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Green Chemistry Initiatives

= Green Chemistry Programs in 23 Gountries
= U.S. and UK. Green Chemistry Awards

= ACS Green Chemistiyinstitute/UIKe Green
Chemistry: Networkidapaneserchemical
Innovation'institute

s ULS. State Goyvernoers Greemehemistrydmtiatives
» Vichigan, CaliierasVanEN@rege)

=, University GreeniChemistiyiCurncula
* 16 ULS] collegesiuiieRareeniCHEmMISUyACI2SSES
* U. of MassachuseitsSGheeniehEmiSuyaEiain;

= lwo Green Chemistry Journals




History of Green Chemistry

1990

1992
1996

1998
1999

Council for ChemicallResearch—begins
“environmentally=benign chemical synthesis; and
processing programie

U.S. NSE EnvironmentallyzBemagmGhemistny, Program
AGCS Green ChemistiyandiEngineenng Conference
First ULS) PresidentialiGreenmEhemistny Awards

Eirst Gordon GConferenceromGreenChemistry,
IUPAC--Int: ConferencelomGreenmhemistryzvVenice
OECD Workshopiomsustaiiaieschenistiy=vemces
Royall Chemistry,Societylaunchesicreen Chemisl_q:y'!' i

y




Green Chemistry

Green Chemistry Is a chemistry response to  the
drive for a sustainable world:

Definition:

“Green chemist
of a set of princi
or eliminates; the us
ofi hazardous subst:
design, manufacture
of' chemical produ r';_, :

GREEN
CHEMISTRY

THEORY AMD PRACTICE

-Anastas and\Warner; GreenChenistry/ Ao/ andactice S8
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Twelve Principles of Green Chemistry

= Prevent waste (unconverted/feedstock; spent reaction fiuids)

= Maximize the incorporation ofiall' process materials into the
finished product

s Use and generate substances that possess littie or no toxicity
= Preserve efficacy ofiffunctonswhilereducingitoxicity
= Minimize auxiliany’substancesi(ergnsolventsyseparating agents)

= Minimize energyinputsiprocessiatiambienttemperaturesiand
pressures)

= Prefer renewablermatenalsiovernon=renewablietmatenals

= Avoid unnecessany denvationsiergnbloCKRGIgroups;
protection/de-protection'steps)

= Prefer catalytic reagents overstojCihiometncreagents
= Design products fornaturalppost=userdecomposition

= Use in-process monitonng andicontrolftoiprevent formatlon of'*
hazardous 'substances % ej’
g

x  Select substances and processesiSoasitoimnimizerthelpote
for accidents ..




Green Chemistry Definition

x Clear terms—hazardous substances, but can include
energy/resource reductions

= Single idea—ayvojdinghazardous supbstances; hazard
reduction

= Comprehensiveluniverse=consideralifthestagesiofthe
life cycle ofiarchemical:

= llestability—hazardousisubstancesicanibeimeasured
= Relevant to, chemists=avojdshsSsuesioiexposurerandinsk

= Focus on “hazard reductonEasheiprmanyampact
category of interestinreachifelcyclerstagemwithrafiocusion
the design stage: Otherlifercyclenmpacts of: |nnovat|on J
should also be considered:

i



Sustainable Chemistry
OECD) Definition

“Sustainabler
manufacture

- 12 J SISO 2ir) GV GGy '_'J CHUrs
Organization for; Eco m ooperaty o] Dayslognans, Sroshiurs
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Green Engineering
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What is Not Green Chemistry?
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The Need for Green Chemistry
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Opportunities for Green Chemistry

= Reducing the use offhazardous chemicals
= Reducing or eliminatingichemical process, wastes

= Reducing chemicaliproductionenergy.
consumption

=, Converting from ol gasrand
coal to renewablefeedsStocks

= Generating chemical products
that are biodegradabieror
recyclable

=, Clean up of hazardous;sites




Green Chemistry Example

New Synthesis in Manufacturing Sertraline

2002 PresidentiallGreen Chemistry Award

= Sertraline--active ingredientin Zoloft

=, Pfizer’s conventional's Step process
reduced to arsinglerstep

= Imineformationioiimonomethylamine

with tetralonereducedwithmmendelic
acid

= Increased purntyandiyieldiandicut # &
monomethylamine by 6lysanditetralone byﬁ' |

= Resulted in significant rawimatenalicostisa




Green Chemistry Example

Alternative Solvents in Manufacturing PLA

2002 PresidentiallGreen Chemistry Award

Cargilllmakes Nature Works withipoly lactic acid
New process;generatesyactic acid; lactide & PLA

Water is usediinffermentationtwhilemolten lactide
IS used as thereactionimedianunthe monomer and
polymer production

Reduces energyandincreases

yield

PLA product isireadilyhydrolyzed atureWorks'} -

into lactic acidifor recycling



Green Chemistry Example

Water-based Ink

2005 PresidentiallGreen Chemistry: Award Nominee

= Highland Supply Corporation makes guality floral
wrap packaging

= Developed its ownwater-basedhinksito replace
solvent=basednks
= Resultedn
* 95% reductionin VoG enmssions
' reduced fire’hazards

* eliminated hazardouS ProceESS
wastes

= Generated a $100,000/yrSaviRgshn avoided'-iw;; 'r.e
treatment costs and aid0ysSavingsSinNnk go%ts



Green Chemistry at the National Level

= Presidential Green Chemlstry Awards

s ACS Green Che,
Conference

« ULS. Congress  HIRNIZISNGCreenGChenistry
RrResearchand DevelopmenisACpeEnding
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Green Chemistry Institute

= Est. In'1997, adopted into the American Chemicals
Society (ACS) in 2004

= “The mission of;.thertAGCS GreenGhemistryinstitute (ACS
GClJ) s to advancerthenmpiementation of.green chemistry.

principles intoralllaspectsioiithercheniicallenterprises -

= The AGCS GCl promotesigreentchemistry through
Research
Education
Information dissemination
* Conferences and'symposid
Internationallcollaboration

x ACS GCIl PharmaceuticaliRoundiable




Green Chemistry Pharmaceutical
Roundtable

= Founded in 2005/to promote green chemistry in
the pharmaceutical industry

= Involves 8 companies

(AstraZeneca; EifEBllyaGlaxosmithidineshercks Wyeth;
Johnson & JohnsonyEhzermsSehenngeEiough)

= Hosted by AmencaniGhemecalSociety

=, Provides, workshops; GreenehemistiyHighlights
Papers, Solvent SelectionGudesresearch
papers, and researchigrants




International Initiatives
for Green Chemistry

= European Platformifor Sustainable Chemistry
(SusChem)—V/sienNer202s)and Beyond

= UK Chemistry lteadersinpreouncii=V/s/onior
SiiEzlicziolle Pracliiciiorn ziriel Use aof erigeriiczils

= Crystal Earaday:—Creeeieliical N IECHIio/o6y;
2004 keaadiiap

= Green Chemistry:NetworksSiestablishedhnJapan;
Canada, United Kingdompancdimorre




The Precursors to Change

oo gzl

yinteingencenioniedgesndssistdiee)
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Barriers to Green Chemistry
Development

= Lack of public awareness

= Limited professional drivers

= Limited research funding

= Inadequate informationontchemcalinazards
= Limited educationfanditraiMngiprograms

= Lack oficorporaterawareness

s Corporate resistancertoichange=nnRdustnalNockantor
technologies

s Lack of market'signalsinrthersuppiy.chain

= Limited experiencewithimanyalternatyve chemecal
processes and synthesisipatiways

x  Resistances from mainstrean chemists
= Weak regulations on chemicalSioifNghiconceiiis




U.S. States and Corporations emerge
as Drivers

Limited federal Initiative
U.S. EPA sponsors PresidentialiGreen Chemistry Ghallenge Program
Research supportbillistalledinGongress

State chemicalllawsiandipoliution prevention

programs encouragelgreen chemistry.

Statel chemicallbansi(mercunyrBERS I promoteralternatyvechemisties

23 state pollution preventoniprogramsiencourage chemical
substitution

Some research Centersiprovidersupport
Academic researchicentersiiocusiongreenchenstny,

Some corporationsiprovidedeadership

(Pfizer, Nike; Dow; AstracZencapGlaxoSmthidineslnue)




State Green Chemistry Education and
Research Programs

= Some 15 higher education schools offer green
chemistry programs

= University ofi Massachusetts;Boston offers the
only Doctoral'DegreenniGreeniChemistry

=, There are several GreenfChemisty Research
Centers at the statellevel:
* Institute for Green SciencepGarmegie=iellon
* GCenter for Green ChemistryaUmVersitylonoregon

* Center for Green ChemistryandicreentEngineenngy Yale
University,

= Center for EnvironmentallyaBemgmGatalyStSHURIVErSItY oA .
Kansas . L S

* Warner-Babcock InstituterforcreeniChenistay; Massacnﬂse S




Massachusetts Toxics Use Reduction Program

Reducing Toxic Chemical Use

= 1989—NMassachusetts enacts the

Hundreds of ﬁ, T

Toxics Use Reduction Ac el by Massachusetts

businesses now

g ' 9 use less toxic
5 Requwes some 500/Va 115 gl moteriais.

~ You can too. |4

* Provide annu "!J-*IIJJ":JJ U

= Provides lioxics :
testing; tramning andip
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Massachusetts Toxics Use Reduction Program

Promoting Green Chemistry

=, Promotes the substitution of:chemicals;ofi high
concern

=, Provides researchisupportiorGreen Chemistry
research

= Hosts annualiGreeniChemistiyicConierences at
four University offNlassachuSettSicampuses

= Sponsors multi=stateworkgroup ontAlternatives
Assessment

= Safer Alternatives Billiproposal




Michigan Green Chemistry Support Program
Launching the Initiative

= In 2006, Governor Granhoelmiissued
an Executive order encouraging
implementation ofigreen chemistry

=, Lowelll Center contracteditorhelp
the state to)developrargreen
chemistry strategy,

x A stakeholders roundtapierconvenedun 200y,

= In 2008 the state’bepartmentoiEnvironmental
Quality adopted antFActionPiansandiset aS|de % |
funding B




Michigan Green Chemistry Support Program
An Action Plan for Michigan Green Chemistry

=, TThree Phase Strategy advised by aiGreen
Chemistry Support ProgramReundtable

=, Phase One: BulldingPAwareness

* Define parameters; bulldiaresourceibase; createranidentity;
produce a “MichiganiGreemGhemstyEuturebrochure

= Phase liwo: Building therErogranm

s Convene a ‘Green ChemistiyaResearchandiEducation
Conference?; developraniawardsiprogramyestablishran
educational network

o

= Phase Three: Bullding the Euture A o

- Implement a technologyinnoyationprogramyestablishia 4
Green Chemistry InnovationtGenter; i



California Green Chemistry Initiative

A Year of Exploration

= 2006 ---University of Galifornia, Berkeley.
publishes Green Chemistry Policy Report

* Identifies three gaps:batay Saftety andiliechnology.

= April, 2007-~=Department oiaioxic ——
Substances Controlflaunchesitherstate i ] A
Green Chemicallinitiative 2

* Phase One
s SponserworkshopsiandiSymposid
* Hosts “A GConversatiomwithcalitormadanmontine biog
* Phase Iwo
» Holds publiciworkshiopsiandidiScussioniora

* Conyvenes a SciencerAdvisoryiane]
o Sets up “Key Elementilieaniss




California Green Chemistry Initiative
Science Advisory Panel Options Report

x 21 member Panel convened in 2007

=, Produced 38 policy options

* Focused onrencouraging s willingnRess; opportunity;
and/ capacity:

* Organized by demandesidessand ssupply=sides
options

* Ranging fromimprovingieducationitorpromoting
research; generatinginiormationstargeting

procurement; providingrawardSyniormming
retailers; andincreasingiregulations

SAP

SCIENCE ADVISORY PANEL




California Green Chemistry Initiative

Final Report

= Expand PollutionPrevention

= Develop Educationfandiliraining, Research and
Development andiechnologyaliransier

= Create an On-CinerEroductingredient:Network

x Create an On=LCinetioxics
Clearinghoeuse

= Accelerate the Quest orSaier
Products

« Move Towards a Cradlertorcradie
Economy.




California Green Chemistry Initiative

Legislation

= lwo of the six recommendations are being
implemented by statutes passediin 2008

= AB 1879 requiresithestatestondentity,.chemicals
of high concerninproducts;torevaluate
alternatives; and to)Speciiyapproprate
regulatory reSpenses

= SB 509 requires;the’statertorestablisiapublic;
on-line Tioxics InformatiomEleannghouse onithe
hazards of chemicalsiounain products




Lessons from “the States”
Willingness, Opportunity, Capacity

= Building/ publiciandiprofessionallawareness IS
critical

= Policies anddefinitions must be clearandiwidely
known

= Governments shouldieadrbutinot mandate

x Both incentives andidisSincentives arerneeded
with a careful balance

= Some financialireseurcesiaremneecded
= A central focusiforpromoetioRNSImporant

= Changes in curriculumranditeachiingns neeqe_'a-*
develop the new professionalSIanuWorKeErss

.
.




Green Chemistry and Commerce Council

= Established in 2005 to promote Green Chemistry
and Design for'the Environment

= /70 companies

(e.g. Nike, Walmarty CorporatelExpressy HE; Coastwide; lirue,
Colgate-PaimolivesHermman=Millersiimberand; SYSCO) Dow,
DuPont; SCG JohnRson)

=, Hosted by the [CowellNCenterson;
Sustainable Production

= Annual Conferences

= 3 Working groups
*  Advancing|DesigniorthelEnvironmentandiGreeniChen
* Tiools for; ChemicallAssesSsmentiancdivesign
* Drivers for InnovationfandiVarketng




Six Policy Areas for
Promoting Green Chemistry

N =

O O B W

. Develop a central institution(s) for promotion
. Develop capacityandiresources for researchiand

iInnovation

. Provide public technicaliassistance

. Invest in education anditraiing

. Build procurementiandimarketinceEntves
. lighten hazardous chemcalireguiations




Policy Options for Promoting Green Chemistry

0 | pport
|
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Policy Options for Promoting Green Chemistry

Executive Administrative Programs

x Establish administrative coordination and
program planning

Convene a highievellagencyindustny, publicinterest
council

Create aistate strategy - Roadmapi
= Environmentally~prererredipurchasing

Promote procurementohgreenichemstiydenyved
products

= Develop Clean liechimtiativesttieditorgreeniohs and __
economic developmentiVIANGeanniech PrOJect) » 4




Policy Options for Promoting Green Chemistry

Research and Development Support

= Government Eunding Programs

Offer seed fundingifor green chemistry research or,
demonstrationSiorsignaturenmbatives

Organize Industryparthershpresearchnnitiatives

=, Cooperative StaterResearchiPrograms

Create cooperativeragnculturalesearchiprograms;
biobased matenalsiresearch

= University-based CenternSuppornt

Establish university greenchemstiycentersiergrrunior;
Mass Lowell; Garnegie=MellonpUnoioregon

= Tax incentives/lowhncomeloansyextendedpatents
protections for innoOVatorSHNIGIECHICHERISTRAANS

i



Policy Options for Promoting Green Chemistry

Technical Assistance

s Sector-specific oribroad green chemistry
workshops and symposia

e.g. Pharmaceuticaligreenichemistiy conference; green
chemistry and pollitdtionipreventionworkshops; etc.

x On-site industrnalitechmecalisenvices

Integrate green chemstiyaresearchnntorstaterpoliution
prevention assiStanCeISEVIceS

= Awards and demonstrationiprograms

Create competitiverawardsiprogramsiiorpubiic
recognition

s Guidance documents androchures




Policy Options for Promoting Green Chemistry

Education and Training

= Promote college courses in green chemistry
s Support for curriculum development

* Integrate toxicologyandienvironmental courses in
mainstream chemistny programs

= Provide scholarshipstandigraduate student
SUpPpPOKt

» Offer studentfinancialiaide
* Sponsor studenticompettionsSiandiawands

= Encourage K=1Z programs

* Provide guestprojectsrandistudentiawarnds
* Develop summer teachertraimnyiprograms




Supportive Policy

= Action plans for high concern chemicals tied/to
alternatives dSSES mel
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Conclusions

= Green Chemistryis about reduction) ofichemical
hazards throughout lifecycles and is not
constrained by junisdictionaliboundaries

=, Green chemistiyiSithersssupply - olisater
chemicals but requiresssdemand=tas wellfthrough
markets and regulationsrBUlERGreen chemistry,
IS hot synonymousS wWithhchemicals policy:

= [here are great oppertumtesitoradyvance green
chemistry in educationygeyvernmentancdincdustny,
but great barriers;as well;

= Hazardous, waste managersSiknowithe o |

i
y 1

implications of toxic matenalSiandihave thes
knowledge and capacityitorbeleadersin thlé‘? dreds

s L



