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Abstract: Due to their superior magnetism, electric conductivity, reaction activities, optical properties and so on, engin
eering nanomaterials are widely applied in microelectronics, catalysis, fuel cell technology, materials science, biotechnology &
medicine and other fields. However, combining with their excellent function and outstanding feature, their potential impacts
on the resources, energy, environment and human health are becoming concerns. It is of great significance for material
science development, environmental protection and sustainable development of ENMs to identify these impacts. As an

integrated and comprehensive evaluation method, life cycle assessment (LCA) is highly recommended to evaluate not only
their efficiency of resource and energy, but also their environmental impacts, which includes the various techniques,

processes and productions of ENMs. The aim of this paper is to review the existing research on life cycle energy consumption
analysis, environmental impact assessment and environmental release analysis of ENMs based on LCA methodology. The
challenges and issues in the research are summarized and the perspective of future research is also put forward.
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Table 1 Cases of energy consumption analysis on ENMs
ENMs / ANano Life cycle phases _ . Comparison ‘ _
Authors material Methods Functional unit th T™ Data sources Main evaluation content
wi
products E M U EOL
. . National statistics . ,

24] Nanoscale  plati- Hybrid LCA (1/ Total PGM de- . Analysis  of energy con-
Lloyd! vV VvV Vv . v (USA), litera- . :
(2005) num-group metal — O and process mand for the US wres . GaBi data sumption, economic cost

(PGM) LCA) vehicle fleet b ’ and environmental benefit
ase
Oster- Energy analysis of
‘121 Oxide arti- Cradle to-gat
walder! '3 IXI( S R VAR VA - radie o bla? 1 t nano materials - Public literatures  wet-chemistry or
les nergy analysis
(2006) o erierey analys dry processes
Kush- - 3 L
ush- CNT,  Fullerene Cradle to-gate 1 kg carbon nan- Lo Energy analysis in different
nirl 14 (Cor) VARV - lvsi el - Public literatures : Vt' )
60 energy analysis  oparticle production systems
(2008)
Khan-
Tllr; . s . Cradle-to-gate The same quality Literatures,
»20] arbon nanofiber
na Ao ano ?e A2 VAR Vo energy analysis  or equivalent vV engineering Cumulative energy demand
(2008 \ polymer composite ) _ !
and LCA stiffness strength information
2009)
Literatures
Fthe- Nano cadmium %:rd :res‘,
nakis! 22! telluride,, VARV - Process LCA 1 m? PV cell Vv zb ‘m:; 10ns5 Cumulative energy demand
(2009) nano silver ase Or.l
assumptions
Manufacturing
Kush- N aterials f
nilli[s19i lita;lnizrr:l]a erials for NARVIRVERY. Cradle-fo-‘glrafﬁz l(k?xf}}t storage B ;lzilme, tj%s?ng Enf;rg}f:malysis in each life
(2011) vehicle batteries energy analysis  capacity ata . reaction cycle stage
chemistry, ete.
Seneiil[17] Quantum dot pho- Unit  area o Available litera- Energy consumption,
Seng tovoltaics  ( QD- V.V V' = Process LCA vV ture and patent greenhouse gas
(2011) PV module
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Deorso- Nanosized MoS .
eorso. 2 1 g nanosized SimaPro 7 Eco- Energy consumption and
lal'8] particles for lubri- vV ovo- - Process LCA : -
(2012) MoS, particles invent data base greenhouse gas emissions
cants
Dahl- Literat E i ith
iterature ner; nsumption  wi
ben!2! Carbon nanotubes V'V - —  Process LCA A single wafer vV eratures, e.g.y consu p onw
(2013) LCA data base traditional materials
Pizzal'®!  Graphite - 1 kg epoxy-hased Data in labora-
\za Tap H? IV voo- V' Process LCA & ep'oxy ase - ata H‘l abora Energy consumption
(2014) platelets composites tory, literature
3 conventional reducing
Pati % 1 1d - Data in labora-
an Gold nanoparticle VvV V- - Process LCA Iflg goic nanop vV ala i fabora ents and 13 green reducin,
(2014) P articles tory e & &

agents energy demand

Note: E; extraction, M; manufacturing, U; use, EOL; end-of life, TM

HRIRRE I FE T Tk —4, HEH T ENMs
PRI 5 W VF O A B RS AR Ok TR R Y LCA A
H L2220 8 AR5 R T EIO—LCA 1R & 451 802 5
HET R LCA 5B A A A SRR 2 il Roes
i1 EIO-LCA IR-ARAINISE T 90Kk £ 2 A4k = Ff
TEGERRR LL I BREER I 5 283 AR ™, 328 43 3 7 b
PP Z , DHIHAR 22 BF AN (SO0 A K bR 1) 2 7 i i
OrBCt AT Y, b — 2 B8 T A i A B B
BOERIEERE I 072 3 30 Li e e sl 4 P B 4 K 4 A
AR AT T AR A I T RS

traditional materials

FL UL 2L ) A i JRLIB 0 S R R A SR B BRI T A AR
I, R A R AL S 6 BB, &,
FL Tt TS P A (W R BRI iy B ASE I 1) 509 0 S
PR B B AR RS B R RO AT AL 3, nk 2 o, H
HIRFZE Pl 2 89 8 SimaPro 4477 | A GaBi %X
{35 F0 BEES #5412 , T Ecoinvent AR 27 23 g fd
EEE ANk €L

IRBE R MR AR A SR P P B A0 R4, Ak
BARNBER AR ST, ZHAE LR A
A WSR2 ATUUE D, REVF5E ENMs 51500k



786 R e 5535 %
2 ENMs REH MR TIELS
Table 2 Cases of environmental impact assessment on ENMs
_ Life cycle phases Envi impe -
Authors E.NMS / Nano mate Method Functional unit Data sources En\'nronmental impact cate
rial products E M U EOL gories
1 kWh electricity out-
ijer'®!  Nanocrystalline dye i Public  litera-
Greijer . V' V. V'V Process LCA put from the solar cell GW
(2001) sensitized solar cell tures
system
16.9 Mio cars pro-
duced annually, 210 . .
Lloyd(?®! C(ljy‘m lene mmee A/ A/ . Hybrid LCA (1O Mio cars on the i\i‘“‘i“z“{]ﬂs A;ta“s' Carbon  dioxide emission
(2003) f(m};pmir:z ne na and process LCA) road, 15,000 miles/ li:;rature% ’ and toxic release
omposie a, 10 years life-span N
of a car
. A pilot plant
1 Polypropylene/  lay- eg: Amount of pack- pI'OdIl)JCil’W ﬁoly—
Roes! % red silicate namo- V. V.V V/ Process LCA aging film for 1000 mer n:’] o Climatic change, ODP, AP
(2007) ered spicate. nano and LCCA bags for 200 g can- er  nanoco , EP, etc.
composite dies posite and liter-
ature
Technical  cost
Healy[s(” 31 Single wall carbon v vo- _ Process LCA I « SWNT model, SimaPro Airborne inorganics, cli-
(2006,2008) nanotube( SWNT) and LCCA g data base, liter- mate change, acidification
atures
Production sim-
L [32] .
9(11;%}(1)8) ((]zrﬁ;n) nano  tubes AVARE Vo - Process LCIA Eg&i‘uczm}lm(jfgs kg ulation, Sima- GWP, AP, ET, etc.
P Pro data base
" Expert  judg-
Joshi ) _ _ ment and esti- L.
(2008) Nanoclay v Vv Process LCA 1 kg Nanoclay mations, as Greenhouse gas emissions
sumptions
r . e Literatures, Si- Greenhouse gas emissions
33] Ao ; _ 2 . B g s
M?;i)elnl ) Nar:lo crystalline sili ARV - Process LCA 1 m” solar module maPro 7. 1 eco- especially Fluor gas emis-
0 area invent data base sions
Tell: (347 Nanoclay-reinforced 1k lvmeric (]\;lzinufaclulri(:rr ~ GW, 0D, carcinogenic
ellactxe polymer wire coat- AVARE VA V' Process LCA § polymenc ata, erd effects, acidification, eu-
(2012) . pellets ture, ecoinvent -
ings data base trophication, etc.
. - Literatures, inter- GWP, ADP, EP, ODP
i [2%6]  Nano-siz 2 PR - , > , , ,
Bab(alzzg;lglr; (l;liar:i)dsufeq tirl]l‘:amum V.V V.V Process LCA ! r:li of ttnzmlllm di net resource, BE- ETP, Human toxicity po-
oxide coating oxide coated glass ES 4.0 data base tential
One average kilome-
Lil%] 1 . . ter driven by an EV Laboratory data, ADP, GWP, AP, EP,
(2014)  Silicon nanowires VoVEVEV Process LeA powered by  the GaBi6 data base ODP, POP, ETP, HTP
LIB pack
Literatures , 0D, GW, Photochemical
Pourzahedi'?’!  Nanosilver- ) 1 kg silver nanopar- simulated data, smog, AP, EP, ET, hu-
(2015) enabled bandages VoV Vo Process LCA ticles ecoinvent man health and fossil
data base fuel depletion

Note: E: extraction, M: manufacturing, U: use, EOL: end-of life, TM : traditional materials, LCCA ; Life Cycle Cost Analysis, I/0-LCA ; input-output

LCA, LCIA; life cycle impact assessment, ADP; abiotic depletion potential, GW (P) ; global warming ( potential) , AP acidification potential, EP; eu-

trophication potential, OD(P) : ozone depletion ( potential) , POP: photochemical oxidation potential, ET(P) : ecological toxicity ( potential).
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