation the flow rate can vary between 10 up to 3000 
m³/h. The minimum loading should be above 20 g VOC/Nm³ and the 
pressure between 20 mbar and 6 bar [BREF LVOC, PanGas, Glatt]. 
Cryogenic condensation is therefore appropriate for low flows and high 
concentrations. By varying the cooling temperature different types of 
solvents can be recovered. In comparison to alternative abatement 
technologies, cryo-condensation units are compact and they tend to be 
transportable (skid mounted). The system design minimizes moving parts, 
reducing maintenance and repair [PRAXAIR] 

In the pharmaceutical industry cryogenic condensers often use liquid 
nitrogen as the coolant (< - 196 °C). Investment costs vary from 300.000 
€ up to more than 2 million €. The technique is particularly useful for the 
recovery of chlorinated or other valuable solvents, which are frequently re-
used in the same process or other processes.   

Operational costs depend on the cooling gas used; the cost of liquid 
nitrogen is around 30-50 €cent/l. As the nitrogen does not come into 
contact with waste gas it can be used in other processes within the 
pharmaceutical production site. 

 

Re-use or recycling of solvents 
The opportunity to re-use recovered solvent for the same or another 
pharmaceutical extraction process depends on the process and the 
solvent system used. In general it is best to recover and re-use solvents in 
the same process but this is not always possible and allowed (“virgin 
solvent” requirements for some processes). For example, ethanol can 
acquire the odour of the extracted medium and so its reuse is often 
restricted. In such a case external recycling - after the recovery - is 
necessary.  

Recycling of solvents can take place either in-house or off-site. 
Installations with higher solvent consumption typically have their own 
integrated recovery and distillation equipment.  

External recycling takes place in specialised companies having their own 
recycling facilities to collect, clean and distil solvents. Recovered solvent 
can either be re-used by the company of origin or for other applications. 
Recycled solvents are often used as cleaning agents. They costs about 
one third as much as virgin solvent -depending on the quality (e.g. almost 
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no contaminants) and solvent type (e.g. very expensive solvents); 
recycling companies might even pay for the used solvents. [Remondis 
2008] 

 

7.1.2 Adsorption 

During adsorption, VOCs are removed from the gas stream and collected 
on the surface of a solid material. The most common adsorption medium 
is activated carbon (see below). A periodic regeneration of the adsorbents 
is necessary to ensure the effective functioning and recovery of the 
VOCs. Besides activated carbon, silica gel, activated alumina and 
molecular sieve zeolites may be used. [BREF LVOC]. 

 

Activated carbon filters 
The VOC-loaded air is passed through a filter containing activated carbon 
until it becomes saturated and then the activated carbon has to be 
regenerated by heating (using the desorbed VOC often as a fuel). 
Installations are typically equipped with two parallel filter systems to avoid 
downtime while one is being regenerated.  

Activated carbon filters are very effective for high flow rates with low to 
medium concentrations. The gas has to be pre-treated e.g. to preset 
temperature and humidity, to ensure an efficient operation. The recovery 
rate of activated carbon filters lies between 95 - 99.99%.  

Carbon adsorbers which cannot be regenerated are particularly used for 
treating odours and intermittent processes where total annual VOC 
emissions are less than ~ 20 tons.  

The following table lists some figures related to the operating conditions of 
activated carbon filters [BREF LVOC]: 

 
Table 3: Operating conditions of activated carbon filters [BREF LVOC] 

 Regenerative adsorption Non regenerative 
adsorption 

Flow 100 - >100,000 m³/h 10 - >1000 m3/h 

Load 0.01 – 10 g VOC/m³, 0.01 - 1.2g VOC/m3 

Pressure 1 – 20 atm  

 

7.1.3 Absorption 

In the case of absorption VOCs are removed from the gas stream, by mass 
transfer, to a scrubbing liquor (e.g. water, caustic, acid). This method is 
especially suitable for high VOC concentrations and can achieve removal 
efficiencies of up to 99%. The resulting mixture (absorbents plus VOCs) can 
be treated by distillation or degassing to recover the solvents for re-use.  
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7.2 Thermal oxidation (Regenerative / recuperative) 

Two types of thermal oxidiser to destroy VOCs are in common use, 
regenerative and recuperative. Regenerative oxidation tends to be more 
efficient than recuperative thermal oxidation as it uses the recovered 
energy to pre-heat incoming process air to oxidation temperatures (~ 800 
°C),. Consequently its operating costs are significantly lower than for 
recuperative oxidation systems. Regenerative thermal oxidation systems 
are particularly effective for process streams with low solvent loading but 
their operating costs depend highly on the efficiency of the heat 
exchanger.  

Recuperative systems are mainly used for small flow rates; at higher rates 
the systems are not cost effective.  

Regenerative thermal oxidation systems are widely used in the 
pharmaceutical industry because they are relatively insensitive to the 
composition and the concentration of the solvents in the process air. 
Thermal oxidation systems are used for VOC concentrations between 1-
20 g/Nm³. Thermal oxidation efficiency rates of up to 99.9% are possible.  

Thermal oxidation systems use the calorific content of the effluent stream 
VOCs, therefore after a warm up phase no additional fuel is needed for 
the oxidation process. The minimum VOC concentration for an 
autothermic oxidation process is 1-2 g VOC/Nm³.  

 

7.3 Catalytic oxidation (CO) 

Catalytic oxidation is also suitable for use in the pharmaceutical industry. 
The advantage of the catalytic oxidation compared to thermal oxidation is 
that the oxidation takes place at lower temperatures thus energy 
consumption is lower. For the use of the catalytic oxidation the following 
conditions have to be in place:  

 
 well-defined solvent content and composition 

 low flow rates 

 free from catalyst poisons (e.g. heavy metals). 

Catalytic oxidation (e.g. using a metal oxide, precious metals) can be 
initiated at temperatures as low as 280-350 °C.  

Catalytic oxidation systems are also available with regenerative or 
recuperative technology. The regenerative catalytic oxidation has 
significant economic advantages, especially in cases of low VOC 
concentration and low flow rates.  

 

7.4 Bio-oxidation 

Bio-filtration, bio-scrubbing and bioreactors destroy VOCs by biological 
oxidation using aerobic micro-organisms supported on a substrate.  
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Biological treatment is particularly effective when there are high flow rates 
and a relatively low solvent concentration. In this case the operational 
costs are significantly lower than those of thermal oxidation.  

Bio-oxidation is appropriate for a variety of VOCs (also mixtures) e.g. 
alcohols, esters, amines, ketones, aliphatic, aromatic and to a certain 
extent also halogenated hydrocarbons. Another very important advantage 
of bio-oxidation is that odorous compounds are neutralized. 

 

7.5 Process improvements 

Fugitive VOC emissions may arise from all processes steps and process 
improvements should be made to optimise the collection (via local 
exhaust ventilation hoods) and subsequent treatment or abatement of 
vapours escaping from reactors, storage and handling areas.  

A wide range of best practices and process improvements are possible 
which aim at containing VOC emissions. The following list is not 
exhaustive:  

 
 Use of adequate spraying technology in closed systems for tablet 

coating [Schlick 2008] [Process Pharma 2006] 

 Collection of VOCs from different distributed sources using local 
exhaust ventilation hoods, for subsequent control of point and fugitive 
emissions 

 Working at greater concentration to reduce the consumption of 
solvents 

 Modification of operating conditions for distillation (e.g. distillation 
under ordinary pressure instead of vacuum distillation) 

 Improved condenser efficiency (e.g. increased exchanger surfaces and 
refrigerating capacities) 

 Using dry-sealed vacuum pumps instead of liquid ring vacuum pumps 

 Using closed pressure filters or vacuum filters that are more leak free 
than open filters 

 Using vacuum dryers with enhanced solvent condensation 

 Fitting pressure vacuum relief valves to storage tanks 

 Back venting to the delivery tanks during bulk storage tank filling  

 Improved exhaust air collection systems 

 Using closed or covered mixing systems 

 Using closed containers for the transport and intermediate storage of 
solvents 

 Using closed-loop liquid and gas collection equipment for cleaning of 
reactors and other equipment 
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 Implementing leak prevention systems 

 Better control of reaction parameters (feed rate, mixing, temperature) 

 Optimisation of process parameters 

The measures described above not only help to reduce fugitive VOC 
emissions but effective VOC extraction and control may also reduce 
emission of odours.  

 

7.6 Organisational measures 

The following operational measures are aimed at reducing VOC 
emissions:   

 
 Effective production and maintenance; 

 Reduction of the number of batches and increasing batch capacity;  

 Reduced quantity of stored solvents 

 Employee training on solvent awareness including on guidance on 
effective handling and storage  

 Thorough solvent auditing (mass balance i.e. examine solvent route). 
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8 Summary of VOC emission reduction 
measures 

The following table summarizes the VOC emission reduction measures 
discussed in chapters 6 and 7: 

 
Table 4:  Measures for VOC substitution and reduction in the 

pharmaceutical industry   

Objectives Description 

VOC-free Systems Change of solvents or processes to VOC free processes  
Use of aqueous based cleaning systems 
Use of solvent less film coating of tablets (e.g. aqueous 
systems, powder coating, hot melt coating) 
Assessment and review of possible solvents during the 
development phase 

Process  
improvements 

Re-use or recycling of recovered solvents 
Installation of exhaust air extraction systems  
Extraction of solvents from storage and handling areas 
Good maintenance of the installation  

Abatement 
technologies 

Recovery of solvents by  
- Adsorption  
- Absorption  
- Condensation (e.g. cryogenic condensation) 

Thermal oxidation (regenerative or recuperative) 
Catalytic oxidation 
Bio-oxidation 
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9 Good practice examples 
9.1 Example: Use of effective abatement technologies 

Many suppliers of abatement technology have adjusted their product 
range to the requirements of the SE Directive. Regenerative thermal 
oxidation systems are especially suitable for the pharmaceutical industry 
(e.g. tablet coating). Typical investment and operational costs are listed 
below:  

Nominal waste gas flow: 20,900 Nm³/h 

Possible concentration range: 0-12 g/Nm³ 

Investment costs: ~ 250,000 € 

Power consumption for the oxidation process (gas injection): <180 
kW 

Nominal power for the fan: 29 kW 

The operational costs are highly dependent on energy prices - the fuel 
gas required and electrical consumption. If the VOC concentration 
exceeds 1,6 g/Nm³, no additional fuel gas is required to maintain the 
oxidation process and the remaining operating costs of the installation 
depend only on the power consumption of the fan (29 kW) 

[CTP 2008] 

 

10 Emerging techniques and substitutes 
under development 

New production possibilities using biotechnology offer a broad range of 
new VOC free processes.  

New technologies, like photo curable pharmaceuticals, are under 
investigation for tablet coating [Bose 2006]. 
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