
 

ANNEX II 

Control measures for emissions of volatile organic compounds 
(VOCs) from stationary sources 

I. MAJOR SOURCES OF VOC EMISSIONS FROM STATIONARY SOURCES 
II. GENERAL OPTIONS FOR VOC-EMISSION REDUCTION 
III. CONTROL TECHNIQUES 
IV. SECTORS 
V. PRODUCTS 

Introduction 

1.  The aim of this annex is to provide the Parties to the Convention with guidance in 
identifying best available technologies to enable them to meet the obligations of the Protocol. 

2.  Information regarding emission performance and costs is based on official 
documentation of the Executive Body and its subsidiary bodies, in particular documents 
received and reviewed by the Task Force on Emissions of VOCs from Stationary Sources. Unless 
otherwise indicated, the techniques listed are considered to be well established on the basis of 
operational experience. 

3.  Experience with new products and new plants incorporating low-emission techniques, as 
well as with the retrofitting of existing plants, is continuously growing; the regular elaboration 
and amendment of the annex will therefore be necessary. Best available technologies identified 
for new plants can be applied to existing plants after an adequate transition period. 

4.  The annex lists a number of measures spanning a range of costs and efficiencies. The 
choice of measures for any particular case will depend on a number of factors, including 
economic circumstances, technological infrastructure and any existing VOC control 
implemented. 

5.  This annex does not, in general, take into account the specific species of VOC emitted by 
the different sources, but deals with best available technologies for VOC reduction. When 
measures are planned for some sources, it is worthwhile to consider giving priority to those 
activities which emit reactive rather than non-reactive VOCs (e.g. in the solvent-using sector). 
However, when such compound-specific measures are designed, other effects on the 
environment (e.g. global climate change) and on human health should also be taken into 
account. 

I. MAJOR SOURCES OF VOC EMISSIONS FROM STATIONARY SOURCES 

6.  The major sources of anthropogenic non-methane VOC emissions from stationary 
sources are the following: 

(a) Use of solvents; 
(b) Petroleum industry including petroleum-product handling; 
(c) Organic chemical industry; 



(d) Small-scale combustion sources (e.g. domestic heating and small industrial 
boilers); 
(e) Food industry; 
(f) Iron and steel industry; 
(g) Handling and treatment of wastes; 
(h) Agriculture. 

7.  The order of the list reflects the general importance of the sources subject to the 
uncertainties of emission inventories. The distribution of VOC emissions according to different 
sources depends greatly on the fields of activity within the territory of any particular Party.  

II. GENERAL OPTIONS FOR VOC-EMISSION REDUCTION 

8.  There are several possibilities for the control or prevention of VOC emissions. Measures 
for the reduction of VOC emissions focus on products and/or process modifications (including 
maintenance and operational control) and on the retrofitting of existing plants. The following list 
gives a general outline of measures available, which may be implemented either singly or in 
combination: 

(a) Substitution of VOCs; e.g. the use of water-based degreasing baths, and 
paints, inks, glues or adhesives which are low in or do not contain VOCs; 
(b) Reduction by best management practices such as good housekeeping, 
preventive maintenance programmes, or by changes in processes such as closed 
systems during utilization, storage and distribution of low-boiling organic liquids; 
(c) Recycling and/or recovery of efficiently collected VOCs by control techniques 
such as adsorption, absorption, condensation and membrane processes; ideally, 
organic compounds can be reused on-site; 
(d) Destruction of efficiently collected VOCs by control techniques such as 
thermal or catalytic incineration or biological treatment. 

9.  The monitoring of abatement procedures is necessary to ensure that appropriate control 
measures and practices are properly implemented for an effective reduction of VOC emissions. 
Monitoring of abatement procedures will include:  

(a) The development of an inventory of those VOC-emission reduction measures, 
identified above, that have already been implemented; 
(b) The characterization and quantification of VOC emissions from relevant 
sources by instrumental or other techniques; 
(c) Periodic auditing of abatement measures implemented to ensure their 
continued efficient operation; 
(d) Regularly scheduled reporting on (a), (b) and (c), using harmonized 
procedures, to regulatory authorities; 
(e) Comparison, with the objectives of the Protocol, of VOC-emission reductions 
achieved in practice. 

10.  The investment/cost figures have been collected from various sources. On account of the 
many influencing factors, investment/cost figures are highly case-specific. If the unit ``cost per 
tonne of VOC abated'' is used for cost-efficient strategy considerations, it must be borne in 
mind that such specific figures are highly dependent on factors such as plant capacity, removal 
efficiency and raw gas VOC concentration, type of technology, and the choice of new 
installations as opposed to retrofitting. Illustrative cost figures should also be based on process-
specific parameters, e.g. mg/m2 treated (paints), kg/m3 product or kg/unit. 



11.  Cost-efficient strategy considerations should be based on total costs per year (including 
capital and operational costs). VOC-emission reduction costs should also be considered within 
the framework of the overall process economics, e.g. the impact of control measures and costs 
on the costs of production. 

III. CONTROL TECHNIQUES 

12.  The major categories of available control techniques for VOC abatement are summarized 
in table 1. Those techniques chosen for inclusion in the table have been successfully applied 
commercially and are now well established. For the most part, they have been applied generally 
across sectors. 

13.  Sector-specific techniques, including the limitation of the solvent content of products, 
are given in sections IV and V. 

14.  Care should be taken to ensure that the implementation of these control techniques 
does not create other environmental problems. If incineration has to be used, it should be 
combined with energy recovery, where appropriate. 

15.  Using such techniques, concentrations of below 150 mg/m3 (as total carbon, standard 
conditions) can usually be achieved in exhaust air flows. In most cases, emission values of 10-
50 mg/m3 can be achieved. 

16.  Another common procedure for destroying non-halogenated VOCs is to use VOC-laden 
gas streams as secondary air or fuel in existing energy-conversion units. However, this usually 
requires site-specific process modifications and therefore it too is excluded from the following 
table. 

17.  Data on efficiency are derived from operational experience and are considered to reflect 
the capabilities of current installations. 

18.  Cost data are more subject to uncertainty due to interpretation of costs, accountancy 
practices and site-specific conditions. Therefore the data provided are case-specific. They cover 
the cost ranges for the different techniques. The costs do, however, accurately reflect the 
relationships between the costs of the different techniques. Differences in costs between new 
and retrofit applications may in some cases be significant but do not differ sufficiently to change 
the order in table 1. 

19.  The choice of a control technique will depend on parameters such as the concentration 
of VOCs in the raw gas, gas volume flow, the type of VOCs, and others. Therefore, some 
overlap in the fields of application may occur; in that case, the most appropriate technique 
must be selected according to case-specific conditions. 

IV. SECTORS 

20.  In this section, each VOC-emitting sector is characterized by a table containing the main 
emission sources, control measures including the best available technologies, their specific 
reduction efficiency and the related costs. 



21.  An estimate is also provided of the overall potential within each sector for reducing its 
VOC emissions. The maximum reduction potential refers to situations in which only a low level 
of control is in place. 

22.  Process-specific reduction efficiencies should not be confused with the figures given for 
the reduction potential of each sector. The former are technical feasibilities, while the latter 
take into account the likely penetration and other factors affecting each sector. The process-
specific efficiencies are given only qualitatively, as follows: 

I = > 95%; II = 80-95%; III = < 80% 

23.  Costs depend on capacity, site-specific factors, accountancy practices and other factors. 
Consequently, costs may vary greatly; therefore, only qualitative information (medium, low, 
high) is provided, referring to comparisons of costs of different technologies mentioned for 
specific applications. 

A. Industrial use of solvents 

24.  The industrial use of solvents is in many countries the biggest contributor to VOC 
emissions from stationary sources. Main sectors and control measures, including best available 
technologies and reduction efficiencies, are listed in table 2, and the best available technology 
is specified for each sector. There may be differences between small and large or new and old 
plants. For this reason, the estimated overall reduction potential quoted is below the values 
implied in table 2.  

The estimated overall reduction potential for this sector is up to 60 per cent. A further step to 
reduce episodic ozone formation potential can include the reformulation of the remaining 
solvents. 

25.  With respect to the industrial use of solvents, three approaches can in principle be used: 
a product-oriented approach which, for instance, leads to a reformulation of the product (paint, 
degreasing products, etc.); process-oriented changes; and add-on control technologies. For 
some industrial uses of solvents only a product-oriented approach is available (in the case of 
painting constructions, painting buildings, the industrial use of cleaning products, etc.). In all 
other cases, the product-oriented approach deserves priority, inter alia, because of the positive 
spin-off effects on the solvent emission of the manufacturing industry. Furthermore, the 
environmental impact of emissions can be reduced by combining best available technology with 
product reformulation to replace solvents by less harmful alternatives. According to a combined 
approach of this kind, the maximum emission reduction potential of up to 60 per cent could 
lead to an improvement in environmental performance that is significantly higher. 

26.  There is rapid ongoing development towards low-solvent or solvent-free paints, which 
are among the most cost-effective solutions. For many plants, a combination of low-solvent and 
adsorption/incineration techniques are chosen. VOC-emission control for large-scale, industrial 
painting (e.g. of cars, domestic appliances) could be implemented relatively quickly. Emissions 
have been reduced as far as 60 g/m2 in several countries. The technical possibility of reducing 
emissions from new plants to below 20 g/m2 has been recognized by several countries. 

27.  For the degreasing of metal surfaces, alternative solutions are water-based treatment or 
closed machines with activated carbon for recovery, with low emissions. 



28.  For the different printing techniques, several methods to reduce VOC emissions are 
employed. These mainly involve the changing of inks, changes within the printing process using 
other printing methods, and gas cleaning techniques. Waterborne ink instead of solvent-based 
ink is used for flexographic printing on paper and is under development for printing on plastic. 
Waterborne inks for screen and rotogravure printing are available for  
some applications. The use of electron beam cured ink in offset eliminates VOCs and is used in 
the package printing industry. For some printing methods, UV-cured inks are available. Best 
available technology for publication rotogravure is the gas cleaning technique using carbon 
adsorbers. In packaging, the rotogravure recovery of solvent by adsorption (zeolites, active 
carbon) is practised, but incineration and absorption are also used. For heatset, the web-offset 
thermal or catalytic incineration of exhaust gases is used. The incineration equipment often 
includes a unit for heat recovery. 

29.  For dry-cleaning, the best available technology consists of closed machines and 
treatment of the exhaust ventilation air by activated carbon filters. 

B. Petroleum industry 

30.  The petroleum industry is one of the major contributors to VOC emissions from 
stationary sources. Emissions are from both refineries and distribution (including transportation 
and filling-stations). The following comments refer to table 3; the measures mentioned also 
include best available technology. 

31.  Refinery process emissions arise from fuel combustion, flaring of hydrocarbons, vacuum-
system discharges and fugitive emissions from process units, such as flanges and connectors, 
opened lines and sampling systems. Other major VOC emissions within refineries and related 
activities result from storage, waste-water treatment processes, loading/discharging facilities 
such as harbours, truck- and railway-racks, pipeline terminals, and periodic operations such as 
shut-downs, servicing and start-ups (process-unit turnarounds). 

32.  Process-unit turnaround emissions may be controlled by venting vessel vapours to 
vapour recovery systems or controlled flaring. 

33.  Vacuum-system discharges may be controlled by condensation or by piping to boilers or 
heaters. 

34.  Fugitive emissions from process equipment in gas/vapour or light liquid service (e.g. 
automatic control valves, manual valves, pressure relief devices, sampling systems, pumps, 
compressors, flanges and connectors) can be reduced or prevented by regularly performing 
leak detection, repair programmes and preventive maintenance. Equipment with substantial 
leaks (e.g. valves, gaskets, seals, pumps, etc.) can be replaced by equipment that is more 
leakproof. For example, manual and automatic control valves can be changed for corresponding 
valves with bellow gaskets. Pumps in gas/vapour and light liquid service can be fitted with dual 
mechanical seals with controlled degassing vents. Compressors can be equipped with seals with 
a barrier fluid system that prevents leakage of the process fluid to the atmosphere, and leakage 
from compressors seals directed to the flares. 

35.  Pressure relief valves for media that may contain VOCs can be connected to a gas-
collecting system and the gases collected burnt in process furnaces or flares. 



36.  VOC emissions from the storage of crude oil and products can be reduced by equipping 
fixed-roof tanks with internal floating roofs or by equipping floating-roof tanks with secondary 
seals.  

37.  VOC emissions from the storage of petrol and other light liquid components can be 
reduced by several means. Fixed-roof tanks can be equipped with internal floating roofs with 
primary and secondary seals or connected to a closed vent system and an effective control 
device, e.g. vapour recovery, flaring or combustion in process heaters. External floating-roof 
tanks with primary seals can be equipped with secondary seals, and/or supplemented with 
tight, fixed roofs, with pressure relief valves which can be connected to the flare. 

38.  VOC emissions in connection with waste-water handling and treatment can be reduced 
by several means. Water-seal controls can be installed, as can junction boxes, equipped with 
tight-fitting covers, in drain systems. Sewer lines can be covered. Alternatively, the drain 
system can be completely closed to the atmosphere. Oil-water separators, including separation 
tanks, skimmers, weirs, grit chambers, sludge hoppers and slop-oil facilities, can be equipped 
with fixed roofs and closed vent systems that direct vapours to a control device, designed either 
for the recovery or destruction of the VOC vapours. Alternatively, oil-water separators can be 
equipped with floating roofs with primary and secondary seals. The effective reduction of VOC 
emissions from waste-water treatment plants can be achieved by draining oil from process 
equipment to the slop-oil system, thus minimizing the oil-flow into the waste-water treatment 
plant. The temperature of incoming water can also be controlled in order to lower emissions to 
the atmosphere. 

39.  The petrol storage and distribution sector has a high reduction potential. Emission 
control covering the loading of petrol at the refinery (via intermediate terminals) up to its 
discharge at petrol service stations is defined as Stage I; control of emissions from the 
refuelling of cars at service stations is defined as Stage II (see para. 33 of annex III on Control 
measures for emissions of volatile organic compounds (VOCs) from on-road motor vehicles). 

40.  Stage I control consists of vapour balancing and vapour collection at the loading of 
petrol, and recovering the vapour in recovery units. Furthermore, vapour collected at service 
stations from the discharge of petrol from trucks can be returned and recovered in vapour 
recovery units. 

41.  Stage II control consists of vapour balancing between the vehicle fuel tank and the 
service station's underground storage tank. 

42.  Stage II together with Stage I is the best available technology for reducing evaporative 
emissions during petrol distribution. A complementary means of reducing VOC emissions from 
fuel storage and handling is to reduce fuel volatility. 

43.  The overall reduction potential in the petroleum industry sector is up to 80 per cent. This 
maximum could be reached only where the current level of emission control is low.  

C. Organic chemical industry 

44.  The chemical industry also makes a considerable contribution to VOC emissions from 
stationary sources. The emissions are of different characters with a wide range of pollutants, 
because of the variety of products and production processes. Process emissions can be divided 
into the following major subcategories: reactor-process emissions, air-oxidation emissions and 



distillation, and other separation processes. Other significant emission sources are from leaks, 
storage and product transfer (loading/unloading). 

45.  For new plants, process modifications and/or new processes often reduce emissions 
considerably. So-called ``add-on'' or ``end-of-pipe'' techniques such as adsorption, 
absorption, thermal and catalytic incineration in many cases represent alternative or 
complementary technologies. To reduce evaporation losses from storage tanks and emissions 
from loading and unloading facilities, the control measures recommended for the petroleum 
industry (table 3) can be applied. Control measures including best available technologies and 
their process-related reduction efficiencies are given in table 4. 

46.  The feasible overall reduction potential in the organic chemical industry is up to 70 per 
cent, depending on the industry mix and the extent to which control technologies and practices 
are in place. 

D. Stationary combustion 

47.  Optimal VOC-emission reduction from stationary combustion depends on the efficient 
use of fuel at the national level (table 5). It is also important to ensure the effective combustion 
of fuel by the use of good operational procedures, efficient combustion appliances and 
advanced combustion-management systems. 

48.  For small systems in particular, there is still a considerable reduction potential, 
especially in the burning of solid fuels. VOC reduction in general is achievable by the 
replacement of old stoves/boilers and/or fuel-switching to gas. The replacement of single room 
stoves by central heating systems and/or the replacement of individual heating systems in 
general reduces pollution; however, overall energy efficiency has to be taken into account. 
Fuel-switching to gas is a very effective control measure, provided the distribution system is 
leakproof. 

49.  For most countries, the VOC-reduction potential for power plants is negligible. On 
account of the uncertain replacement/fuel-switch involved, no figures can be given regarding 
the overall reduction potential and the related costs. 

E. Food industry 

50.  The food industry sector covers a wide range of VOC-emitting processes from large and 
small plants (table 6). The major sources of VOC emissions are: 

(a) Production of alcoholic beverages; 
(b) Baking; 
(c) Vegetable oil extraction using mineral oils; 
(d) Animal rendering. 

Alcohol is the principal VOC from (a) and (b). Aliphatic hydrocarbons are the principal VOC from 
(c). 

51.  Other potential sources include: 

(a) Sugar industry and sugar use; 
(b) Coffee and nut roasting; 



(c) Frying (chipped potatoes, crisps, etc.); 
(d) Fish meal processing; 
(e) Preparation of cooked meats, etc. 

52.  VOC emissions are typically odorous, of low concentration with high volume flow and 
water content. For this reason, the use of biofilters has been used as an abatement technique. 
Conventional techniques such as absorption, adsorption, thermal and catalytic incineration have 
also been used. The principal advantage of biofilters is their low operational cost compared with 
other techniques. Nevertheless, periodic maintenance is required. 

53.  It may be feasible for larger fermentation plants and bakeries to recover alcohol by 
condensation. 

54.  Aliphatic hydrocarbon emissions from oil extraction are minimized by using closed cycles 
and good housekeeping to prevent losses from valves and seals, etc. Different oil seeds require 
different volumes of mineral oil for extraction. Olive oil can be extracted mechanically, in which 
case no mineral oil is necessary. 

55.  The technologically feasible overall reduction potential in the food industry is estimated 
to be up to 35 per cent. 

F. Iron and steel industry (including ferro-alloys,casting, etc.) 

56.  In the iron and steel industry, VOC emissions may be from a variety of sources: 

(a) Processing of input materials (cokeries; agglomeration plants: sintering, pelletizing, 
briquetting; scrap-handling); 

(b) Metallurgical reactors (submerged arc furnaces; electric arc furnaces; converters, 
especially if using scrap; (open) cupolas; blast furnaces); 

(c) Product handling (casting; reheating furnaces; and rolling mills). 

57.  Reducing the carbon carrier in raw materials (e.g. on sintering belts) reduces the 
potential of VOC emissions. 

58.  In the case of open metallurgical reactors, VOC emissions may occur especially from 
contaminated scrap and under pyrolytic conditions. Special attention has to be paid to the 
collection of gases from charging and tapping operations, in order to minimize fugitive VOC 
emissions. 

59.  Special attention has to be paid to scrap which is contaminated by oil, grease, paint, 
etc., and to the separation of fluff (non-metallic parts) from metallic scrap. 

60.  The processing of products usually entails fugitive emissions. In the case of casting, 
emissions of pyrolysis gases occur, chiefly from organically bonded sands. These emissions can 
be reduced by choosing low-emission bonding resins and/or minimizing the quantity of binders. 
Biofilters have been tested on such flue gases. Oil mist in the air from rolling mills can be 
reduced to low levels by filtration. 



61.  Coking plants are an important VOC emission source. Emissions arise from: coke oven 
gas leakage, the loss of VOCs normally diverted to an associated distillation plant, and from the 
combustion of coke oven gas and other fuel. VOC emissions are reduced mainly by the following 
measures: improved sealing between oven doors and frames and between charging holes and 
covers; maintaining suction from ovens even during charging; dry quenching either by direct 
cooling with inert gases or by indirect cooling with water; pushing directly into the dry 
quenching unit; and efficient hooding during pushing operations. 

G. Handling and treatment of waste 

62.  Concerning municipal solid waste control, the primary objectives are to reduce the 
amount of waste produced and to reduce the amount to be treated. In addition, the waste 
treatment should be optimized from an environmental point of view. 

63.  If landfill processes are used, VOC-emission control measures for the treatment of 
municipal waste should be linked to an efficient collection of the gases (mostly methane). 

64.  These emissions can be destroyed (incineration). Another option is the purification of the 
gas (bio-oxidation, absorption, activated carbon, adsorption) leading to use of the gas for 
energy production. 

65.  The landfill of industrial waste containing VOCs leads to VOC emissions. This point has to 
be taken into account in the definition of waste-management policies. 

66.  The overall reduction potential is estimated to be 30 per cent, though this figure includes 
methane. 

H. Agriculture 

67.  The principal sources of VOC emissions from agriculture are: 

(a) Burning of agricultural waste, particularly straw and stubble; 
(b) Use of organic solvents in pesticide formulations; 
(c) Anaerobic degradation of animal feeds and wastes. 

68.  VOC emissions are reduced by: 

(a) Controlled disposal of straw as opposed to the common practice of open-field 
burning; 

(b) Minimal use of pesticides with high organic solvent contents, and/or the use 
of emulsions and water-based formulations; 

(c) Composting of waste, combining manure with straw, etc; 

(d) Abatement of exhaust gases from animal houses, manure drying plant, etc., 
by use of biofilters, adsorption, etc. 

69.  In addition, alterations of feed reduce emissions of gas from animals, and the recovery 
of gases for use as fuel is a possibility. 



70.  It is not currently possible to estimate the reduction potential of VOC emissions from 
agriculture. 

V. PRODUCTS 

71.  In circumstances in which abatement by control techniques is not appropriate, the sole 
means of reducing VOC emissions is by altering the composition of products used. The main 
sectors and products concerned are: adhesives used in households, light industry, shops and 
offices; paints for use in households; household cleaning and personal care products; office 
products such as correcting fluids and car maintenance products. In any other situation in 
which products like those mentioned above are used (e.g. painting, light industry), alterations 
in product composition are highly preferable. 

72.  Measures aimed at reducing VOC emissions from such products are: 

(a) Product substitution; 
(b) Product reformulation; 
(c) Altering the packaging of products, especially for reformulated products. 

73. Instruments designed to influence market choice include: 

(a) Labelling to ensure that consumers are well informed of the VOC content; 

(b) Active encouragement of low-VOC-content products (e.g. the ``Blue Angel'' 
scheme); 

(c) Fiscal incentives linked to VOC content. 

74.  The efficiency of these measures depends on the VOC content of the products involved 
and the availability and acceptability of alternatives. Reformulation should be checked to ensure 
that products do not create problems elsewhere (e.g. increased emissions of 
chlorofluorocarbons (CFCs)). 

75.  VOC-containing products are used for industrial as well as domestic purposes. In either 
case the use of low-solvent alternatives may entail changes in application equipment and in 
work practices. 

76.  Paints commonly used for industrial and domestic purposes have an average solvent 
content of about 25 to 60 per cent. For most applications, low-solvent or solvent-free 
alternatives are available or under development: 

(a) Paint for use in the light industry: 

Powder paint = 0 per cent VOC content in product 

Waterborne paint = 10 per cent VOC content in product 

Low-solvent paint = 15 per cent VOC content in product 



(b) Paint for domestic use: 

Waterborne paint = 10 per cent VOC content in product 

Low-solvent paint = 15 per cent VOC content in product 

Switching over to alternative paints is expected to result in an overall VOC-emission reduction 
of about 45 to 60 per cent. 

77.  Most adhesive products are used in industry, while domestic uses account for less than 
10 per cent. About 25 per cent of the adhesives in use contain VOC solvents. For these 
adhesives, the solvent content varies widely and may constitute half the weight of the product. 
For several application areas, low-solvent/solvent-free alternatives are available. This source 
category therefore offers a high reduction potential. 

78.  Ink is mainly used for industrial printing processes, with solvent contents differing 
widely, up to 95 per cent. For most printing processes, low-solvent inks are available or under 
development in particular for printing on paper (see para. 28). 

79.  About 40 to 60 per cent of VOC emissions from consumer products (including office 
products and those used in car maintenance) are from aerosols. There are three basic ways of 
reducing VOC emissions from consumer products: 

(a) Substitution of propellants and the use of mechanical pumps; 
(b) Reformulation; 
(c) Change of packaging. 

80.  The potential reduction of VOC emissions from consumer products is estimated to be 50 
per cent.  



TABLE 1 

A SUMMARY OF AVAILABLE VOC CONTROL TECHNIQUES, THEIR EFFICIENCIES AND COSTS 

Technique 

Lower concentration
in air flow 

Efficiency Cost   

Higher concentration 
in air flow 

Efficiency Cost   Application 

Thermal incineration** High High  High Medium   Wide for high concentration flows 

Catalytic incineration**  High Medium   Medium  Medium   
More specialized for lower 
concentration flows  

Adsorption* 
(activated carbon filters) High High  Medium  Medium  Wide for low concentration flows  

Absorption  
(waste gas washing) - -  High Medium  Wide for high concentration flows  

Condensation* - -  Medium  Low   
Special cases of high concentration 
flows only 

Biofiltration Medium to 
Low Low  

Low*** Low  
Mainly in low concentration flows, 
including odour control  

Concentration: Lower  <3 g/m3 (in many cases <1g/m3) 
  Higher >5g/m3 
Efficiency: High >95% 
  Medium 80-95% 
  Low  <80% 
Total cost: High >500 ECU/t VOC abated 
  Medium  150-500 ECU/t VOC abated 
  Low  <150 ECU/t VOC abated 

 * These processes can be combined with solvent recovery systems. Cost savings then ensue. 
** Savings due to energy recovery are not included; these can reduce the costs considerably. 
*** With buffering filters to dampen emission peaks, medium to high efficiencies are achieved at medium to low costs. 

 



TABLE 2 

VOC-EMISSION CONTROL MEASURES, REDUCTION EFFICIENCY AND COSTS FOR 
THE SOLVENT-USING SECTOR 

Source of emission  
 

Emission control measures  
 

Reduction 
efficiency  

Abatement costs  
and savings  

Industrial surface 
coating 

Conversion to: 
- powder paints 
- low in/not containing VOCs 
- high solids 
 
Incineration: 
- thermal 
- catalytic  
Activated carbon adsorption 

 
I 
I - III 
I - III 
 
 
I - II 
I - II 
I - II 

 
Savings 
Low costs 
Savings 
 
 
Medium to high costs 
Medium costs 
Medium costs 

Paper surface coating Incinerator 
Radiation cure/waterborne inks 

I - II 
I - III 

Medium costs 
Low costs 

Car manufacturing Conversion to: 
- powder paints 
- water-based systems 
- high solid coating 
Activated carbon adsorption 
Incineration with heat recovery 
- thermal 
- catalytic 

 
I 
I - II 
II 
I - II 
 
I - II 
I - II 

 
 
Low costs 
 
Low costs 
 
 

Commercial painting  Low in/not containing VOCs 
Low in/not containing VOCs  

I - II  
II - III  

Medium costs  
Medium costs 

Printing  Low-solvent/water-based inks 
Letterpress: radiation cure 
Activated carbon adsorption 
Absorption 
Incineration 
- thermal 
- catalytic 
Biofiltration including buffer filter 

II - III  
I  
I - II 
 
I - II 
 
 
I 

Medium costs  
Low costs 
High costs 
 
 
 
 
Medium costs 

Metal degreasing  
Change-over to systems low in/not containing VOCs 
Closed machines 
Activated carbon adsorption 
Cover, chilled freeboards 
 

 
I 
 
II 
III 

 
 
 
Low to high costs 
Low costs 

Dry-cleaning 
Recovery dryers and good house-keeping(closed cycles)
Condensation 
Activated carbon adsorption 

 
II - III  
II  
II 

 
Low to medium costs 
Low costs 
Low costs 

Flat wood panelling Coatings low in/not containing VOCs I Low costs 

I => 95 per cent; II = 80-95 per cent; III=<80 per cent;



TABLE 3 

VOC-EMISSION CONTROL MEASURES, REDUCTION EFFICIENCY AND COSTS FOR 
THE PETROLEUM INDUSTRY 

Source of emission 
Emission control 

measures 
Reduction  
efficiency 

Abatement 
costs 

and savings 

Petroleum refineries 

- Fugitive emissions  Regular inspection and 
maintenance III  Medium costs 

- Process-unit turnarounds Flares/process furnace 
vapour recovery I  Not available 

- Waste-water separator Floating cover  II Medium costs/savings 

- Vacuum process system  Surface contact 
condensors I   

  
Non-condensable VOCs 
piped to heaters or 
furnaces   

  

- Incineration of sludge Thermal incineration I   
Storage of crude oil and products 

- Petrol Internal floating roofs 
with secondary seals I - II  Savings 

  Floating roof tanks with 
secondary seals II  Savings 

- Crude oil  Floating roof tanks with 
secondary seals II  Savings 

- Petrol marketing terminals (loading and 
unloading of trucks,barges and trains) 

Vapour recovery unit  I - II  Savings 

- Petrol service stations Vapour balance on tank 
trucks (Stage I)  

I - II Low costs/savings 

  

Vapour balance during 
refuelling (refuelling 
nozzles) 
(Stage II) 

I (- II**) 

Medium costs* 

I => 95 per cent; II = 80-95 per cent; III=<80 per cent; 
* Depending on capacity (station size), retrofitting or new service stations. 
** Will increase with increasing penetration of standardization of vehicle filling pipes. 



TABLE 4 

VOC-EMISSION CONTROL MEASURES, REDUCTION EFFICIENCY AND COSTS FOR 
THE ORGANIC CHEMICAL INDUSTRY 

Source of emission Emission control measures 
Reduction 
efficiency  

Abatement costs  
and savings  

Fugitive emissions Leak detection and repair programme     
  - regular inspection III  Low costs 
Storage and handling - See table 3 -     
  General measures:     
Process emissions - carbon adsorption  I - II  n.a. 

  
- incineration:  - thermal  
 - catalytic  

I - II 
I - II  

Medium to high 
costs 
n.a.  

  - absorption   n.a. 
  - biofiltration n.a. n.a. 
  - flaring     
- Formaldehyde production - incineration: - thermal 

 - catalytic  

I 
I  

High costs 
  

- Polyethylene production - flaring I  Medium costs 
  - catalytic incineration  I - II   
- Polystyrene production - thermal incineration I  Medium costs 
  - flaring     
        
  Process modifications (examples):     

- Vinyl chloride production - substitution of air by oxygenin the 
oxychlorination step II  n.a. 

  - flaring I  Medium costs  
- Polyvinylchloride 
production - slurry stripping of monomer II  n.a. 

  - Nitro-2-methyl-l-propanol-1 absorption I  Savings 
- Polypropylene production - high yield catalyst  I  n.a. 
- Ethylene oxide production - substitution of air by oxygen I n.a. 

n.a. Not available 

I = > 95 per cent; II = 80-95 per cent; III = < 80 per cent 



TABLE 5 

VOC-emission control measures for stationary combustion sources 

Source of emission Emission control measures 
Small-scale combustion sources Energy savings, e.g. insulation  

Regular inspection 
Replacement of old furnaces 
Natural gas and fuel oil instead of solid fuels 
Central heating system  
District heating system 

Industrial and commercial sources Energy savings  
Better maintenance  
Fuel-type modification  
Change of furnace and load  
Change of burning conditions 

Stationary internal combustion sources Catalytic converters  
Thermal reactors 

TABLE 6 

VOC-emission control measures, reduction efficiency and costs for the food 
industry  

Source of emission Emission control 
measures 

Reduction efficiency Abatement costs 

In general Closed cycles 
Bio-oxidation 
Condensation and 
treatment 
Adsorption/absorption 
Thermal/catalytic 
incineration 

 
II 
I 

 
Low* 
High 

Vegetable-oil processing Process-integrated 
measures 
Adsorption 
Membrane technique 
Incineration in process 
furnace 

III Low 

Animal rendering Biofiltration II Low* 

* Owing to the fact that these processes are usually applied to gases with low 
VOC concentrations, the costs per cubic metre of gas are low, although VOC 
abatement per tonne is high. 

I = > 95 per cent; II = 80-95 per cent; III = < 80 per cent. 


