
ANNEX IV 

Classification of volatile organic compounds (VOCs) based on 
their photochemical ozone creation potential (POCP) 

1.  This annex summarizes the information available and identifies the still existing 
elements to develop in order to guide the work to be carried out. It is based on information 
regarding hydrocarbons and ozone formation contained in two notes prepared for the 
Working Group on Volatile Organic Compounds (EB.AIR/WG.4/R.11 and R.13/Rev.1); on the 
results of further research carried out, in particular in Austria, Canada, Germany, 
Netherlands, Sweden, the United Kingdom, the United States of America and the EMEP 
Meteorological Synthesizing Centre-West (MSC-W); and on supplementary information 
provided by governmentally designated experts. 

2.  The final aim of the POCP approach is to provide guidance on regional and national 
control policies for volatile organic compounds (VOCs), taking into account the impact of 
each VOC species as well as sectoral VOC emissions in episodic ozone formation expressed 
in terms of the photochemical ozone creation potential (POCP), which is defined as the 
change in photochemical ozone production due to a change in emission of that particular 
VOC. POCP may be determined by photochemical model calculations or by laboratory 
experiments. It serves to illustrate different aspects of episodic oxidant formation; e.g. peak 
ozone or accumulated ozone production during an episode. 

3.  The POCP concept is being introduced because there is a large variation between the 
importance of particular VOCs in the production of ozone during episodes. A fundamental 
feature of the concept is that, in the presence of sunlight and NOx, each VOC produces 
ozone in a similar way despite large variations in the circumstances under which ozone is 
produced. 

4.  Different photochemical model calculations indicate that substantial reduction of 
VOCs and NOx emissions are necessary (order of magnitude above 50 per cent in order to 
achieve significant ozone reduction). Moreover the maximum concentrations of ozone near 
the ground are reduced in a less than proportional way when VOC emissions are reduced. 
This effect is shown in principle by theoretical scenario calculation. When all species are 
reduced by the same proportion, maximum ozone values (above 75 ppb hourly average) in 
Europe are reduced depending on the existing ozone level by only 10-15 per cent if the 
mass of non-methane man-made VOC emissions is reduced by 50 per cent. By contrast, if 
emissions of the most important (in terms of POCP and mass values or reactivity) non-
methane man-made VOC species were reduced by 50 per cent (by mass), the calculated 
result is a 20-30 per cent reduction of peak episodic ozone concentration. This confirms the 
merits of a POCP approach to determine priorities for VOC emission control and clearly 
shows that VOCs may at least be divided into large categories, according to their 
importance in episodic ozone formation. 

5.  POCP values and reactivity scales have been calculated as estimates, each based on 
a particular scenario (e.g. emission increases and decreases, air mass trajectories) and 
targeted towards a particular objective (e.g. peak ozone concentration, integrated ozone, 
average ozone). POCP values and reactivity scales are dependent on chemical mechanisms. 
Clearly there are differences between the different estimates of POCPs, which in some cases 
can span more than a factor of four. The POCP numbers are not constant but vary in space 



and time. To give an example: the calculated POCP of ortho-xylene in the so-called 
``France-Sweden'' trajectory has a value of 41 on the first day and of 97 on the fifth day of 
the travelling time. According to calculations of the Meteorological Synthesizing Centre-West 
(MSC-W) of EMEP, the POCP of ortho-xylene for O3 over 60 ppb, varies between 54 and 112 
(5 to 95 percentiles) for the grids of the EMEP area. The variation of the POCP in time and 
space is not only caused by the VOC composition of the air parcel due to man-made 
emissions but is also a result of meteorological variations. The fact is that any reactive VOC 
can contribute to the episodical formation of photochemical oxidants to a higher or lower 
extent, depending on the concentrations of NOx and VOC and meteorological parameters. 
Hydrocarbons with very low reactivity, like methane, methanol, ethane and some 
chlorinated hydrocarbons contribute in a negligible manner to this process. There are also 
differences as a result of meteorological variations between particular days and over Europe 
as a whole. POCP values are implicitly dependent on how emission inventories are 
calculated. Currently there is no consistent method or information available across Europe. 
Clearly, further work has to be done on the POCP approach. 

6.  Natural isoprene emissions from deciduous trees, together with nitrogen oxides 
(NOx) mainly from man-made sources, can make a significant contribution to ozone 
formation in warm summer weather in areas with a large coverage of deciduous trees. 

7.  In table 1, VOC species are grouped according to their importance in the production 
of episodic peak ozone concentrations. Three groups have been selected. Importance in 
table 1 is expressed on the basis of VOC emission per unit mass. Some hydrocarbons, such 
as n-butane, become important because of their mass emission although they may not 
appear so according to their OH reactivity. 

8.  Tables 2 and 3 show the impacts of individual VOCs expressed as indices relative to 
the impact of a single species (ethylene) which is given an index of 100. They indicate how 
such indices, i.e. POCPs, may give guidance for assessing the impact of different VOC 
emission reductions. 

9.  Table 2 shows averaged POCPs for each major source category based on a central 
POCP estimate for each VOC species in each source category. Emission inventories 
independently determined in the United Kingdom and Canada have been used in this 
compilation and presentation. For many sources, e.g. motor vehicles, combustion 
installations, and many industrial processes, mixtures of hydrocarbons are emitted. 
Measures to reduce specifically the VOC compounds identified in the POCP approach as very 
reactive are in most cases unavailable. In practice, most of the possible reduction measures 
will reduce emissions by mass irrespective of their POCPs. 

10.  Table 3 compares a number of different weighting schemes for a selected range of 
VOC species. In assigning priorities within a national VOC control programme, a number of 
indices may be used to focus on particular VOCs. The simplest but least effective approach 
is to focus on the relative mass emission, or relative ambient concentration. 

11.  Relative weighting based on OH reactivity addresses some but by no means all of the 
important aspects of the atmospheric reactions which generate ozone in the presence of 
NOx and sunlight. The SAPRC (Statewide Air Pollution Research Center) weightings address 
the situation in California. Because of differences in the model conditions appropriate to the 
Los Angeles basin and Europe, major differences in the fates of photochemical, labile 
species, such as aldehyde, result. POCPs calculated with photochemical models in the 



Netherlands, United States of America, United Kingdom, Sweden and by EMEP (MSC-W) 
address different aspects of the ozone problem in Europe. 

12.  Some of the less-reactive solvents cause other problems, e.g. they are extremely 
harmful to human health, difficult to handle, persistent, can cause negative environmental 
effects at other levels (e.g. in the free troposphere or the stratosphere). In many cases the 
best available technology for reducing solvent emission is the application of non-solvent 
using systems. 

13.  Reliable VOC emission inventories are essential to the formulation of any cost-
effective VOC control policies and in particular those based on the POCP approach. National 
VOC emissions should therefore be specified according to sectors, at least following 
guidelines specified by the Executive Body, and should as far as possible be complemented 
by data on species and time variations of emissions.



TABLE 1 

Classification of VOCs into three groups according to their importance in episodic 
ozone formation 

More important   
Alkenes   
Aromatics   
Alkanes > C6 alkanes except 2,3 dimethylpentane 
Aldehydes All aldehydes except benzaldehyde 
Biogenics Isoprene 
    
Less important   
Alkanes C3-C5 alkanes and 2,3 dimethylpentane 
Ketones Methyl ethyl ketone and methyl t-butyl ketone 
Alcohols Ethanol 
Esters  All esters except methyl acetate 
    
Least important   
Alkanes Methane and ethane 
Alkynes  Acetylene 
Aromatics Benzene 
Aldehydes Benzaldehyde 
Ketones  Acetone 
Alcohols  Methanol 
Esters  Methyl acetate 
Chlorinated hydrocarbons Methyl chloroform 

Methylene chloride 
Trichloroethylene and tetrachloroethylene 



TABLE 2 

SECTORAL POCPs OF THE VARIOUS EMISSION SECTORS AND THE PERCENTAGE  
BY MASS OF VOCs IN EACH OZONE CREATION CLASS 

Sectors 

Sector Sectoral POCP Percentage mass in each ozone creation class 

Canada United
Kingdom 

More Less 
Important  

Least Unknown 

  

Petrol-engined vehicle exhaust 63  61  76  16  7 1  

Diesel vehicle exhaust 60  59  38  19  3  39  

Petrol-engined vehicle evaporation -  51  57 29 2  12  

Other transport 63 - - - - -  

Stationary combustion -  54  34  24  24 18  

Solvent usage  42  40 49  26  21 3  

Surface coating 48  51 - - - -  

Industrial process emissions  45  32  4  41 0 55  

Industrial chemicals  70  63 - - - -  

Petroleum refining and distribution 54 45  55  42 1  2  

Natural gas leakage -  19 24  8  66  2  

Agriculture  - 40 -  -  100 -  

Coal mining - 0 - - 100 -  

Domestic waste landfill  -  0 - - 100 -  

Dry cleaning 29  - - - - -  

Wood combustion 55 - - - - -  

Slash burn 58 - - - - -  

Food industry -  37 - - - -  



TABLE 3 

COMPARISON BETWEEN WEIGHTING SCHEMES (EXPRESSED RELATIVE TO ETHYLENE=100) 
FOR 85 VOC SPECIES 

VOC 
OH 

Scale 
[a] 

Canada
by mass

[b] 

SAPRC
MIR 
[c] 

UK  
POCP 

[d] 
range 

[e]  

Sweden  
max 

diff.[f] 
0-4 

days[g]  
EMEP 

[h] 
LOTOS

[i]  
Methane 0.1 - 0 0.7 0-3 - - - -  
Ethane 3.2 91.2 2.7 8.2 2-3 17.3 12.6 5-24 6-25  
Propane 9.3 100 6.2 42.1 16-124 60.4 50.3 - -  
n-Butane 15.3 212 11.7 41.4 15-115 55.4 46.7 22-85 25-87  
i-Butane 14.2 103 15.7 31.5 19-59 33.1 41.1 - -  
n-Pentane 19.4 109 12.1 40.8 9-105 61.2 29.8 - -  
i-Pentane 18.8 210 16.2 29.6 12-68 36.0 31.4 - -  
n-Hexane 22.5 71 11.5 42.1 10-151 78.4 45.2 - -  
2-Methylpentane 22.2 100 17.0 52.4 19-140 71.2 52.9 - -  
3-Methylpentane 22.6 47 17.7 43.1 11-125 64.7 40.9 - -  
2,2-Dimethylbutane 10.5 - 7.5 25.1 12-49 - - - -  
2,3-Dimethylbutane 25.0 - 13.8 38.4 25-65 - - - -  
n-Heptane 25.3 41 9.4 52.9 13-165 79.1 51.8 - -  
2-Methylhexane 18.4 21 17.0 49.2 11-159 - - - -  
3-Methylhexane 18.4 24 16.0 49.2 11-157 - - - -  
n-Octane 26.6 - 7.4 49.3 12-151 69.8 46.1 - -  



VOC 
OH 

Scale 
[a] 

Canada
by mass

[b] 

SAPRC
MIR 
[c] 

UK  
POCP 

[d] 
range 

[e]  

Sweden  
max 

diff.[f] 
0-4 

days[g]  
EMEP 

[h] 
LOTOS

[i]  
2-Methylheptane 26.6 - 16.0 46.9 12-146 69.1 45.7 - -  
n-Nonane 27.4 - 6.2 46.9 10-148 63.3 35.1 - -  
2-Methyloctane 27.3 - 13.2 50.5 12-147 66.9 45.4 - -  
n-Decane 27.6 - 5.3 46.4 8-156 71.9 42.2 - -  
2-Methylnonane 27.9 - 11.7 44.8 8-153 71.9 42.3 - -  
n-Undecane 29.6 21 4.7 43.6 8-144 66.2 38.6 - -  
n-Duodecane 28.4 - 4.3 41.2 7-138 57.6 31.1 - -  
Methylcyclohexane 35.7 18 22.3 - - 40.3 38.6 - -  
Methylene chloride - - - 1 0-3 0 0 - -  
Chloroform - - - - - 0.7 0.4 - -  
Methyl chloroform - - - 0.1 0-1 0.2 0.2 - -  
Trichloroethylene - - - 6.6 1-13 8.6 11.1 - -  
Tetrachloroethylene - - - 0.5 0-2 1.4 1.4 - -  
Allyl chloride - - - - - 56.1 48.3 - -  
Methanol 10.9 - 7 12.3 9-21 16.5 21.3 - -  
Ethanol 25.5 - 15 26.8 4-89 44.6 22.5 9-58 20-71  
i-Propanol 30.6 - 7 - - 17.3 20.3 - -  
Butanol 38.9 - 30 - - 65.5 21.4 - -  
i-Butanol 45.4 - 14 - - 38.8 25.5 - -  



VOC 
OH 

Scale 
[a] 

Canada
by mass

[b] 

SAPRC
MIR 
[c] 

UK  
POCP 

[d] 
range 

[e]  

Sweden  
max 

diff.[f] 
0-4 

days[g]  
EMEP 

[h] 
LOTOS

[i]  
Ethylene glycol 41.4 - 21 - - - - - -  
Propylene glycol 55.2 - 18 - - - - - -  
But-2-diol - - - - - 28.8 6.6 - -  
Dimethyl ether 22.3 - 11 - - 28.8 34.3 - -  
Methyl-t-butylether 11.1 - 8 - - - - - -  
Ethyl-t-butylether 25.2 - 26 - - - - - -  
Acetone 1.4 - 7 17.8 10-27 17.3 12.4 - -  
Methyl ethyl ketone 5.5- - 14 47.3 17-80 38.8 17.8 - -  
Methyl-i-butyl ketone - - - - - 67.6 31.8 - -  
Methyl acetate - - - 2.5 0-7 5.8 6.7 - -  
Ethyl acetate - - - 21.8 11-56 29.5 29.4 - -  
i-Propyl acetate - - - 21.5 14-36 - - - -  
n-Butyl acetate - - - 32.3 14-91 43.9 32.0 - -  
i-Butyl acetate - - - 33.2 21-59 28.8 35.3 - -  
Propylene glycol methyl ether - - - - - 77.0 49.1 - -  
Propylene glycol methyl ether acetate - - - - - 30.9 15.7 - -  
Ethylene 100 100 100 100 100 100 100 100 100  
Propylene 217 44 125 103 75-163 73.4 59.9 69-138 55-120  
1-Butene 194 32 115 95.9 57-185 79.9 49.5 - -  



VOC 
OH 

Scale 
[a] 

Canada
by mass

[b] 

SAPRC
MIR 
[c] 

UK  
POCP 

[d] 
range 

[e]  

Sweden  
max 

diff.[f] 
0-4 

days[g]  
EMEP 

[h] 
LOTOS

[i]  
2-Butene 371 - 136 99.2 82-157 78.4 43.6 - -  
1-Pentene 148 - 79 105.9 40-288 72.7 42.4 - -  
2-Pentene 327 - 79 93.0 65-160 77.0 38.1 - -  
2-Methyl-1-butene 300 - 70 77.7 52-113 69.1 18.1 - -  
2-Methyl-2-butene 431 24 93 77.9 61-102 93.5 45.3 - -  
3-Methyl-1-butene 158 - 79 89.5 60-154 - - - -  
Isobutene 318 50 77 64.3 58-76 79.1 58.0 - -  
Isoprene 515 - 121 - - 53.2 58.3 - -  
Acetylene 10.4 82 6.8 16.8 10-42 27.3 36.8 - -  
Benzene 5.7 71 5.3 18.9 11-45 31.7 40.2 - -  
Toluene 23.4 218 34 56.3 41-83 44.6 47.0 - -  
o-Xylene 48.3 38 87 66.6 41-97 42.4 16.7 54-112 26-67  
m-Xylene 80.2 53 109 99.3 78-135 58.3 47.4 - -  
p-Xylene 49.7 53 89 88.8 63-180 61.2 47.2 - -  
Ethylbenzene 25 32 36 59.3 35-114 53.2 50.4 - -  
1,2,3-Trimethyl benzene 89 - 119 117 76-175 69.8 29.2 - -  
1,2,4-Trimethyl benzene 107 44 119 120 86-176 68.3 33.0 - -  
1,3,5-Trimethyl benzene 159 - 140 115 74-174 69.1 33.0 - -  
o-Ethyltoluene 35 - 96 66.8 31-130 59.7 40.8 - -  



VOC 
OH 

Scale 
[a] 

Canada
by mass

[b] 

SAPRC
MIR 
[c] 

UK  
POCP 

[d] 
range 

[e]  

Sweden  
max 

diff.[f] 
0-4 

days[g]  
EMEP 

[h] 
LOTOS

[i]  
m-Ethyltoluene 50 - 96 79.4 41-140 62.6 40.1 - -  
p-Ethyltoluene 33 - 96 72.5 36-135 62.6 44.3 - -  
n-Propylbenzene 17 - 28 49.2 25-110 51.1 45.4 - -  
i-Propylbenzene 18 - 30 56.5 35-105 51.1 52.3 - -  
Formaldehyde 104 - 117 42.1 22-58 42.4 26.1 - -  
Acetaldehyde 128 - 72 52.7 33-122 53.2 18.6 - -  
Proprionaldehyde 117 - 87 60.3 28-160 65.5 17.0 -- -  
Butyraldehyde 124 - - 56.8 16-160 64.0 17.1 - -  
i-Butyraldehyde 144 - - 63.1 38-128 58.3 30.0 - -  
Valeraldehyde 112 - - 68.6 0-268 61.2 32.1 - -  
Acrolein - - - - - 120.1 82.3 - -  
Benzaldehyde 43 - -10 -33.4 -82-(-12) - - - -  
 
[a]OH+VOC rate coefficient divided by molecular weight. 
[b]Ambient VOC concentrations at 18 sites in Canada expressed on mass 
basics. 
[c]Maximum Incremental Reactivity (MIR) based on California scenarios; 
Statewide Air Pollution Research Centre, LosAngeles , USA. 
[d]Average POCP based on three scenarios and 9 days; FRG-Ireland, 
France-Sweden and UK. 
[e]Range of POCPs based on three scenarios and 11 days. 
[f]POCPs calculated for a single source in Sweden producing maximum 
ozone difference. 
[g]POCPs calculated for a single source in Sweden using average difference 
in ozone over 4 days. 
[h]Range (5th-95th percentile) of POCPs calculated over EMEP grid. 
[i]Range (20th-80th percentile) of POCPs calculated over LOTOS grid. 
 

POCP = (a/b ) / (c/d) x 100 
where 

(a)-Change in photochemical oxidant formation due to a change in a 
VOC emission 
(b)-Integrated VOC emission up to that time 
(c)-Change in photochemical oxidant formation due to a change in 
ethylene emissions 
(d)-Integrated ethylene emission up to that time 

It is a quantity derived from a photochemical ozone model by following the 
photochemical ozone production with and without the presence of an 
individual hydrocarbon. The difference in ozone concentrations between 
such pairs of model calculations is a measure of the contribution that VOC 
makes in ozone formation. 
 


