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any imdustries today recognise Lhe

reed oo dvaprowe e soscainabilite

of processes and products, The
painnt gud coatings secier is noescep
tion. The developmeant of *gresner”
products is no longer driven simpsly
by regulatory changes, buc also by the
need t Mol CLUSTITRET £XPL el ons
mnd 1 he desire to realiee che econmnic.
aocial, andl emvironmental advanlages
thit many sustainable solutions can
niter. Thers v A0l mmch to be leavned,
herwrver, and academie resea rehers
in universilies armund the world arc
exploring may of the Mndatental
questions about the potential of yrecner
ro mnlerialzs and the resins aud nther
ingredients derived fenm them to vield
cost-eiTective, gh-perforiming painga
and coarings.

GREEN EVOLUTION

The coneept ol “green” has evolved veer
tipe inte the broader contes ol sustain-
ahility, according 1o Wark D0 Soucek.

professor of Polymer Engincering ot the

-

Universice of Akron. “rheinitial focus
oo A romimentu] EsiLes gradnaled o
a focys on using greener malerials and
making coatings ‘benign by design* he
savs, " Uhe lac Meontier will be mal

ing sustainable coatings using grecn

yicld green tornularioms,” he adds,
While regulalions on volatile vruanic
cpmpriinds (VOCs! cominne to drive
industry, there i alan a significan push
o dind saler materials for spplicacions
wlere botl workers and end users may
be exposed 10 harardous chemicals.
Ore example noted by Tean C websier,
ehair of the Deparoment of Cuslings and
ol imeric blaterials ul “orth Dakota
State Universive (NTELD s the vetive
seaveh o alternacives Lo sacyanae:
curing chernisite.

MANY CHALLENGES REMAIN

Thers g challenges, of course. Ay
new coating techiolewios compete
with existing curmercial technaologies
1hal lave heen nccepred by the marke!,
according to Wehsien “Mew coslings
miasl he competitive with rezpect o
perfarmanies aml cosi being groanar
o more austainable o'l soMiciens,” he



crplaing. Biobased raw materialz face
nther hurdles. “There is a lotte be Jdone
vol regarding che supply chain [or raw
materials derived feom hiomazs, Fow ol
thew raw materials are manufaccored
arlarge scale toduy, wnd there can be
Tsenes wilhthe conalstency of their
gualicy and charaeterislics gear to vear
annd eTop to erop,” 8ays Vijoe klanuari,
professor of Polymers & Coarings in
the School of Fngineering Technology
at Eastern Michigan Univissity, The
limiced ovailabilivy 15 2 real coneern,
aceuring v Andriy Yoronoy, peolezsor
af Coatings and Polymeric Materials
at MLELT, because the mechanizing
thal can be used to produce resins for
coarings arc Lypicallr Hmired o free
rudical or condensation polyinerization,
“(rreen coatings development is direelly
teluted o the developmenl of Tihrar
ies of menomiers al can be prodoce:d
cogt-eilectively ar conunercial seale,” he
comments, with uil prices driven nch
leweer in Lthe wa'lee of the shale il and gas
broin, Bighased myieeials cuerently luave
diffieulty compecing ona eost basis, even
with Zovernment incenlive programs,
¢thasicdeh Podrhazheny, aasisiam
prifessor in the Lrepyriment of Coatings
and Polvmeris Macerials at LRI
blicves chat o lack of slundards for

wrezen or sustainalie coatings is alan
hisdering thelr developrment. *Better
reghlations and policies, including e
escablishrent of specific ssandards

or mandators regalations for green
amd tdobased coatings that byee wo he
tollowed would benchil cveeynne,” she
says. I particalar, she would like 1o
gee ztamlards that add ress the entire
suppl¥ chain aod not jost the envirou-
mental sl healch benefits of the Anal
cuatl ing forimulations. * The impact of
coatigs besing long betore they are
made with the basic vaw materials thal
are extrasted [eom the earth or hio-
mass, Wi, therefore, nead srandards
1Tt account four the entire supply chain
when determining the geeenness or
sustainability of paincs and cearios,”
aha explains.

The conservative nature of the coul-
ings imndusiry is vetanother cliallenge,
avconrding to voronow, “While interest
in Mo susainable materials foe use
i cewting Formulucions 1= definitely
peowritg. there are ouly a few companies
willing 1o tale on the significant risk
assaciated with nsing novel ingrsdicncs.
The silyalion iz changing, and there ar
nuInErots compa nies with stated plans
o expand their portfolios with greener
produecs over the next 1) wears”

ONLY A MATTER OF TIME

The question, seenrding b0 SeTgly
binko, Coorgia power profossar of
Fiher and Polvmoer Scicnce in the
Departmuent ol Tevtilez, Merchandising
and Trrericors amd the Department of
Chemistry al U TTniversity of Guorgia,
is ol 1T more sustainable leehnologies
will be adopted. but hemr loag It will
take, “The Mucore divection ol 1he coat-
ings sector 1s o be more sustainable, T
will takic vime o address the wechnical,
vennamic, and political sspeces, but

the tims will comme when sustainahle
mlerials and green chemistry are the
ety e assert s The role of acalomic
ruseurchors, Webster adds, is to perform
1T hasic resedreh needed to undersiand
the chemisiry and propertics of sarious
N polymers and what needs o be
done to develnp suscainable sliernacives
Lthul meer the cost aumd peelormande
requirermen s of industrial applicarions.
“There i7 always » cumbination of tech-
mica) puzh and market pull, and 1eday
wer are 11l at the technicu] pash stage,
Srientists are ooking at what malerials
ar genilahle From bioinass #nd hos they
can he funetionalized, rranstormed, or
even Jireetly uzed i coalings. We are
completing the cseential basie reses reh
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in erder to develop new mateeials that
can then be evaluated for their benefits
b actal users” he conchdes,

MANIPULATION OF
SOYBEAN OIL

SecdSvegerable vils have long been

used by the evacings indusrry—alkads
are o prime example, Maoy academic
risscarghers are cxploring # weider rumge
of plant-hased oils, novel derivarives,
and theuse of different comonemers
wrirh the goal ol fmpeoving the perfor-
manee charaeteriztics of biobased resios
o praind aeed comtiveg formuladions.

Welizter has been developing epes-
Wized sucrose sevales, 1000 Liolkased
materialz generated froom the reaction of
soybean fatry goid with suerose fullowed
by epoxidation using hydragen peros
ide. The epoxidized suctose sovates
possesa larger nymbers of cpoey groups
thar can be used in curing processes to
pemerate thermosers, which haee appli-
carions in the ennstruction, automaotive.
applinzee, s furnitire industrics, “ Wi
view these cpoxidized sucrose esters
az o platform technology that ean be
corveried via muliple mochaniams to
many different types of resing with wide
ranEing properlics,” slales Wobsier
For instance, they can vndergo photo-
pulvymerization, therraal crosslinking
with anhydrides ar blocked acids, or
wiater-aesisted acil crosslinking. They
can b converted to polynls thar can
then be uged to generate polvurethanes
(P with (odgque properties. The
suCrose sovates can alsa be derivatized
e carbonyres, sorylates, or mathae-
r¥lares, which also have awide range
of curimyg options and afford resing with
interesting properties.

SO major advantage s are roal-
izing with this technolopy relares to
tha high funetonality of the suerose
sovares. They provide high cresslinl
densities, vielding coatings thar are
hard and cough. One of the traditional
chablensgvs with vegetable oil-based
enatings has been aehicving the neces-
sary physical amd mechanical proper-
ties We have overcome thal issuc wich
these materials Webster notes, He las
cecn grplored their use in composites
with natural fibers, ln many casws.
the new coatings and composites thaz
Webster has developed using the epuo-
ihized suerose sivaies have properties
competitive to these obtained nsing
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petrochemical-based marerials. Some
ol thiz worle is being Jone chrough the
Center for Sustainahle Waterial Scicnes,
a Mealinnal Science Foundation-funded
collaboration between resegrehors a1
HOEWT and several acher universicies
srith a focus on investiwating chemicals
durived Mmom bistnass for che prepara-
tinh of polyiners and composites,
Mlanmavi's group at Rastern Wichigan
Trniversity is also investirating coatings
Dased o1 restns inade Mram soebean oil
derivatives. Tn one example, the sovbean
ol 15 reacted with Bobased iLaconic
acid o loem a polyester that is used
a5 amajer compuneol in TV-eurabl:
green UV-TTED gel nail polizhes. <Xail
piorlishes are ene of the most widely wsed
producls in the T8, cosmetie Industry,”
Wannari observes, He notcs that by
20205, 122 million Americans alone are
expected to use then Gel nail palishoes
are attractive hecadse, once crosslinled
under. T2V radiation, they have much
greater durabilily than coneentional
nail palishes. The gel nail pelishes his
grovp has recently developod are green
for soveral reasons: they are cured
nsing Uy -LEL radialion and e cither
2ero-VO0 solvencthorne o water -based
formulacions, neluding polvurcthan
dispersinns, comprising approximatels
A0% blorenewable contens, hunnur is
not sguished, though. “We are werking
tor increase the binbased contont by
incorpurating acher biobased macerials
auch as derivatives of pumsavod Tosin,

cardanal, and zorhicol, to name o fows,
s compondts in the formalslions,” he
CEHTIMIS LS. )

Lo a separate project, Muanndari is
exploring the develnpement of hisphenol-
A-free (BPA-free) spoxy resing prodom-
inaully lrom bivhased resources. “There
is zood demand for TREA free produrts
due to the Inereasing coneerns rogard-
ing che use of TTPA, espacially o foud
packaging and consumer produea,”

b nowes. Wlannari is alao develaping
waterborne U v-curable pelyurclbane:
winnl coatings bused on cpovidized soy-
ean ail palvols witl varving chemics]
siraviures sl hard Lo soll peopercies.
These formulations alse melude rosin.
Hu intends to jnvestipale This hichased
approach for the development of pack-
apiny coatings given thal 1his markecia
very much interested in renewable aad
recyclable materials,

BIGBASED LATEXES

(ke af the challenges in developing
waterborne latex coatings using resing
Brased an plan) wnd vagerahle iz that
these 01ls are very hydrophohic, and i1 is
difficudl towchicee an acceprable solids
coneent (~£0%] and hizh molecalar
wight durirg ernylsinn poly merization
via a free radical mechanism, acconding
Lo Yoroanow, For cormnnereial appliza
tions, e notes that 99%, comversion wilh
o residual monomers s needed. To



lackle 1his challenge, Voronows group
Thas established a library of vine] nane-
mers propared Thana srep From sovbean,
cannla, suntosrer, hiph-olele soybean.
hvdrogenstid sovhaeau, und corn oila,
The vesearchers hove been exploring
Lo cliese monomers act daring Moo
racival eroulsion pole merization, hioth
far the formation of hemepolymers

and copolymers Gaill commearcially
wilable manomoers sueh as meths]
methacrylae, strrenes servlate, e
Hizh-ulvic savbiesn nil is an attraccive
aprinn hecauss it has high hear stability,
improved shelf Tife due fo enhanesad
resislance o ovidacion. and o better con-
trolled conposition beesuste
10 is iy nsatUraned.

“We anticipated that
there would b fundamen-
tal rhallenges, including
insufhicient conversion due
Len 1T el poaphiobicity of the
tenomers. Lhe first step
wits Lo s izane che kinet-
ica, reacrivity, and other
fundamencal charucierisiics
I rdentkily opporownities
for optimizing the polvim-
crizalinn 1o achiese hetter properties
and performance.” Yoronoy ohserves,
Do approdch cruploeed o inerease the
converaion was to perform the reaction
s a mini-emulsion, This method is
e sUited tor lypdrophobic monemers
beeonse the indtiator 1s nol selylle in
wler ik saluble in oil, which poten-
rlally canses the polymorizaiion L
vake place in ol denplets rather than in
micelles, ay is the case with traditiong
emlsicns, His prou s hes hoon ale
ter casily ochieve 93-97% conversion,

which is not sufficient for commeriial
products, but is goed cnough foe initial
proof ul coneept testing.

“Te have been able Lo show (hat the
vinyl monomers are indeed polymeriz-
uble with a broad wariety of vinyl coun-
erparts, providing o versatile placform
with dilTeront properties achievable
depending on the chejee of 031 Tram
whicl the monomar was derived,”
says Yooy 1 Le notes that one of
the advantages of Theso resins ia rhar
unsdturiesd Mragments are prezent that
allives T crosslinking. “Wi can real-
ize a broad vange ol properties, which
alloras Tor nptimizarion of the desired

Vinyl manamers are indeed polymerizable with
a broad variety of vinyl counterparts, providing
a versatile piatform with different properties
achievahle depending on the choice of oif from

which the monomer was derived,

combination of screngrh, dexibilivy, snd
toughness,” Yoronoy gsserl< Sofar, the
solils content has heen sufficiear too,
hart while close, 99% viclds bave non et
bewn ebtainable Tnoaddition to waork-
ing nn chat gal, voeronow is cxploring
comonomers from the same aeed plant
wils bl with different chenuistry Lo
enatle the production o 100% hinhased
vesins, He s collabovating wiclh o French
growp char has synthestaa] s hinkased
moncmer conbaining a benzene ring
thatwhen copelvmerizcd wich The oil-
based viny] nnamers provides resins
thal impart some strength to coalings.
Voronoy has alsg investigated aceylic
munenars prepared from carding,

which ia chrained from cashew oot
shell liguid, It contuins an arematic
ring Nomclionalily and haz the added
advantage of being commercinlly avail-
able (amumaul production vilyme nlone
o Fona)

ISOCYANATE-FREE
POLYURETHANES

In Leath milicary and indusceial appli-
cations, there is a need o replace
commonly used ingredionls thac are
wie recngnized o pose o health and/or
safety hasard to plam pevsennel and end
tsera, The use of hisphe-
ol Aln ean costings,
chrenaies in protective
Coatings. and iz oo ananes:
Qs curiny weenls o PT0S
ata perhaps the three
most pertinent sxamples,
Tghused mareriala have
prcential utility in the
develuprment of alterna-
tives (0 zome cases,
wiehstor, Wynnurei, and
Seneeh Tave all Toeused on che develop-
ment of nonizocvanate curing spenis,
Wiehsdor has boen cxploring the use of
cyelic carbanate derivatives of epox-
idized suerose sovates, which ean he
cured with amines. The reaction takes
ploce at romn temperaiore, b can alse
Tz wecelerated with lossr levels of liear.,
The rate iz depeident on the amine
structare, wilh primare and less
hindered aniines reqcting mwre rapidly
than seoundary and Tilloy amines.
Mannaris solutions invalve the use
of evclic carbomales and Jinmines.
“Carbonace-diamine chiemizory isn't
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nesy for making polyurechanes, hut our
approach nsing evelie carbonates is cus-
et iegd fo gy re thal the resullant pos-
in1s have desirable properties.” he con-
menls, The FUs formaed in the reaction
are glightly different from conventiomal
PUsin that they possess a B-hvdroxy
growp. The presence ol a larvge nuimhar
i suel polar groups i the cured coat-
iy has Lhe potential to impact chemn-
ical and alkali resiztance and rogult

in higher viscosities due to lodrogen
Bonding, according to 3Mannari, While
higher vizcosities were rhsomecd, he did
nut, honeever, see as large an impact on
ooating perlforma e as expocled. TTis
group. therefore, investizared the vse of
diMereel rewclive dilugni s as a means for
lecking the hiydrexy] groups via second-
wry ceosslinking,

Blannari proposed twn types of
nomisoeyaare PUs for serospace
applications--high-solids & 807 at time
of application) and single-component
TR cyralle aolvenlborne sysiems with
zero Habs. Atotal of 28 CV-curable
COMPOSTLIONS W sereemed using
conventional reactive diluencs wich
a feeus on the resuliant mechanical
and chemical reaisrance perlformance.
This praject, tunded by the Srrategic
Enviranmenla] Besearch Developnant
Frograw (RSERDF), is currencly under-
wdy, deenroling to kannari. He is also
investipating the possihility of curing
these cogtings using a Uv-LELD souree.

Soucel clected to focus on the devel-
omnent of waterborne,\ntex mmononers
and TVocurahle reaclive dilyents Tor
the fwrmulation of nenisocyanate
et hane-med ified acecvlic lateses
containing seme acrylace geoups. His
approach involved modifving the syn-
thesiz route uaed oo produce urethane
acrylic hybrids, which fnvolves the
copelyrmerization of urathane acrvlie
monomers and acivlatez, To increase
the level nlincorporation of urerhane
proups into these polymers, Soucek
rmized specially desipned TUV-curable
reactive diluents with the urethane
screlic monomers, The diluents wre
produced by reacting aliphatic amines
wilh ethylone carbonaie weinternaedis
carbamates that are then reacted with
methacrvlic anhydride o generate non-
isncyanate urethane funetional mone-
mers, With this method, it 3s pogsihle
o add mere wrechane groups withour
inereazing the fornmlation viscosily,
Simple addivion of the new monomer to
the latex provides an acrvlie urethamne
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dispersion withouy ulher processing,

1o the vesin, pendanc urethane proups
hydrogen bond to inerease the Lol The
Luges and impreve other properties, such
as tensile modulus, tensile strempeth, and
storage mostulus. Acche same time, che
phase separarion and processiny izsues
observed with moost PUTS are allevi-
ate ) Foncel observes.

{ROMIUM ALTERNATIVE

CnTrosion reslEtanice 1s o primary con-
cern fow any applications in which metal
suhatrates may be exposcd to harsh
envirnmmgnts. Corrently, chranmium-
haged pretreatownts are comnmonly
nzed to improve carrasion provention

an aluminum surtaces used in aerospace
applications, Because this form ol chea-
miu 1% texie, there iz an urgent desive
to replace this pretreatment metliod
with a more saustainable alternative.
WTannari has developed organesilane
technology thal has been custemised e
use an srruccoeal aluminum allovs. The
Driz-ureasil and epoxy silancs prodoce
stahle sol-gel ath composicions chac
when formulated with nano-silica and
arganic corrasion inhibitor in varying
prapnroions generate pretrentments that
are compatible wilh wopeos s and pro-
vigle the corepsion vesiziance, adhesion,
and mechanical prepertivs essenrial

for high-performing coating svatems.
According to Mannari, they provide the
samw o1 evoh grearer lesel of pratection
allnrded by chromate conversion coat-
ings. Omne differenoe s he Gl hick-
ress, which is slightly higher (4—& vs 2-3
micTons, Tespeed ively),

WORKING WITH LIGNEN
AND CELLULOSE

T oevrcormne the lomiled availahilicy of
hinkased raw raterials, one approach is
to look for sources of biomass Lhal are
aencrated n Lyree guantiries as hyprod-
ueta of other induscrial activity, Boih
lignin and cellulose mest vhiz orite-
rinn, Ligninis an imporanc struetural
component in che cell walls of woody
plas, Tl comprises approsimately
one-thivd the mass of Henocellulos:,
the ruw material for papermaking ithe
remainder is celluinse). T most papr-
making processes, the lignin is remnved.
T is niten hened as Muel, hut condd serve
2z nraw material for the production of
valoc-added prichycts, Tagnin is very
ditficult to worl: with, but Webster has
dizcovered a process for funcuionalizing
the material withour che need to uze any
solvents, The product of this fairly grecn
pracess ie g Tiguid resin rhat, doe to its
Lighiy armmatic nature, fmopares albuc-
Live propertics to thermesets,
Pourhashem is also exploring the sus-
tainabilivy of coatings bascd on ligpnin.
Tecalae it is a hy product from another
industry (paper or biofuel ), it could,
through ils use in cnalings, conteibute
ter a cirenlar economy, minimise vk,
wrd cssenlially improve the elicicney
and envirenmental impace of borh the

To overcame the limited avaliability

gf hiobased raw materials, one
approach is to look for sources

of binmass that are generated

in large quantities as byproducts

of other industrial activity,
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canatings and paper sectors, For g similar
reason, she is cvaluating coatings made
[rem marerisls derived from corn and
core ool

Winka, in eollahoration with Surag
Shavma, associate professor and grad-
uate courdinactor in the Departinent of
Textiles. Merchandisimg and Trrerioes
at the University of Georgia, mean-
wiile, {5 investizating the viilivy of
fibrillated nanocellulnge, avery strong
mualgrial wicly o high elastic modulus
that comprises small Ahrils of cellulose
in the range of 10-100 nsnometers Lhal
are produced fullowing the chemizal ov
mechanical degradarion of plant colls
walls inwoud pulp traditionally used
in papermaking. Due tothe deckine in
the paper industry, wood processors
have soughr other applications for wood
pulp, wich the production of nanocello-
lose one oplien char is being explored,
The material s inding imercdsiog usc
in the phyrmaccutical and packaging
industries and in composite appliva-
tions, Fhe inilial product of wond pulp
degradation (exposure tu high shear rale
ina hmmeeenizer) is 2 hydrogel contain-
ing the nanocellulose. Mlinko’s group
iz explorimy the comldnation ol ehis

Tiydrmgel wich nther preen materials and
menmners e form oew ngleriala with
many pocential applications, ineluding
high-performance funetional wex il
corlings, “Manoeellulnse iz valuable
hecause it provides improved nwehun-
ical proportivs while gleo being hiode-
zradahle and sustainable ™ hinke says,
Une of the challenges has Toen
improving the water resistance of
torimulacions bascd on the nanocellu-
Tersi: hvd pogel. “Cellulose = ivdrephilic;
plants use lipnin and some waxes o
rmake the plant wall more ydvophobic,”
Minko explainy. His groap has trwed oo
vake: s girmilar appreoach, wsing natural
products wherever possible, but in some
cuses =mall Juanlilies of perrachem-
icals to make the nanocelluloze more
corapatible with hydrophabic inaceri-
als. Tn texcile coatings, the fibrillated
nanocellulose acts gs o binder, providing
strgng adheston herween the cellulose
fiher matrix and the functional coaling
malerial and ensuring retention of the
cnating materials vn versarile fabric sue-
faces, avcording o Minko, “The eoatings
provide a menns for intredueing func-
tiomalitics 1o [extiles that can Tmprove
eheir performance, such as thermal
energy management ahd launderalle
conductive features, and extend their
lifespans.” he adds. One speeilie project
that kfinlo's group is working on is the
development of nevel Lhermo-regulacing
et ciles material for military uniforms.
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CURE-ON-DEMAND

Current curc-an-demand eehnnlngies
are two-component, Y-, E-beani- or
thermally curoed swslemes, vach ol which
hay o problem, according to Soucels.
“Twe-cormponead sysloems in pengral
have limited processing/potlife capa-
Balilics, UV has line of sight and opaciie
issnes dictated by Geer’s 1aw, T-heam
b safiry issues, and thenmal curine s
nirt pessifl e foe heat-censitive subscrates
suell as plastios,” he expladns.

Ter i ranme | hes various prohlems,
Soncek hns artached a free radical initia-
Lok Lip A gL

into compnsites. adhesives, and eoatings
angd may even be oselol for in vivo appli-
calions such as hone stabilizatinn or
cartilage snhancement,” Soucek stares,

MODELING TO EVALUATE
SUSTAIMABILIYY

(ne of the challsnges for researchers
e esligaling moveel malerials foe the
develnpment of sustainable coarings is
o understymed vhae megal Tevel of sus-
rainahility that a techinology achieves
wehom the

ic] . , .. whaole

hat e imicie Wi Ehis approach, heat-sensitive eyl
polymeriza . . considered.
{on or curing substrates can be coated without pouchsshern
reactinms o LA - £ recently .
e e e of ?lghi ISSU(’{S, Whtifi! opaue "”“ﬁ“. Nt
povarerileand - composites and highly pgmented SR
talheatingolthe  coatings can be cured without  experlisein
coating, “With modeling of

this approach,
hsat-sensitive
auhEEraLes cun
be coated withont line of siglt izsnes,
while aprgne composites and highly
pemented contingz can he cured wich-
oot Being impacied by Beer's e he
explaims. “Thiz oew cure on demand
techinology would sugrmen! T7W- aml
E-bream curing of polymeric materials
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being impactec by Beer’s faw.

1w iTUTI Lt -
tal impacts
[rar ks el
preoduction en paines, enatings, polv
mers, and polvmeric radoerials, v loek
al the ingredients in the fornulation
amid the process conditions uscd tomake
thrae ingredients and the coating iwself.
1 addivion, we fidlow the supply chain
leark o che bagic rawr matcerials thatare

used and eonsider all of the Inpurs aod
outputs that are involved,” she cxplaing,
The resulls are com pared to the per-
tormanes of competitive prodarers ihae
are already on vhe market to determine
it the new techiologr is indeed nuore
sustainable, Her anulyaes are also used
to idencify areas far improvement and
optimization s thar the suslainabilicy
af new echnologics can he enhanced,
‘The factors Pourhasher consid-
ers range leom The raw macerials—
chiemicals inelading solvents, calalyvs s,
and cnorgy weed 0 the form of heat or
electricity—to their global warnming
prleulial wrd contribolian moozane
depletion, tn che toxicity to humans ani
voosysiems, e stut gl the hoeginning
wich the extraction of hasic row materi-
als fmining for minerals, oil loe peren-
chemicals, and eultivacion for plaits)
aned comzider every aspect that could
have an impact an the @nviTeninent o
determine how sustamable o conling
really is” she rermark s “What wee hove
fomnd s that in sorme cases choioes Lthal
vt made with the infont of increasing
sustninability may have unintended con-
stafuences that, i the end, actually hove
anegative inypract,” Pourhashern adds.
A earnple ond ol iy e quantity of
fossil fued eonsumed to produce o ton of
A s e painl o 1o coml 8 suarte meter
of surface. This crpe of result makes il
pussible wo compave the sustainability
performance of different contings, @<
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