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Comparative study on environmental friendliness of drinking straws with different materials under the background of
plastic ban  SHAO Yating , XU Ling , CHEN Yu.(School of Environmental Science and Technology, Dalian
University of Technology , Key Laboratory of Industrial Ecology and Environmental Engineering  MOE , Dalian
Liaoning 116024)

Abstract: Small drinking straws with light weight and wide range of use were taken as research objects under
the background of the plastic ban. The environmental friendliness of PP straws, PLA straws and paper straws was
compared by using life cycle assessment (LCA) method from aspects of production, transportation and treatment
stages,and the carbon footprint was discussed. The total environmental impact of the three kinds of drinking straws
showed PP straws>>paper straws_>PLA straws. Compared with PP straws, the total environmental impact of PLA
straws and paper straws decreased by 53.86 % and 32.41% , respectively. PP straws had the greatest environmental
impact in the production stage,while paper straws had the greatest environmental impact in both transportation and
treatment stages. The total carbon emissions of the three kinds of straws showed paper straws>> PP straws>PLA
straws. The carbon emission of PP drinking straws was 2.5 times that of PLA straws. It was concluded that the
environmental {riendliness of the degradable straws could be improved by reducing the weight of the paper straws,
increasing the intensity of garbage classification, improving the proportion of incineration, and controlling the
transportation distance of the products,
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Table 1 The main characteristics of drinking straws with different materials

LoD PP Rk PLA %% R E
FEHME PP PLA 4 B YL
A& ®7.0 mmX210 mm ®6.6 mm X210 mm ®6.0 mm X197 mm
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Table 2 Life cyele inventory for producing 100 million drinking straws
HiH pr g PLA TR & 4R R
PP/t 62.40
PLA/t 61.00
ARG/t 108.34
(ERET TN 0.9
WA T/t 0.12
B/t 0.67
TR 88/t 0.14
K/t 125 26 240
B, /(kW - h) 36 000 19 200 16 67
A B b BB ke 14.40 14.64 5.17
L/t 0.006 0.001 0.960
COD/kg 30.00 8.10 7.70
" HE/ kg 2.40 0.73 0.17
BOD; /kg 4.86
KPP BEY/ ke 6.48
— B Tl [ AR R /¢ 2.03 1.43 2.52
fa Y/t 0.48 0.06 0.26
F 3 CML 2001 45 2 22 0 25 51 B B ip
Table 3 Impact categories and units of CML 2001 model
0 2 5 E:-Rivd W2 5 BAr
IF 4 Yy BT R FE 9 Y B (ADP.) kg (L Sb 4 &) AEFHHTD) kg(BLZEH R Y E)
e IHFEAL A FIR (ADPD MJ WHEKESTEMEMAETP) kg(Ul ~EEHYE)
& 1L ¥ BB (AP) kg(L SO, HYE) REFEIFWERE(ODP) kg(LI—R =& Py 4 &)
KR E B IR BE(EP) kg(LA POI™ ¥ &H oAb I F 2 R BB (POCP) kg(AZ 40 4 &)
WRAKKERF M (FAETP) kg(AZEHX N Y E) Fili A= 25 =% (TETP) kg(UL S HFERYE)
GWP kg( CO, H¥HE)
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Table 4 The environmental impact potential of different

material drinking straws under each impact category

EALE PP % & PLA W& 4C IR
ADP. 4.24X10710 1.46X107* 2.83X 10710
ADP; 7.90X 1078 4.13X1078 1.60X 1078
AP 6.21X107° 1.23X 1078 7.14X1079
EP 1.45X107° 5.33X107° 3.72X107¢

FAETP 3.70X107° 4.17X1078 6.39X10710
GWP 5.27X1078 2.10X1078 7.37X1078
HTP 2.17X1078 1.70X 1078 1.12X1078

MAETP 2.81X1077 6.03X1078 1.87 X107
ODP 1.06X10717  —1.57X1071  1.50X 10712
POCP 5.22X107° 6.50X107¢ 5.64X107°
TETP 2.45X107° 3.66X107° 1,10X107°
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Fig.3 The environmental impact potential at different
stages of drinking straws with different materials
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production stage

MrEmERAYY, 5SHMAMERSYMELEL,
PLA A =it 857 A B = R HEBOCE 2D I FE 1Y
SR FE A BB VR sk 20, B X POCP. AP EP % I3
K., BRAEPFHBEAREFAEMNBERS (HE
SR IZ B BRI E 1) R s
2.1.2 BHE

sk e fE 5 nTLIEH, B8 B 3 kg
A B PR R R 4UR A > PLA IR . PP WE,
MR KR E MAETP, 3 f4S 5935 % % B
) A 7 2 ) S5 B B, WA TR A IR ) — 52 m 26 5]
B R BE R A B I AR . AH R B BB AR TR
WIRERRER R, NI AW ERRE.
MAETP.ADP,.GWP i = £ &2 A iz i fr B L
He -4k A SR A S R A A R R B 7 A TR
AR A A R, R AR 2 R DA T R AR W)
oM RURE , HLR A R AR BR B B B i AL L — Ak
B HE T L BB & v A DL B TR AR R R A,
POCP £ A fifE.

%6 5 M BRSBTS FR B R N A

Table 5 The environmental impact potential of drinking Table 6 The environmental impact potential of drinking
straws with different materials in the production stage straws with different materials in the transportation stage
A e PP W & PLA W& i E=g il 25 3 PP R PLA R%& IR

ADP, 3.97X10710 1.50X107° 6.08X1010 ADP, 7.99x1012 7.99X10712 1.41 X101
ADP; 7.69X10°8 4,05X10"¢ 1.25X 1078 ADPs 1.34X10°° 1.34X107° 2.36X10°
AP 5.52X107° 1.25X 1078 6.04 X107 AP 3.18X10710 3.18 X101 5.61X1071°
EP 1.04X107° 3.87X107° 2.70X107° EP 1.28 X101 1.28X 10710 2.26X10710
FAETP 3.59X107? 4.17X1078 5.25X10°1° FAETP 8.13X107 11 8.13X10°Y 1.44X10710
GWP 2.63X108 1,18X10°8 4,53X10°8 GWP 1.19X107° 1.19x107° 2.10X107°
HTP 2.11X1078 1.81X10°8 1.44X10°8 HTP 2.94X10710 2.94X10°1%¢ 5.20X 10710
MAETP 2.70 X107 1.80 X107 1.17X10°7 MAETP 3.01X10°° 3.01X107° 5.32X107°
ODP 9.93X 10718 6.65X10718 4,71X107 1 ODP 2.39X10% 2.39X107% 4.23X1072%
POCP 5.77X107° 6.74 X109 4,85X107° POCP —7.65X107% —7.65X1071° —1.35X107°
TETP 2.16 X107° 3.48X107° 7.08X10710 TETP 7.56xX101 7.56X10~1 1.34X1071°
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Fig.5 The proportion of each impact category of
drinking straws with different materials in the
transportation stage
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Table 7 The environmental impact potential of drinking
straws with different materials in the treatment stage

120
i —e— PP
100 § . PLATEAS
o A\ e SR
60 |\ /\
2 © [\ .
= 20 6 r’l ‘\
= 5 A .l” / \\
= 7N /o \\
\‘!‘ - = .r'r ‘i .-‘A"x_
0 freeeeens R —"'l__": feseieseioicas A ',-...'fi?.-..-.-.i::g-.=._:_:; - 3
\, _,.f\‘_.,—
-5 ‘~.H/
EEEEER R
= 2 2 4 8 % © g H
= 3]
EALEF

6 LEMBRARMFRRE S MR L5
Fig.6 The proportion of each impact category of
drinking straws with different materials in the
treatment stage

X E Sy A B 4R SR £ 4 R, SRR T L
B TR A ke 1 AR T S DT o A A i B A 3R 33
e E, B4 GWP,.MAETP. ADP;, AP %:3% 7
FREERE R ERE. GAKE,PLA RETE

PEbe HIRAL & o A2 R B B L F PP R A 4R %
(=g
2.2 BV AR R E R M

4% CML 2001 A2 3H5845 R g GWP $5 b it

T 317, 3 LR A4 T HE R R R By« 4R R
H>PP IRH >PLA W, 0 PP REHHHEER
PLA WA H 2.5 {5 (WL.3€ 8), PLA &=L B K
BrENBERBHRER IS HMREP RS K
PLA MREEHAE 5 5% 1k 4K IS AH H,z.s%%iﬁ?jéﬂm
F, BASRBE B By % E 3SR, 25

S PP PLA BB LRE — ‘
753 PL i 5 b i
ADP, 1.92X10° 11  —4.43X10-1 —3.38X 1010 A PLA 7™ e GWP T R fEAb B 7 A2
i g
ADP; 7.45X10710  —5.39X1071  1.07X107° Lo
AP 3.73X10710  —4.83X 10710 537X 10~ 10 SR LRE IEE Y BOS R E B HER Y B,
EP 2.88X10710  133X107¢  7.98X 10710 PP R IRINE 5 PLA W i3 W Bt ik He 2 5
FAETP 2.87X10711  —363X1071 —2.99X10~ 1 ttﬁ:}“j’gﬂﬂﬂ 2.25V\2.85%\5.67V0 3 ﬁw%ﬁ;}%ﬁkﬁk
GWP 2.53%X 1078 7.98X 1079 2.63X1078 . R =
; PP k45 4R E 5 PLA
HTP 3.26 X107 —1.44X107% —3.67X107? E’Ji%l& B2 B RE KBTS
Mpe B3, A 0 0 0
MAETP  7.49X107° —1.23X10~"  6.46X10* W BHE R & L B0 49.81%6.61.40%0.56.24 %,
oDP 6.61X1071  —1.64X10711  1.45X10712 . "
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Table 8 Carbon emissions of different material drinking straws kg
—ry it BB
W oyl =" 1 5 B B e o
PP & 119 060 5382 113 000 1610
IR E 204 902 9518 68 000 51 300
PLA & 53 431 5 382 18 100 18 100
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