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Reduction of pentane emission from EPS production
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Danish air pollution regulation
for pentane emission

Emission
concentration
max: 300 mg/m?3

If pentane mass flow
> 6,25 kg/hr

Plast
Industrien

Immission contribution value
(C-value):
Max: 1 mg/m?3(99 % percentile)

6,25 kg pentane/hr. =
6,25/0,06 = 104 kg EPS/hr.
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Plast

Regulatory compliance for EPS facilities Industrien
Facility Categori <300 > 300 Compliance
mg/m3 mg/m3

1 Large Package X NO

2 Medium Package (X) (X) ?

3 Medium Package X NO

4 Medium Block X NO

5 Large Package X NO

6 Small Package X NO

7 Medium Block (X) (X) ?

8 Large Block X NO

9 Large Block X NO

10 Large Block X NO

11 Medium Package X NO

12 Medium Package X NO

13 Large Block X NO
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Agreement with DEPA

Plast
Industrien

Project to find best practical and economic solution for pentane reduction

2006 | 2007 2008 | 2009 |
| | | -
Experience from other countries, emissions Compliance by 01/01 2010
and reduction technique
TOC measurements for two Danish EPS
facilities (Package and Block) :
Installations of
Assessment of pentane reduction technique pentane control
: . Pilot test equipment in
Experience from other companies in Europe . . Danish EPS
. . Financigly facilities
Contact to alternative suppliers || Problems » supported by >
of pentane reduction technique || for test DEPA
Recommendations
for facilities
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ﬂ Plast
TOC measurements Industrien

Example from EPS Package production - preexpander and aging storage
mg/m? Forskumning og silolagre
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” Plast
TOC measurements Industrien

Example from EPS Package production - preexpander

mg/m3
8.000 -

Forskummer dampafkast
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TOC measurements

Example from EPS Package production — room ventilation

mg/m3

50 |
40 -
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Haludsugning. Bleeser pa Trin 1: 19.400 m3/h

V4

Plast
Industrien
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Plast
Industrien

TOC measurements

Example from EPS Block pro

g/m? Pentan emission fra Forskummeren den 3. august 2006
4
ﬂ —— Forskum1
3 —— Forskum2
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ﬂ Plast
TOC measurements Industrien

Example from EPS Block —

mg/mé
3.500
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ﬂ Plast
TOC measurements Industrien

Example from EPS Bloc

mg/m3 Pentan koncentration fra skaeremaskine
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Industrien

ﬂ Plast
EPS Package
300 kg EPS/hr. = 300 x 0,06 = 18 kg pentan/hr.

Source % of Pentan Air flow Conc. % af LEL
content | emission m3/time mg/m3 (41.500
in raw Kg /hr. mg/m3)
material

Preexpander 25 4,5 2.000 2.250

Aging storage 20 3,6 2.000 1.800

Molding 15 2,7 2.000 1.350

Room ventilation 15 2,7 10.000 270

Left in product 25 45

TOTAL 100 18

Total 60 10,8 6.000 1.800

- room ventilation

- in product
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Plast
EPS Block ﬂ Industrien

1.000 kg EPS/hr. = 1.000 x 0,06 = 60 kg pentan/hr.

Source % of Pentan Air flow Conc. % af LEL
content | emission m3/time mg/m3 (41.500
in raw Kg /hr. mg/m3)
material
Preexpander 35 21 5.000 4.200 10
Aging storage 10 6 4.000 1.250 3
Molding 15 9 2.000 4.500 11
Room ventilation 10 6 20.000 300
(Cutting) 5 3 2.000 1.250
Left in product 25 15
TOTAL 100 60
Total 60 36 11.000 3.300 8
- room ventilation
- in product, - cutting
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Plast
Conclusion of TOC measurements ﬂ Industrien

-
=Z___ Pentane
_ i distribution
Source Package % of content Block% of content
in raw material in raw material

Preexpander 25 35
Aging storage 20 10
Molding (15) 15
Room ventilation 15 10
Cutting 5
Left in product 25 25
Possible reduction 45-60 60
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ﬂ Plast
Assessment of pentane reduction techniques Industrien
Technique Usefullness | Risk
(efficiency, assessment
economy)
Scrubbers - +
Carbon adsorbtion without regeneration s +
Carbon adsonbtion with regeneration - -
Bio filters, dry and wet systems - +
UV-ozone treatment - +
Thermal incineration - +
Thermal incineration combined with air recycling + -
Catalytic incineration (+) +
Thermal regenerative incineration + +
Thermal regenerative incineration with zeolite concentration unit (+) +
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LCA assessment of thermal inceneration

mg/m3
2000

Environmentally positive effect

1000

Environmentally negative effect
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Plast
Industrien

Assessment
used in USA

1. Recirculation
of air flow foll

2. Thermal rege
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Assessment of recirculation over aging storage

Plast
Industrien

Boiler inceneration

/*

Preexpander
Steam
»/ separation
Molding
=)
Fresh air
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Plast
Recirculation over silo storage — example for 6 facilities ﬂ Industrien

Energy consumption Nm? N-gas/ton EPS % LEL
100 100
80 80
60 60
a0 | Control area 1 40

P1 P2 P1 B2 B3 B4

P = Package B = Block
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Plast
Assessment of recirculation over aging storage ﬂ Industrien

Conclusion:
Method only usefull for closed un-manned aging storage systems
Method not usefull for Danish faciliteis due to high pentane concentrations

High pentane concentrations are caused by high energy efficiency
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Plast
Industrien

Assessment of systems without recirculation ﬂ

Autothermal conditions for incineration

Catalytic > 600 mg/m3

Thermal regenerativ > 1400 mg/m3

Thermal (for example in boiler) (without internal heat recovery)) (f.eks. i egen
kedel) > 20000 mg/m?3 — Risky (LEL = 41000 mg/m?3)

Concentrations < 600 mg/m?: use of zeolite based concentration unit
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Eksample with large block production ﬂ :=’Idas;tt |
1.000 kg EPS/hr. = 1.000 x 0,06 = 60 kg pentan/hr. haustrien

Mixing chamber

Preexpander
500 m3/time — 20.000 mg/m3

Condenser

Preexpander room rum
4.500 m3/time — 2.500 mg/m?3

Aging storage,
4.000 m3/time — 1.250 mg/m?3

b
e

Block molding
2.000 m3/time — 4.500 mg/m?

Condenser

11.000 Incineration
m3/time

3.300
mg/m?3
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Plast
Thermal reg. and catalytic inceneration ﬂ Industrien

Large block — optimized

mg/m3

5000

4000

3000

2000

I H
1000 - Catalytic

‘ Small package
(Zeolite concentration unit)

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Air flow, Nm3time planning connecting
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ﬂ Plast
Block production Industrien

— example with thermal regenerative incineration

Preexpander B
v Mixing
Condenser » | chamber
11.000
. »}— mM3/time » Th I >
Aging storage ?ﬁg?rgs reg;e;r'::earative L
Congo. . incineration
Heat recovery
Blockformer

Special issues to test:

Concentration management 2.000-10.000 mg/m?3 under production and in weekends
Condensation of water — risk of water pentane mixtures
Filtering to prevent dust from blocking regenrative unit

f Grontmij | Carl Bro
the future

© 2007, Grontmij | Carl Bro A/S



