malter

materia & energia da rifiuti
matevials & energy from refuse

WTERT 201
Columbia
18 — 19 oc

onference

i,  POLITECNICO
GEXSS\ DI MILANO

ersity, NY
er 2012

"ooad

Po— /%
'ﬁfg (: . ;;;‘.{'L'\i . :

LE

ULTRAFINE AND NANOPARTIC
EMISSIONS FROM WTE PLANTS

Stefano CERNUSCHI, M. Giugliano, S. Ozgen, G.
Ripamonti
DIIAR Environmental Section




Gl POLITECNICO
AEFE~Y DI MILANO
g bl

Ultrafine (UP) and nanoparticles (NP)
O Dimensions < 0,1 um (UP) --0,05 um (NP)
O Main environmental concerns = nanotechnologies,
nanomaterials, indoor exposures

O Recent attention to combustion emissions

e most data available for vehicle exhaust

e limited investigations for stationary sources

o few studies for WTE plants
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Ultrafine (UP) and nanoparticles (NP)

O Measurement issues
e no standard protocol
e significance in terms of number rather than mass

e contribution of condensable fraction from semivolatiles
driven by atmospheric gas dilution
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|WTE emissions

ULTRAPART project

O Characterization of ultrafine and nanoparticle emissions
from stationary combustion sources
e waste to energy plants

e residential boilers fuelled with biomass, light fuel oil and
natural gas

O Particle number concentration and size distribution

O Evaluation of the condensation effects by diluting and
cooling the exhaust gas prior to. measurements

S. Cernuschi - Ultrafine and nanoparticle emissions from WTE plants
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|WTE plants evaluation

Sources investigated
O Urban and commercial waste
O 5 plants, capacity 600 - 1200 tpd
O BAT design for flue gas treatment
e dry removal + SCR (2 plants)
e dry/wet removal + SCR (1 plant)
e dry/wet removal + SNCR (2 plants)

Measurement campaigns
O Hot sampling
O Dilution sampling
e low: DR =15 = 20
e medium: DR = 25 = 40
e high: DR = over 40
O Ambient air

S. Cernuschi - Ultrafine and nanoparticle emissions from WTE plants
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J_WTE 1 - Dry with final FF (170°C
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J_WTE 1 - Dry with final FF (170°C)

Size fractions
0 0,007<dp<0,05 W 0,05<dp<0,1 O 0,1<dp<10um
100% 93%

! 709, 84%
0

60%

40%
23%

0
20% 16%
0% N |

0 15-20 25-35 40-55

Dilution ratio

Size fraction (%

S. Cernuschi - Ultrafine and nanoparticle emissions from stationary combustion I_I . Q) mater 8



| WTE 1 - Dry, FF at 170°C

Size distributions

TN: 4.9-103¢cm?3

TN: 1.4-104cm™3
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J_WTE 2 - Dry with final FF (13
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J_WTE 2 - Dry with final FF (13

Size distributions
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_LWTE 3 - Wet/dry
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N| WTE 3 - Wet/dry
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_LWTE 3 - Wet/dry

Size distribution

TN: 2.7-10*cm?3

TN: 6.4-10*cm3

S. Cernuschi - Ultrafine and nanoparticle emissions from WTE plants

BE Pl s




Wiz, POLITECNICO
IGxE-\ DI MILANO
icaWl

J_WTE 4 - Wet/dry

Number concentration (particles cm-3)

1-107 3 , ; —
1 Ambientair s+ Hot sampling | Dilution sampling : Dilution

' | - + sampling

! ! . Reduced feed
- " | T - rate
= : ' |
S . ' T : Average|= 2.1:105 |
= 110° 3------------- ek R e R bbb bbb b Y Bt
= : i :
= " : 4 3 +H5 i 4 JE+HDS
g : i [ |
N i
= : ' : 1
L . ! 1.5E+05 .
S 1105 4 ------------- L SEEE— I e I BEHBA- - - - - - -
=] b 1 [ ] ! i
Q : 1 ! I
5 : | EI:\ |
Q 1 : 1
E : I :
= : : - :
ke 1-10% f------------- - - - - - R L C R R SREEEEEEREEEE
.C_‘) i : i
£ @Eﬂ'&: | \
< I : |

! ! :

1-103 ! — . — ;
0 10-40 40-60 60-110 40-60

Dilution ratio

S. Cernuschi - Ultrafine and nanoparticle emissions from stationary combustion I_I - % mater

16




ST POLITECNICO
dEx=~Y DI MILANO
3
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J_WTE 4 - Wet/dry
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WTE 5 - Wet/dry @

Size distributions
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| UP chemical characterization

WTE ultrafine fraction chemical composition

Al Ti, V, Mn,
Co, Cu, Cd ND Cr
Pb 0,7% 13.0% 27.4%
0,1%

NO;
10,5%

Background air

TC: total carbon; ND: unidentified Ultrafine fraction chemical composition

cr NOy NH,*
ND L) 4 60/0
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TC
Cu Zn 37,4%

Pb 0,2%
[1)
0,2% 0.1% 0 TC: total carbon; ND: unidentified
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NP chemical characterization

||
WTE nanoparticle fraction chemical composition
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Conclusions

B . .
O Stack particle number concentrations

e effects on concentration levels arising from fractions of condensable
origin

e influence of flue gas treatment process configuration (scrubber, T
baghouse)

e generally comparable or slightly higher than ambient air

e very high capture efficiency for FF: = 97% for NP+UP, 98-99,9% for FP
(0,1 - 1 pym), both for primary than for condensable particles

O UP and NP fractions largely prevailing in size distributions for all
sampling conditions

O Chemical characterization

e in accordance with waste composition and combustion process influence
(presence of chlorides, Fe, Zn, Cr)

S. Cernuschi - Ultrafine and nanoparticle emissions from WTE plants
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Conclusions

B | [ |
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com paratlve assessment — emission factors
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