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Abstract : Phytoremediation is a technology to mitigate the pollutant concentrations such as metals, pesticides, solvents, oils, or
others in contaminated water and soils with plants. The plants absorb contaminants through the root and store them in the root,
stems, or leaves. Rapid growth trees such as poplar are used to remove low concentrated contaminants eco-friendly and economi-
cally in a wide contaminated region. This study was practiced to evaluate an activated carbon production system by using poplar
wood discarded after phytoremediation. Life cycle assessment methodology was used to analyze environmental impacts of the
system, and the functional unit was one ton of harvested poplar. It was estimated that the small size rotary kiln for activated carbon
production from poplar wood had an environmental benefit in optimized conditions to minimize energy consumptions. The results
of an avoided environmental impact analysis show that the system contribute to reduce environmental impacts in comparison with
activated carbon production from coconut shell.
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Fig. 1. Phytoremediation by poplar to remove volatile organic compounds in Troutdale gravel aquifer groundwater ((@) Department
of Environmental Quality, Oregon), Phytoremediation by poplar ((b) Crookston, Minnesota) and the harvesting (c) Crookston,

Minnesota),

Table 1. Estimates of evapotranspiration rates by hybrid poplars
(re-citation)"”

Rate Source

100 to 200 L/day/tree (~26 to 53 gallon/

day) for 5 year old trees Newman et al. (1997)

100 L/day/tree for a 5 year old tree

under optimal conditions Stomp et al, (1994)

Sheldon nelson-workshop
on phytoremediation of
organic contaminants (1996)

13 gallons per day (estimated) when
trees are calculated as low-flow pum-
ping wells

1.6 to 10 gpd/tree (observed) sap flow
rates for young hybrid poplars at the
Aberdeen Proving grounds in Maryland

Compton (1997)

10~11 kg/tree/day (observed) in early
summer for 1-2 year old Eastern cotton-
woods growing in Texas

Greg harvey (personal
communication)

Ari ferro-workshop on
phytoremediation of organic
contaminants (1996)

40 gallons per day (observed) for 5
year old trees in Utah in the summer
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Fig. 2. Schematic diagram of activated carbon production system.
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Table 2. Feedstock characterization®

Parameters Value- Units Reference methods
name
particle size ( 3,15 mm 11 %  CENTS 15149-1:2006

X

particle size ( 3,15-16 mm 47
particle size ¢ 16-40 mm 42 %

(o]

particle size ) 40 mm 0 %
Bulk density 260 kg-m®
Humidity 58 %
Ash550C 506 %
Lignin 391 %DM
Cellulose 378 %DM
Hemicelluloses 75 %DM
- cal-g”
Low calorific power 4352 DM

CENTS 15149-1:2006
CENTS 15149-1:2006
CENTS 15149-1:2006
UNI'EN 15103:2010
UNI EN 14774-1:2009
UNIEN 14775:2010

Detergent method for total
lignin-Christian K R, 1971-
Fld, Stn. Rec. Div. Pl. CSIRO
10:29-34

Detergent method for total
lignin-Christian K R, 1971-Hd,
Stn. Rec. Div. P, CSIRO 10:29-
34+ASPA Van Soest: 1980

ASPA Van Soest: 1980

UNI EN 14918:2010

Table 3. Pre-treatment of activated carb

on production process®

Treatment Value-name  Units Comments

Treatment process 1 Chipping -

Machinery required r?:r”\?epsl?e% -

Manufacturer of

machinery Krone )

Characteristics:
MNAN-V8 engine, 16,16

Model of machinery  BIG x 700 - er'}';?;i cgzwzszr;g;t? 5
kW/hp, max, chopping
power 492/669 kW/hp

Machinery capacity 30 tons h'!

Surface performance 1 hah'

Input-diesel* 118 L ton™

Other input No -

Output-emissions - -

Other output No -

Treatment process 2 Drying - At 10% humidity

Machinery required  Static dryer -

Manufacturer of AGT-Adv, .

machinery Gas, Tech,

Model of machinery D1 -

Machinery capacity 6,650 ton year'1

Input-energy* 185 MJ

Input-heat* 1,666 MJ

Other input No -

Output-emissions No -

Other output No -

Process efficiency 70 %

*Reference value is 1 tonne of processed feedstock (10% humidity)
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Table 4. Commercial rotary kiln for using data collection by survey

Product Kiln dimensions Capacity ~ Rotation speed  Motor power  Total weight
specification  Diameter () Length (m) _ Obliquity (%) (t/d) (r/min) (kw) () Company
©2.5x40 25 40 35 180 0.44-2.44 55 149,61 HH
©2.8x 44 28 44 35 312 044-2.18 55 20158 HS
©2.7x 42 27 42 35 320 0.10-152 55 1985 v
©2.2x 45 22 45 35 106 021-2.44 45 1283 HD
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AR dxd dus AAANE QL EFHE, BET & si(classification) Aot £7E Fu5o] ZH7ke] Feo
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Table 5. Inventory of poplar-AC system

Material/process Value Unit
Poplar wood 1 ton

Material
Water 75 kg
Chipping 418 MJ

Input

Drying 1,851 MJ

Energy
Carbonization 216 MJ
Activation 127 MJ
Output Product Activated carbon 163 kg

) Abiotic resource depletion; A Al AL ul| A&F 7] & reserve-base =
o= RAlE Aunzel §et Ay

b) Acidification; AHd 35 F08= &4 oA
5 80,8 FFo s e

©) Eutrophication; -9 %315 F@3l= 5242 PO FHFOo =

d) Freshwater aquatic ecotoxicity; <=8
AETH E49 ¢S 1,4 DCBR YEl

¢) Global warming; CO,7} A& ¢3}of nj2]= o

w25 proton(H") 2

o AzoR 22t
of LA} AT U] Alolile AR sAske Ao
IPCC factor 0]-& CO,S 12 & o] CHs= 21, N,OE= 310, HFCs=

7000, SFe+= 23900 7] 3+

N Human toxicity; 7], =2 9 E%o] Hj& 5= o
o2& 932 1,4 DCBE Uehy

2 Ozone depletion; L £ 1H1|5l= &
LEFRREEVE

h) Photochemical oxidant creation; NO,4 VOC 5] efoFgAl 1} vt
SHoEzN dFd W A4 E ASHEE Ethene (C:Hy) S 7|22
At A ol JAAE

i) Terrestrial ecotoxicity; SAFAJE Al o] v] | &= F &2 slstA], A &35t
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Table 6. Environmental impacts of AC production from poplar

Impact category Unit Chipping Drying Carbonization Activation Total
Abiotic resource depletion 1/year 2 71E-02 8.87E-01 1.04E-01 6.21E-02 1.08E+00
Acidification kg SO2-eq 1.44E-04 4 31E-01 5,02E-02 3.02E-02 5.11E-01
Eutrophication kg PO,%-eq 9.84E-06 8.01E-02 9.34E-03 561E-03 9.50E-02
Freshwater aquatic ecotoxicity kg 1,4 DCB-eq 2 B5E-04 1.81E-02 2 12E-03 1.27E-03 2 18E-02
Global warming kg CO2-eq 7.02E-02 2 55E+02 2 97E+01 1.78E+01 3.02E+02
Human toxicity kg 1,4 DCB-eq 2 22E-04 5 69E-02 6.64E-03 4 21E-03 6.80E-02
Ozone depletion kg CFC11-eq 1.08E-10 5.86E-09 6.84E-10 4 11E-10 7.06E-09
Photochemical oxidant creation kg CoHs-eq 1.15E-05 1.76E-01 2.06E-02 1.28E-02 2 09E-01
Terrestrial ecotoxicity kg 1,4 DCB-eq 3.42E-09 1.03E-08 1.20E-09 9.56E-10 1.59E-08

Table 7. Avoided environmental impact of AC scenario

Environmental impact Avoided environmental

Impact category Unit

Poplar (this study) (a) Coconut shells (o) impact (a-b)
Abiotic resource depletion 1/year 1.08E+00 1.00E-01 9.80E-01
Acidification kg SOq-eq 5.11E-01 8.22E+00 -7 71E+00
Eutrophication kg POf’—eq 9.50E-02 4 93E-01 -3.98E-01
Freshwater aquatic ecotoxicity kg 1,4 DCB-eq 2 18E-02 1.95E+01 -1 95E+01
Global warming kg CO2-eq 3.02E+02 4 85E+02 -1.83E+02
Human toxicity kg 1,4 DCB-eq 6.80E-02 2 02E+02 -2,02E+02
Ozone depletion kg CFC11-eq 7 .06E-09 1.41E-04 -1 41E-04
Photochemical oxidant creation kg CoHa-eq 2 09E-01 7 .86E-01 -5.77E-01
Terrestrial ecotoxicity kg 1,4 DCB-eq 1.59E-08 4 46E-03 -4 46E-03
C = Z =Y ( (Load; » equ;;) 2) AFolA = S anE 4Hgstr] flste] ofzts YRR
g o AT AlzA A" S G FAsHT HolH=
e 7% DBE ol ga}olct ozt R E o4 A
T FTE SE RS AAE qznsu eyl avjmne A8 A, 28
suET = o & olg Lyt AN L) AYYFE AL 9R0E-
) . o 01/yr, A3} -7.71E+00 kg SOr-eq, -4 43} -3.98E-01 kg
vl SFeled s olgetel & 1SS UR s g =4 -195E01 kg 1.4 DCB-cq, 4T
2 gehs Aitshs A" g A= ¥ & . :
Mok Ak, AT | 08E+00/yr, VIS 5.11E-01 kg SOxeq, st -1.83E+0_2 kg COz-eq, QANA =4 -2.02E+02 k—g ‘of 1i4
b o338} 9.50E-02 ke POL- LA A 2 18E-02 k DCB-eq, 225317 -1.41E-04 kg of CFCl1-eq, 3F3}stAts}
33 . g 4 -eq, =78 4. g

1,4 DCB-eq, A|+&43} 3.02E+02 kg COs-eq, A=A
6.80E-02 kg 1,4 DCB-eq, 9 &217 7.06E-09 kg CFC11-
eq, I 3}8FAFSEAY A 2.09E-01 kg CoHa-eq, SAMAY B =4
1.59E-08 kg 1,4 DCB-eq= £ = 3l t}(Table 6).

ZEetE dy| R Yu B5stel BYHROR AT
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B4 577E-01 kg CoHieq, SAIEIEA -4.46E-03 ke
1,4 DCB-eq= A =% ch(Table 7).

dR=roll A= 19909 278 Ala ok
Agoto] e dE B Aste 9 4% euf4 s
WSlekA olgsha Glek H v|FAA L FE4,
o BoF @ At 0 AP ofyet o
(riparian forest buffer)& AdXx|5}o] 3FA
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