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- (EU) 2015/2119
- Valid since 24.11.2019
- Germany TA-Luft: 1.12.2021
- Für MDF/ HDF increasing tightening:

- Reduction from 300mg/m3 to 120mg/m3

- Due to change in reference value from wet to dry 
basis:  120 mg/m3 at 55°C off-gas temperature 
equivalent 101mg/m3 according to old method

- Main component of VOCs: terpenes

New limits for emissions in the wood-panel industry
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Terpene – only the smell of resin and forest?

• resin = sticky liquid from softwood like pine, larch and to some
extend spruce

• resin = resin acids (rosin, „ amber“) + terpenes
• terpene = essential oils

(a-Pinen, b-Pinen, D-3-Caren, Limonen, …)
• Composition and amount depends on pine species
• Mixture of terpenes is called turpentine („genuine turpentine“)
• Smell like freshly cut wood or perfume?
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• Terpenes = most important group of VOC that form photooxidants

• Photooxidants arise from nitrous oxides (NOx), VOC and oxygen

• Most important Photooxidant is ozone

• Surface near ozone is extremely harmfull

Terpene – only the smell of resin and forest? No!
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• NEC-guideline („National Emission Ceilings Directive“) demands
reduction requirement for VOCs and NMVOC (non-methane VOC)

• Reduction at FBB by 1.200 t/a equals 0,1% of all German VOC emissions.

VOCs in Germany



Bernd Bungert 7 EPF IED taskforce meeting R01.ppt

New emission values: change of reference state

Old value old 
reference

New 
value new 
reference

New 
value aold 
reference

For MDF, PB, OSB drastic reduction
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IED
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Stack with online 
VOC measurement

VOC: Volatile Organic Components



Debarking, 
ChippingWood Sieving Washing Presteaming

DigestionRefiningGluing, Drying

Sifting

Mat forming Press

Plug-screw
feeder

Stack
VOCs

Wet scrubbing

MDF Process

Thermomechanical 
Pulping (TMP)
(170°C, 9 bar)

„Milling“
10 MW drive

1,000,000 m3/h
(590,000 cfm)
< 200 mg/m3 VOC
= 200 kg/h VOC

= 1,600 t/a VOC

400,000 tonnes (dry)
per year

MDF
500,000 m3 per year



Stack
VOCs

MDF-process with VOC reduction
with turpentine production

ChippingWood Sieving Washing Presteaming

DigestionRefiningGluing, Drying

Sifting

Mat forming Press

Plug-screw
feeder

Incineration
(hot-gas generator)Steam removal

Condensation, 
turpentine decanting

Wet scrubbing

150 kg/h
1,200 t/a

1,000,000 m3/h
(590,000 cfm)
< 200 mg/m3 VOC
= 200 kg/h VOC

= 1,600 t/a VOC
50 mg/m3 VOC
50 kg/h



System installation

Steam removal Combustion-
chamber inlet

Pipe to hot-gas 
generator
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1) Compliance with EU legislation

Process in operation

Steam removal: start
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New emission limit (dry)

New emission limit (wet)

Reliable attainment of emission limits
Proven in industrial operation

Emissions drop within 
30 min. after start
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 blau: Grenzwert eingehalten
 grün, gelb, rot: Grenzwert überschritten (Basis trocken)

-> Solution: reduce pine or reduce production

VOC Emissions 2017 from online measurement (90% plan utilization, 70% pine)
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Annual –duration line in mg/m3 (Data sorted according to size)

Reduction of production by 20%, to attain emssion valueedrigen

-20%

mg/m3

Number of 
values

Old limit (Baruth)

New limit
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Simple calculation: 2017 at 90% utilization and 70% pine
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2) Replacing RTO

Economical analysis (detailed study):

• 2 sites in USA

• Comparing RTO – Bioscrubbing + MDF-VOC
• Savings of € 10 / m3 MDF

No CO2 emissions from burning of natural gas 

-> carbon footprint (scope 1+2) dramatically reduced

 Additional NOx emissions from RTO eliminated

 System is essentially energy neutral
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2) Replacing RTO by Classen system + bioscrubber

 Detailed analysis

 Energy prices: EIA.gov; South Atlantic 

 Calculation bioscrubber based on Classen plant in Baruth

 Summary:

 Difference: € 10/ m3 MDF/HDF

Projekt: Comparison RTO, MDF-VOC

Date 27.05.2024 CONFIDENTIAL, internal
Author: Bungert

Revision: R04

Energy costs, CO2 factors
USA
gas [€/MWh] 17 EIA.gov, south atlanctic1 MM BTU = 0,293 MWh, 1000 cubic foot = 28,3 m3=0,276 MWh
electricity [€/MWh] 75 EIA.gov, south atlanctic
CO2 [t/MWh electr.] 0,46 Southern company services
CO2 [t/MWh electr.] 0,2 PacifiCorp West 1 year average
Spain, Portugal
gas [€/MWh] 50 EEX NG power future THE
electricity [€/MWh] 90
CO2 [t/MWh electr.] 0,18 Energymaps 1 year average
Germany
gas [€/MWh] 50 EEX NG power future THE
electricity [€/MWh] 80
CO2 [t/MWh electr.] 0,4 Energymaps
Poland
gas [€/MWh]
electricity [€/MWh]
CO2 [t/MWh electr.] 0,948 Energymaps 1 year average

Base case MDF plant
MDF [m3/a] 500.000               
air from dryer and press [m3/h] 1.000.000            
VOC content [kg/h] 150                      

For removal of formaldehyde, acetaldehyde, formic acid, acetic acid etc. MDF-VOC needs biofilter or bioscrubber. Bioscrubber (BS) like in Baruth is considered

VHI says 6 MW/100,000m3/h. 
Off gas with 140°C relative to 60°C gives 2,22 MW for 100,000 m3/h
120/60°C gives 1.64 MW
Allplan/ Umweltbundesamt AT: RTO without heat recovery: 1.5 MW/ 100 000 m3/h
Allplan/ Umweltbundesamt AT: RTO with heat recovery: 0.42 MW/ 100 000 m3/h
Heat duty considered [MW/ 100,000 m3/h] 2,22                     
RTO gas consumption [MW] 22,22                   

Power RTO [MW] (fan, 50mbar) 1,700                   
Bioscrubber + WetESP + delta p dryer fan + evap. Plant 
[MW] 1,126                   MW
    quench 0,210                   MW
    absorber 0,150                   MW
    wet ESP 0,040                   MW
   10 mbar pressure drop for dryer fan 0,340                   MW
   Compressed air 0,170                   MW
   evaporation plant (25% from capacity) 0,216                   MW

Power consumption rest of MDF plant from woodyard to final 
product, exclusive off-gas treatment [MW] 15,000                 

Electrici ty MDF-T [MW] 0,010                   

CO2 from NG [t/MWh] 0,200                   
CO2 cost from emission trading sheme [€/t]
for RTO in Europe [€/t] 100                      

NOx from operation of RTO [t/100,000m3 dryer gas] 0,005                   

Downtime for burn out and w ash dow n
1 week new, 2 weeks average, 4 weeks at end of cycle

Consider 2 weeks =  [h] 336                      
Contribution margin (plant is not yet depreciated) [€/h] 5.000                   

Yearly full-load hours 8.000                   

1€ = $1,07

Energy costs
RTO
[MWh]

RTO
[€/a]

RTO

[€/m
3
]

MDF-VOC
[MWh]

MDF-VOC
[€/a]

MDF-VOC

[€/m
3
]

Difference
[€/a]

Difference

[€/m
3
] Remarks

Natural gas 

      USA 177.776               3.022.192            6,0 0 0 0 3.022.192            6,0                       

      Spain, Portugal 177.776               8.888.800            17,8 0 0 0 8.888.800            17,8                     

      Germany 177.776               8.888.800            17,8 0 0 0 8.888.800            17,8                     

Electrici ty 

      USA 13.600                 1.020.000            2,0 9.010                   675.750               1,4 344.250               0,7                       

      Spain, Portugal 13.600                 1.224.000            2,4 9.010                   810.900               1,6 413.100               0,8                       

      Germany 13.600                 1.088.000            2,2 9.010                   720.800               1,4 367.200               0,7                       

Energy costs total

      USA 4.042.192            675.750               3.366.442            6,7                       

      Spain, Portugal 10.112.800          810.900               9.301.900            

      Germany 9.976.800            720.800               9.256.000            

Downtimes
RTO
[h]

RTO
[€/a]

RTO

[€/m
3
]

BioScr+MDF-
VOC
[MWh]

MDF-VOC
[€/a]

MDF-VOC

[€/m
3
]

Difference
[€/a]

Difference

[€/m
3
] Remarks

Repair and maintenance time, i.e. wash out, burn out 336                      1.680.000            3,36 - 0 0 1.680.000            3,36                     

production loss
production loss for 336 h with 
€350/m3 would be € 7.84 Mio

Total costs without CO2 costs

RTO
[€/a]

RTO

[€/m
3
]

MDF-VOC
[€/a]

MDF-VOC

[€/m
3
]

Difference
[€/a]

Difference

[€/m
3
] Difference

USA 5.722.192            11,4 12,25 675.750               1,35 5.046.442            10,1                     

Spain, Portugal 11.792.800          23,6 810.900               1,62 10.981.900          22,0                                                           6.122.745 

Germany 11.656.800          23,3 720.800               1,44 10.936.000          21,9                     

Operating emissions for off-gas cleaning
RTO
[t/year]

MDF-VOC
[t/year]

Difference
[t/year]

Difference
[t/m3] Remarks

Carbon dioxide

      USA, total 41.811                 n.a. n.a. 4.145                   n.a. n.a. 37.667                 0,075

         from natural gas 35.555                 n.a. n.a. -                      n.a. n.a. 35.555                 

         from electrici ty 6.256                   n.a. n.a. 4.145                   n.a. n.a. 2.111                   

      Spain, Portugal 38.003                 1.622                   162.180               36.381                 0,073

         from natural gas 35.555                 -                      35.555                 

         from electrici ty 2.448                   1.622                   826                      

      Germany 40.995                 3.604                   37.391                 0,075

         from natural gas 35.555                 -                      35.555                 

         from electrici ty 5.440                   3.604                   1.836                   

      Poland 8.541                   

         from natural gas -

         from electrici ty 8.541                   

Additional NOx  [t] 400                      -                      400                      

CO2 emissions MDF plant without gas 
cleaning (*)

Electricity 
MDF*
[MWh/year]

Electricity 
MDF*
[€/year]

MDF*
[t CO2/year]

CO2
[t/m3] Remarks

USA 120.000               9.000.000            55.200                 0,110

USA PacifiCorp West 120.000               24.000                 0,048

Spain, Portugal 120.000               10.800.000          21.600                 0,043

Germany 120.000               9.600.000            48.000                 0,096

Poland 120.000               113.760               0,228

CO2 emissions MDF plant total (scope 1&2)
MDF*
[t CO2/year]

CO2
[t/m3]

MDF*
[t CO2/year]

CO2
[t/m3] Remarks

USA with RTO Southern Company Services (USA SE) 97.011                 0,194

USA withRTO PacifiCorp West 65.811                 0,132

USA with scrubber or biofilter and MDF-VOC 59.345                 0,119

USA with scrubber or biofilter and MDF-VOC
PacifiCorp West 28.145                 0,056

Spain, Portugal 23.222                 0,046

Germany 51.604                 0,103

Poland 60.145                 0,120

Transport Hamburg New York (Carboncare.com) 0,078 Baruth-Hamburg-New York

IKEA target 
CO2
[t/m3] Remarks

FY 2022 climate report 0,640

Off-gas volume: 1.000.000 m3/h
500.000 m3/a MDF

Cost
Price [€/kWh] RTO [kW] RTO [€/a] RTO [€/m3] Bioscrubber + 

Classen [KW]
Bioscrubber + 
Classen [€/a]

Bioscrubber + 
Classen [€/m3]

1) Electricity 0,075                  1.700          1.020.000                     2,04                  1.126              675.600                     1,35 
2) Natural gas 0,017                22.000          2.992.000                     5,98                         -                           -                           -   

3)
Wash down & burn 
out          1.680.000                     3,36                         -                           -                           -   
Summe          5.692.000                  11,38              675.600                    1,35 

Data: EIA.gov, south atlantic Difference: € 10,03/m3
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3) Revenue from Turpentine Production

Turpentine = essential oil from pines 

Price depends on composition (a-pinene, b-pinene content) 

Turpentine is a sought after renewable raw material:
• Flavour and fragrance industry
• Chemical industry: tires, adhesives, ink
• Sustainable Aviation Fuel (SAF)

Turpentine recovery system (MDF-T) in Baruth will come 
onstream in 2025 to give 1200 tonnes per year of turpentine

Amortization time well under 2 years 

Revenue: € 3…8/m3 MDF
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Softwood: turpentine composition and yield

• Turpentine composition and yield are compiled from all over the world

• Additional data is generated by steam distillation in lab

• Evaluation of quality by

o Yield [kg turpentine/ t dry wood]
o a pinene and b pinene content
o Quality factor = a, b pinene content relative to

Pinus eliottii from Brasil

Projekt: Turpentine composition and yield
Datum: 27.05.2024

Autor: Hölker, Buchholz, Bungert

R01

Tree Botanical name Region
source 
wood

source 
branches

source 
needles a-Pinene Camphene b-Pinene D3C

b Phellan-
drene Limonene

Terpino-
lene

a+b 
content

Yield
[kg/t dry] Season Influence factors Remarks Author

Balsam Fir Abies Balsamea Canada East 35 1 13 5 48 3,10 - - - Drew 1966

Balsam Fir Abies Balsamea Canada Quebec x 14,3 7,2 42,4 17,7 9,1 9,0 56,7 5,50 Garneau 2014

Subalpine Fir Abies Lasiocarpa
USA Northwest, 
Canada Southwest x 0,4 0,8 1,2 0,8 0,8 1,2 0,49 - - - Drew 1966

Tamarack Larix Laricia Canada Southeast x 15 1 28 10 3 2 43 0,40 - - - Drew 1966

Western Larch Larix Occidentalis USA Northwest x 27 0,5 1,9 49,2 0,8 1,6 1,9 28,9 2,17 - - - Drew 1966

Engelmann Spruce Pecia Engelmanii USA Northwest x 23,2 1 19 21 5,3 4,2 2,1 42,2 0,59 - - - Drew 1966
White spruce Picea Glauca Canada throughout x 32 22 3 16 54 0,21 - - - Drew 1966
White Spruce Picea Glauca Canada Quebec x 22,1 13,6 37,1 4,0 4,2 16,5 1,1 59,2 2,34 Garneau 2012
Black Spruce Picea Mariana Canada x 11,3 9,3 0,4 0,5 21 0,24 - - - Drew 1966
Black Spruce Picea Mariana Canada Quebec x 27,4 34,9 5,5 12,4 2,1 8,7 32,9 2,87 Garneau 2013

Sitka Spruce Picea Sitchensis Pacific West, Oregon x 12,8 7,9 31 8 21 0,43 - - - Drew 1966
Jack Pine Pinus Banksiana Canada Southeast x 62 2 28 1 3 90 2,70 - - - Drew 1966
Caribbean Pine Pinus Caribea Uganda x 27,6 1,6 0,6 2,1 38,6 28,2 2,87 - - - Kirimaa 2020
Caribbian Pine Pinus Caribea Caribeans x 40 2 2,5 3 45,5 0,8 0,3 42,5 3,60 - - - Drew 1966

Caribbean Pine Pinus Caribea Malaysia x 70 1,4 5 0 3 8 0,15 75 - - - - Jantan 1999
Sand Pine Pinus Clausa Florida x 29,6 1,8 54,2 6 84 1,63 - - - Drew 1966

Lodgepole Pine Pinus Contarta
New Zealand, USA 
Northwest x 4,7 0,5 2,1 20,7 60,2 7 1,77 - - - Drew 1966

Pinus Devonia Pinus Devonia Lindl. Mexico x 43,0 1,6 35,5 0,5 3,9 0,1 78,5 2,50 hardly used as commercial woodGuillén 2015
Shortleaf Pine, Yellow Pine, Southern 
Pine, Arkansas Pine, shortleaf yellow 
pine, southern yellow pine Pinus Echinata USA Southeast x 58 2 32 1 1 4 90 2,89 - - - Drew 1966
Slash Pine Pinus Eliotii USA Southeast x 62,2 1,4 20,6 1,7 8,1 1,7 0,4 82,8 4,61 - - - Drew 1966

Slash Pine Pinus Eliottii Ganzhou, Jiangxi, CN x 60,5 0,7 33,7 1,2 94,2 - August Lai 2020
Slash Pine Pinus Eliottii Jian, Jiangxi, CN x 63,8 0,6 30,9 1,0 94,7 - August Lai 2021

Slash Pine Pinus Eliottii
Jingdezhen, Jiangxi, 
CN x 62,8 0,7 31,2 1,0 94,0 - August Lai 2022

Spruce pine, white pine, cedar pine, 
poor pine Pinus Glabra USA Southeast x 41 1 44 1 2 6 0,4 85 3,80 - - - Drew 1966
Aleppo Pine Pinus Halepensis Greece x 90,9 0,7 0,7 0,8 0 1,2 0,3 91,6 - August oleoresin production Karanikas 2012
Pinus Keysia Pinus Insularis Malaysia x 91 2 1 0,1 3 1,5 0,8 92 - - - - Jantan 1999
Sugar Pine Pinus Lambertiana USA California x 24,6 1,4 14 7 0,8 5,7 1,4 38,6 2,17 - - - Drew 1966

Sumatran Pine Pinus Merkusii Malaysia x 79 0,7 4 5 2 8 2 83 - - - - Jantan 1999
Sumatran Pine Pinus Merkusii Indonesia x 78 1,2 1,9 15 1,7 0,7 79,9 - Altitude, Latitude Sukarno 2015

Western White Pine Pinus Monticola
USA, Canada, 
Westcoast x 49,6 1,8 5,7 0,4 4,2 55,3 0,79 - - - Drew 1966

Egg-cone Pine, Mexican yellow pine Pinus Oocarpa Schiede Mexico x 72,8 1,7 4,8 7,4 77,6 3,20 commercial  us e, national  tree of HondurasGuillén 2016
Longleaf Pine, Southern Yellow pine, 
Georgia Pine, Pitch Pine Pinus Palustris USA Southeast x 71 1 21 1 92 13,40 - - - Drew 1966

Maritime Pine Pinus Pinaster Spain x 75,7 0,7 20 1,8 0,5 95,7 - June, Septemberplus trees no influence of s eason Arrabal 2002
Ponderosa Pine Pinus Ponderosa USA westcoast x 10 1 17 36 2 2 27 3,20 - - - Drew 1966

Monterey Pine Pinus Radiata New Zealand x 2,15 February Season Weston 2007

Monterey Pine Pinus Radiata New Zealand x 23,3 0,4 64,3 0,1 1,9 0,5 87,6 - 13 year old McDonald 1999
Monterey Pine Pinus Radiata New Zealand x 33,4 0,5 62,2 0 0,43 1,0 0,25 95,6 0,95 McDonald 1998
Monterey Pine Pinus Radiata New Zealand x 20,1 6,9 61,0 1,0 81,1 0,45 23 year old Suckling 2005

Red Pine Pinus Resinosa
USA Northeast, 
Canada Southeast x 80 2 10 5 90 3,26 - - - Drew 1966

Pond pine Pinus serotina USA Southeast x 12,5 0,5 4,5 3 15,9 56,1 17 3,13 - - - Drew 1966

Eastern White Pine Pinus Strobus
USA North East, 
Canada Southeast x 67 3 18 1 85 3,40 - - - Drew 1966

Scots Pine Pinus Sylvestris Finland x 28,9 0,5 3,0 49,0 4,0 7,7 31,9 - October Latitude influences  aP, D3C content Manninen 2002 
Scots Pine Pinus Sylvestris Finland x 46,0 1,0 5,9 27,0 7,9 5,0 51,9 - October Latitude influences  aP, D3C content Manninen 2002 
Scots Pine Pinus Sylvestris Finland x 34,4 0,6 3,2 43,3 5,5 6,2 37,6 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 41,3 0,9 3,1 31,4 12,3 4,7 44,4 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 42,2 0,8 2,9 32,0 11,8 4,3 45,1 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 41,5 0,8 4,0 33,2 9,6 4,8 45,5 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 41,3 0,8 2,9 32,5 11,4 4,8 44,2 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 47,3 0,9 3,8 23,8 15,0 3,4 51,1 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Finland x 50,5 1,1 4,8 19,4 15,6 3,1 55,3 - October Latitude influences  aP, D3C content Manninen 2002
Scots Pine Pinus Sylvestris Germany x 47,1 1,2 2,9 31,5 0,0 4,5 2,8 50,0 3,80 - - - Bungert 2024
Loblolly Pine, Southern Yellow Pine Pinus Taeda USA Southeast x 64 1 28 2 2 92 3,20 - - - Drew 1966
 Virginia Pine, Jersey Pine, North 
Carolina Pine, Spruce Pine Pinus Virginiana USA, East, Northeast x 62 2 26 2 1 2 2 88 20,00 - - - Drew 1966
Douglas Fir Pseudotsuga Menziesii USA westcoast x 58,4 2,4 4,2 2 2 6 2 63 2,40 - - - Drew 1966
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Business case examples: MDF Turpentine from 6 locations 

• For purposes of illustration only

• A hypothetical price* was calculated from the (a+b pinene) content based on

• 14 year average price index for Brasilian Gum Turpentine

• Source: Comexstat, Brazilian foreign trade statistics

• BT = $ 2300/ ton (€ 2150/ton)

• Price = Quality factor * BT

• Busines cases:

1) Baruth Germany (500,000 m3/a; Pinus Sylvestris)
2) Brasil (600,000 m3/a; Pinus Eliottii)
3) USA (300,000 m3/a; Pinus Eliottii)

(300,000 m3/a; Pinus Taeda)
4) Australia, New Zealand (300,000 m3/a; Pinus Radiata)
5) Portugal, Spain (300,000 m3/a; Pinus Pinaster)
6) Turkey (880,000 m3/a; Pinus Sylvestris)

* No business information, only meant to assess an order of magnitude
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Comparison of 6 busines cases

• All cases are interesting for the MDF industry to start turpentine recovery

* No business information, only meant to assess an order of magnitude

Nr. Site pine 
MDF
m3/a

Wood
t/a

Turpentine
kg/t

Turpentine
t/a

(a+b)/
(a+b) e

Turpentine
€/t *

Estimated*
Revenue [€] €/m3 MDF

1
Baruth,
Germany

pinus 
sylvestris 500.000    400.000    3 1.200         0,55 1.183         1.419.000     2,8               

2 Brasil
pinus 
eliottii 600.000    480.000    4,6 2.208         1,00 2.150         4.747.200     7,9               

3 USA
pinus 
eliottii 300.000    240.000    4,6 1.104         1 2.150         2.373.600     7,9               
punis 
taeda 300.000    240.000    3,2 768            1,02 2.193         1.684.224     5,6               

4 Aus, NZ
pinus 
radiata 300.000    240.000    1,7 408            1,09 2.344         956.148         3,2               

5
Spain, 
Portugal

pinus 
pinaster 300.000    240.000    4 960            1,02 2.193         2.105.280     7,0               

6 Turkey
pinus 
sylvestris 880.000    704.000    3,5 2.464         0,68 1.462         3.602.368     4,1               
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Data analysis of MDF plants worldwide
• Detailled list of (all) MDF/ HDF plants weltweit N = 178 (without China, Russia, 

Belarus)
• Data: Capacity, gas treatment, wood mix, pine species
• For 78 of 178 plants wood mix and pine species is known
• Europe turpentine (VOC) potential = 20.000 t/a
• Worldwide turpentine (VOC) potential = 120.000 t/a
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Data analysis of MDF plants worldwide
• Detailled list of (all) MDF/ HDF plants weltweit N = 178 (without China, Russia, 

Belarus)
• Data: Capacity, gas treatment, wood mix, pine species
• For 78 of 178 plants wood mix and pine species is known
• Europe turpentine (VOC) potential = 20.000 t/a
• Worldwide turpentine (VOC) potential = 120.000 t/a
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Application for OSB, Particleboard, Pellet

Concept: additional predryer can remove essentially all the terpenes. 

Size is 5-10% of main dryer

Development on pilot-plant scale (20 kg/h) succesfully demonstrated

VOC emissions reduced drastically

Additional benefit: reduction of interior emission of terpenes, organic 

acids and their decomposition products (e.g. hexanoic acid, hexanal)

Partner for industrial development wanted
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IED
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