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future generations to
meet their own negds.”
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Sustainability is 3 way of doing business
Lhat supports and maintains the enlerprise
irvolved, yet also protocts the environment
and prometes health and safety, There are
three interconnected aspefts: economic,
etwironmental, and social. In additicn. the
word “sustainability™ means the ability to
migintain, swpporl, endure, and sunive—
implying long-term cffects and preparing
for Lhe future, This fils in with the Uniled
Maticns Brundlland Commissinn definition
of sustainable development as “develop-
rient that meets the needs of the present
without compramising the ability of future
generations to meet their own needs. "2

SUSTAINABILITY AND
{OATINGS

What does sustainability rmean lor
coatings and the coatings industry? Lot us
begin with the econormic aspect, the idea of
sustaining cr riaintaining the business of
A painl manufacturer or supplier. The com-
pany must have ar develop producls that
mest riarket needs and must be ahblc 1o
tnake a profit on the sales of these products,
Eoonomic sustainability literalure stresses
efficiency in cvery part of a business, from
rmanagemeant i production, conservation of
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energy and raw materials, maintenance of
erjuipment, and minimiration of waste, The
ultimate efficiency would be to aptimize all of
these processes and activitics, Optimisation
saves maney, increases profits, and can pro-
vide additional johs, A logical conclusion is
that pulting effort into sustainakility makes
excelient sense for comtings-related husi-
nesses. Also, we must not forget that coalings
prormcte sustainability for other industries.
through improved durabilily of coated prod-
ucts such as automobiles, briddes. beverage
Cahs, oil tanks, furniture, houses, commersial
buildings, etc. Coalings protect against meis-
ture, corresion, thermal and WY degradation,
abirasion, chomical attack, and other thrests,
thereby extending the lives of the coaterd
chlects and they accemplish this with thin
films at ow cost.

WHAT MAKES A CCATING
OR COATING SYSTEM
SUSTAINABLE?

A sustainable coating needs o have the
lollewing propertics:

* Low solvent emission iow YOO

* Minimal hazardous air pollutants (HAPs!

+Inchusion of renewabls materials whera
possilile

= Use of low cost raw materials where
rossiblie

*  Straighttoreard, efflcient, low energy marnr
vfacturing, efficient pigrent dispersian,
expellent batoh control, and low washe



"The tools used are considerably more sophisticated than fences and weathering cabinets. They
include vartous types of microscopy (light, scanning electron, infrared, confoca), etc.); electra-
chemnical impedance spectroscopy (B15); nanoindentation; and measurement

of gloss{surface rovughness, surface wettability, end fracture toughness.

+ Relatively low energy nccded for cure

+ Good apiication properins with & low
lendency for suface defects

+ Long service life

Let us take a closer look at service life. The
mervice lite of a coating is the period of time over
which it has acceptable appearance and slpplies
aodequate prolection while in its scrvice environ-
menl ILis impartant bocause the price of paint
sy nat 4ol us very much about the cost of ysing
it, A cheap coaling with a shart scrvice Yife meay
well b far more exponsive emvircnmentally and
econtmically than a cogting that lasts a long time.
When the coatings industry made the same ar
siniilar coatings for yoars at' a time, service life
infarmation was known Lthrough field expericnos
and/sar lang-term Testing, Mow we have new chem-
istries and alternative technologies such as high
tand higher) solids solvenlborne, waterbarne, paw-
der, and radialion cure. Unfortunately, we rarely
have the experience or data to tell how thase now
coatings will hold up and what sorts of failure
modes will nocur,

A nurnber of investigators have been working
oft identifying kay faillure modes in specific coat
ings and developing ways of making meaningful
service Iife predictions.® 1 Marwy of the techniques
that are being used invelve analysis of coating
surfaces [often an 3 nanoscale) to follow chemical
anhd physical degradation wilh weathering [natu-
tal, accelerated, or just V), Othor methods follow
changes in elsctrical properties with exposUre
o corrasive enviromments, The tools used are
considerably more sophisticated than fences and
weatharing cabincts. They include various types of
microscopy [light, scanning eleciron. infrared, con-
focal. ele ] elactrechemical impedance spacttas-
copy (EI5); nanoindentation; and measaremont of
gloas/surface voughness, surface wettability, and
fracture toughness, Comuterized databases make
it possible to compare coatings, identify failure
maodes, delermine the most meaningful lests and,
ultimately, to detide on the best formulations from
a durakility standpaint.

However, service life is only one parl of a com-
prehensive analysis of the life of a coating called
Life Cycle Assessment {LCAY, which is the process
by wihich the cumulative environmental and eco-
nomic impacts of 8 product aver itg lifctirne are

measured 1~ A complete analysis covers
everylhing from raw material acquisition ta
dispasal of the cuating when the painted :
abjoct is serapped o recycled, The resulls -
of Assessments can be used to compate

products and processes in order to dotor- /'
mine which anes have less overall cost, Y A
envirenmental impact, &nc/or energy Use, k_/
Faor examplo, LEA can and is being used to w -
compare the cverall impact of waterborme

coatings compared to high solids moatings, Partial

855e55ments such =z thal of paint manuractur.

ing alane or painl shiop operations can be useful,

Once: an LCA is comploted for & given product,

changes in raw materials, processes, YOO e Lire

ments, energy costs oF Sources. cto. readily can be

factored in and new LCA numbers caleulated, LCS,

also can bo used as 8 marketing tool or dofensive

tactic, [tis likely that more and mare customers,

including do-it-yoursclt (DY) consumers, will ask

paint suppliers for LCA data on their praducts.
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RAW MATERIAL ASPECTS

The mix of raw materials uscd in coatings has
evolved over the years in responsea o 8 graater
understanding of the health and safety aspects
af materials and of their finite availability. There
used 1o be litle or no resiriction on the uee of
solvents and othar raw materials in coatings. We
now knaw that many of the materials that were
industry favorites are toxic, have odors that no
longer pre acceptable, are photochemically reac-
tive, and/or may cause cancer. Continuing to usc
tham would e againsl major aspects of sustain-
ability the need far sustaining the heaith and
salety of wiorkers and customers and the necd for
ensuring that neighborhoods around paint and
custumer plants are acceptable places to lve,
Fublic health and the environment are important
parts of the sustainability equation.

Besides the effecte on solvent usage, gov-
ernmant regulations regarding solvant cmis-
sions have had a secondary effect of driving the
development ot new polymers and oligomers.
crosslinkers, catalysts, and reactive diluents. &
good example is the development of latexes with
& hard core and a soll shell where the continuaus
phase is camposed of the shell polvmer in which
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the hard cores form ordered strueldres, There is
no need for @ coalescing scivent and it 15 possible
to develop a very law or 22r0-v00 coating. [n addi-
tion, more attention is being paid 1o the effects of
pigments Aand the quality of dispersions 1o reduce
Wiseasity and afllow higher solids, Low density, [ow
ail absarption pigments, and the use of wetting
Apents provide advantages.

PAINT FORMULATION

There also has been an evolution, perhaps
Even a revolution, in paint formulas and formula-
tion practices—all driven by one aspect of another
of sustainability (although il was not called that
at firsth. Due to poor and worsening air duality in
many countries, govcrnmeant regulations designed
to reduce solvent emissichs from coatings wers
instituted. Guidelinas were established restricting
the contont of volatile organic conipounds (VOCs)
in terms of mass volume, and the allowable lew-
els have been reduced every fow years. Initially,
many YOl were caloulated based on formulas
(ASTM DE201, “Caleulation of Farmulation Physical
Consgtanis of Paints and Coatings,” i5 useful far
doing thisl. The results showed how much solvent
would have 1o be removed from a formulation for
it to come in below the VOO Bmit for that type of
preduci. Often it helped to replace a sohent with &
lower density one [a eonsequence of YOO being in
mass of salvent per unit volume). The regulations
have led tn the: development of higher and higher
solids coatings and greater use of atternalive tech-
nologics, such as powder coatings and radiation-
cure products.

One of the difficulties with achigving low YOC
via high solids coatings is viscosily, Low solvent
lewvels give high viscosities and some high solids
coatings are harely sprayatle, The viscosities of
silvents become important; Lhe fower the better.
The solvents thal give the lowest viscosities in
solutions of specific resins need 1o be identified.

It is important for low molecular welght polyrers
and oligomers to have narrow molecatar weight
(VYW distributions and to minimize groups that
give hvdrogen bonding in arder to minimize viscos-
ity. Reactive diluents that can act like solvents
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and Lhen react into films can he useful, Beware of
anather visceeity problem, sagging—especiallyin
the gwan. Low malecular weight resing and oligo-
rivers keep Hght on flowing and flowing sven after
all of the solvent is gone. Materials are necded
that flatien out viscostty termperature behavior so
that the narmal deep viscosity minimum on baking
does not occur. A number of thixotropes accom-
plish this, Howsaver, controlling hot sag and orande
peel gt the ssene line is difficult.

More recent government regulations have
tended to place emphasis on hazardous air pal-
lutants (HAPs, alsp called air toxics), and most
cauntries now have lists of solvents and ather
chemicals, the use of which thay wish to mini
mize. For some tima, industrial hvgiens and prod-
uct safety peoaple had been directing the removal
ar limiting of 3 number of these chemizals and
othors of concarn because of toxicity, possible
carcinogenicity, ohjectionable odor, or othar nega-
tive aspects. However, ather chemicals on these
lists still are used in paints. This has led Lo more
wirrk an reducing sohlvent content and developing
salvant replacements. It also has made alterna-
tive technologies, particularly powder coalings,
more allractive,

MANUFACTURING

Let us look at sustainability with regard to the
manutacture of coatings. What about production
practices? Hislorically, paints have been pro-
duced an the basis of "maks it wrong aind fix it."
Formulas wers designed to need adjustrment for
colar, wiscosity, and, sometimes, other properiies.
After testing, more pigment paste was added to
bring the color to the specification (tinling). Mare
solvent or more of the resin-salvent [etdown
was added to lower the viscosity to the shipping
specification. The viscosity usually was fuither
adjustad at the customer 1o fit the application
equipment and conditions. The color sometimes
was [urthar adjusted as well. Primers and other
praducts with wide color latitude could be made
right the first time {firsl run}, but nol most others.
This scenario may be changing. but it appears
that a lot of paint is still made the old-fashioned




wiay. Improved sustainability requires more offi-
cient wanufacturing.

Thera s a better way, Some manufacturers in
Europe and the United States have been manufac-
turing coatings, especially small- to medium-sized
batches, using dispense techinology sirmilar to
that of tinting machines, but on & lavger scale. In
this process. all components are fluids—salutions,
dispersions, and solvents, The fluid materials are
piped to a dispensing head that hes g series of noz-
fles and carefully metared amounts are squirted
it & pail, drum, tank, or tote. Before actual pro-
duetion, a very small specimen batch is made,
tested, and adjusted to meel requirements, The
formula then is adjustad, and production batches
are made based cn the new farmula and shipped.
There is much better batch-to-batch consistency
than with convenlional production (each batch
should be exactly the same) and much less waste,

Sustainakle paint mamwfaciuring practices pro-
vide cnvirgnmertal benshts as well a5 economic.
For example, AkzaMobel recently Built a new painl
plant in Ashingtan in northeast England Lhat is
expocted to produce 100 million liters of paint per
vezar wilh reuse of 100% of water (helped along by
rainwater harvesting] and D0% of solvent. Bayand
that. it is expected 1o reduce YOO emissions by
9%, oot waste by 5%, and cut energy use per
litar by 50%, All of this will reduce production
costs and provide jobs at the samea time that it will
reduce air pollution and impact on the clivate. 1%

CONSERVATION AND RECYCLING

We also have begun to realize thal because
mast matedals used in coatings are based on
petraleum or natural gas, thoy are not going to be
availahle forever, This has led 1o much nterest in
renewable malerials, including biokhased resins and
intermediates hased on sucrose and other sugars,
soybrean oil, tall gil, castor oil, and cther natural oils.
Biocomparients such as BUCrosc palyals. soy poly-
ols, bicbasad acrylic acid and rmathyl meathacrylate,
slccinic acid, dirmer Tathy acids, 3-hydrosy propionic
acid, caprolactone lactides, epmxidired sucrose
ecters, opoxidized sovbean oil and acrylated deriva-
tives are eommercially availahle ar will be soon
Howeer, just becausc a material is binbased, it
does net necessarily mean that it o products made
fromn iL are sustainable. That depends on the bio-
nass saurce, how the product is made, how much
engrgy is needed 10 make it, and what happens to
it at the end of its life,™

Tharc have been disappoinbments with 8 num-
ber of biohased materials bacause propertias of
coatings produced from them were inferior to can-

ventionally produced coatings. Howewver,
Chishalm and coworkers have synthesized
vinyl gther menomers frorm soyhean oil
triglycerides and have iollowed this with
reactions with other monamers.™ ™ The
resultant palymers and copolymers have -
areatly increased functionalily, which

allows the development of matarials with excellent
hardness and mechanical properties. The “living”
polymerization process used provides contral of
palymor structure and molecular weight and pgives

a narrow MW distribution, A of this means that

new obased matorials with much better proper-
ties are possible.

Thors alsq is inlerest in the conserving and
recyiling of coatings, their components, and waste
from their application, pariculacly overspray.
Reuse of sohvents recovéred fram tesin and paint
manufacture is relatively straightfonvard, but other
recyeling has becn much more difficult. A sUccess-
ful approack has been Lhe collecting of leftover
latex painl from homeowners at special hazard ous
wasle disposal days (usually hald in a local school
parking loth and having il eventually turned into &
usable produst, The process is labor intensive, but
al least one company in the United Slates appears
to he making a success of 1L Every container that
is received is openaed and inspected 1o determine
il Lhe paint is usable. Good guality paints are hand
sorted by color for processing into recycled content
paint. Non-reusable pairts are manutactured into
other products, including one thal can be used in
Portland cermend.

The rmost unified approach has been with
FaimtCara™ Inc.. a nan-profit organization estab-
lished by the American Coatings Association to
ensure affective aparation and efficient admin-
istration of paint product stewardsivip programs,
oh behalf of all architectural paint manufacturers
i the United States. PaintCare is developing and
implementing strategies regarding post-cansumer
architectural paint reducing its generation, pro-
moting reuse of what is generated and collecting,
transporting, and processing whatever is |eft.
FaintCare's objectives can o summarized as
"reduce, reuse, recyole.” Seven slates and the
District of Columbia have passed paint steward-
ship laws and similar logislation is expacied to be
introduced in several olher states over the next
few years.

Arcither ared with potential is the recyeling
of autamctive factory paint sludge that comeas
mainly fram paint overspray. A company in India
has used dricd paint shadge in industrial primers
angd has blended it with asphalt {bituwmen) for use
on voads 2 There also has been g pilot project in
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the United Stales to use paint sludge as filler for
autometive sealants. Anything that reduces the
large amcunt of sludge that gocs to wiaste would
he beneficial.

ENERGY

Energy cerainly is a key factor in sustain:
ability, particularly electric power generation and
use. Fower is expensive, but we have never had
80 Many AOWer SoUrces, o many uppﬂftunitic:s for
mare efficient use of power, or so many tools for
rmanitoring and controlling use of power. For gen-
erations, we have depended mostly on coal and oil
for power generation. Malural gas now is calching
up and hiohased fuels are becoming more avaik
ghle. Fusls derived from plant material (biomass)
have the advantage of coming from renswahle
sources. Then, thore are alternative means of
generating power such as wind and solar, both of
which can provide on-site power a5 well as feed
the gridd. The heat from incineration of waste is
being used at a number of cormpanias dncluding &
few paint producers) to heat water to make steam
and/or electricity. The L3, armed forces even ars
trying direct gasification of waste.

Howewver, it matters less where you get your
power of olher enardy than it does how efficiently
you use it Considerable energy is wasted in
nearly all factories and offices, 20-60% by most
ACCOUnts. Saving energy saves mongy, Hardware
and software are svailable to monitor energy
usage and Lo control processes so that they usc
less eloctric power of other energy and,/or use
it at aoff-peak times. They normally pay Tor them-
selves in a few months.

Angther area of high use of energy related to
paint is at customer factories, particulary whean
coatings are baked. DRe way 10 reduce energy use
in &ulo factories is to simpiify the paimting process
50 it is more compact with fewer bakes, which
means fewer of the very expensive, high -energf
uge ovens, Most artomative coating systoms
conzizt of four coatings: electrodeposition {ED)

primer, @ second primer, basecoat, and clearcoat,
MNormally, there are bakes alter the ED primer and
the second primer, but the basecoal and clearcoal
arc applied weat an wel [more |ike wet on tacky)
and then baked. The twe main compact paint-

ing systems are tdesignod to remove Lhe primer
oven, After the E-coal is applicd and baked, the
Lhrees wet systom involves Lhe wet on wet on wet
applicalon of solventborme primer, basecoal,

and clearcoat, without any heoted flash zones in
between, followed by a final bake, There alsc is

& type of waterborme systam thal eliminates the
need far a primer. Following E-coat, two hasecost
layers arc applied wet on wet. Basecoaf layer 1
acls as & primer, filler, and anti-chip and provides
durability. Basedoat 2 provides calor and additional
durahility. The clearcoat is then applicd and the
baseroat and clear layars are baked together. In
additichn to reducing customer ensrgy Use, compact
systems also cut custamer investment costs and
increase productivity,

WASTE

Wasle disposal costs a lot of money. Labs
uscd to receive gallon cans of paint for testing
gven though oy a few milliliters were needed to
run most tesls. Architectural paints could be taken
home and used, but cther paints werc 4 waste and
had Lo be disposed of. Formulation labs made gal-
lons at & time and ended up disposing of at least
part of it. Many labs had high waste disposal bills.
That had Lo changs and it eventually dic]. Mow,
lahks make smaller tesl batches and many labs in
Lhe industry do their screening via high throughput
technology where they mako and test very small
coating specimens. Promising formulas are then
staled up for further testing, Far more impostant
is the nead to reduce waste in paint plants. Bad
batches mean double losses—the cost of making
the bBaleh and the gne for burning or alherwise dis-
posing of it. The painl manufacturing systerm simi-
lar to tinting, discussed earlier, makes bad batches
vy Lnlikely.

Wasting of paint also ocours in customer fac-
lories. EXCess OVOrSpray is one example. Another
example is repainting to repair surface defects
and dirt, which lowers productivity and may lcad
to field defects and failures in the repaired areas.
The Japanese changed our attitudes toward such
waste with their concept of "ne louch,” the prin
ciple of achieving such guality that repairs are
unnecessany, Far hath the paint producer and user,
"no toueh” reglly means making the best quality
paint possible and applying it wndor such condi-
Liors that there are no defects, no dirt. That is a
lofty gaal, bul it can be danc,



FUTURE SUSTAINABILITY TRENDS

+  Wore efficient developrment and manufacturing
of paints (greater vse of computarbased sids)

v Further reduction of YOCs and HAPs

v Higher =olids, more waterborne, mare powder,
maora radialion oure

= Mare bicmalerials vsed renewable resources)

= Coalings with greater durabillly

= More wel on wel processes

v Loweer curg lemperalores

= Beller enerdy conssrvalion

= Closer cooperalion wilh usars 1o prevent sure
face defocts and awoid repainting

¢ More customors wWho want o kncs Yo Sus-
tainakility record.

CONCLUSIONS

Sustainakility is vital for our industny it we
hape to survive and prosper. We gre improsing
our degree of sustainability on average, but with
grzat variation from company to comparny, There
i= muck more to do in order to increase manu-
facturing efficiency and decrease environmental
impact freduce VOO and HAP=), There is a need
for suppliers to develop materials that are more
sustainable, yet competitively priced. Whete practi-
cal, more of these should be based on renewable
resoUrces. INprovemenls in energy consarvation
must be made and waste must be reduced, All of
these thinds are good husiness and should result
in graater profits and more jabs, @

References

1. Werd Commission on Erviranmert and Developnment
PWCED), Cher Cuarnenons Futre, DhCord dnieeraily Prese,
Qsfiord, England, p. 43, 2857,

20 Hotesor, koand Seria, T "Susidinabiibe: Medting The
Yeeds of Taday and Tomorioe.” SoadingsTech, 10 (100,
Ad-AT (Dcliner 20240

30 Martin, 1w, et al. "watnodologies for Pradicting the
Serving |iwes of Coatings Systems,” Federation Seriss
an Coatings Technology, TSCT, O Le Gel, PA 1298, See
Fig. n st g Bfripa b Laniled 26, POE B RGO0R pall.

4. Marting 1WA Svebcims Approach to the Samvlce Life
Pradiction Proglen for Coatings Systems.” Sre Sirgnisl,
s/ hfri pubes o 1d97 PO ABE 036 adf.

S Gu, A, etal, "Ahvance Technig.aes for Manacharactar
lzatich of Fabymonc Coatlng Surfaces,” J. Coat. Technol,
mas, 1AL 181 200

E.  Mauvcn, |, ctal. "Degiacation Modas af Crasslinked
Costings Frposed to PRotahvic Frviconment,” S Coad
Technal Res,, 10723, 1 14 (20135).

T, Hinderliter, E.R., and Crol, $.G., "Sirwlatiors of
Manoscale and Macroeconic Property Changes an
Cozt'rds with Weathering, ™ L Coal, Tectonl Bes., 4 030
203212 E003).

5, Croll, 5.5, Hinderlite«, B.F-, and Liu, 5., *Slalisl il
Approaches for Pradicting Weathering Degradation and
Sarvice Life," Prog Qg Coat, B9, TEET (20080,

9. Cral, 26, ard Ninderlter. R, *Cetimating Serice
| iFetirnes in Weatharing: bo Optimistic Wiew, " ) Coat
Techrnol, f2a., 4 (31 217 230 (20067

14

1,

17

1a.

15.

20,

21,

21,

23

24

Cogll, 5.3, "Applications aad Limitatioas o SLrert
Lndearstanding Lo Ml Failure Mocdes ir Coalings,” 1.
Cazt. Tachnal, Res,, 10 (1% 15 27 (20130

Scaoff, T Ar atroduction fo 1ife Cucle Azsussmeat,”
JUT Cegptings roafy, 1501, B2 Clanuary 2018].

Piarce, C.1.. anc Seeley, LB, "Ervironmertal Life

Cwpla Assessmment al OEN Anlomalive Painl Shap
Technalsgies.” Paisr & Scatngs ind., 30 (77 32-44, e
AT (Il 1, 207470 Also ralrigvalie o s, acimag,
camnfarticles print 292315 envi-onmertal life cycle-
AESEESrIert.

an eshaustive 12t of LOA resourecs |5 awa lable from
EF& [ eps, Bov nmarl /st s s/ resaurcas bt nt

Cormprasgr soflware Riols lor calcalaling LOA includs BEES
(Building “or Crvironmeatal and Ecaaomic Suestainakbility
Faarn MIST, GaR freen PE Inlerralivg ml Deesesdi li-
zofovarc.carm/L0A, LEA Calow latar ivveeelcacaloylator,
com), openl CA S opsn g o), and FRE Coosullans
S maPra (e pre sustainability.com,/2imapno,

Ottewsall, 5., "Sustainability Gets the Spatlight.”
Chigmical Procossing. May 20144, pa. 2325 (alsc wew.
chemicalprocessing.com, ssues/ 2014/ maw-20147].

Girh, G Bin-Basad Rool Cozalings,” e,
Saptemnber 2001, ap. 36 39, (wenweci-online.orgs
irteerfi ey 2007 LG gl

Farairarta, A., Pan, X.. and Webster, O, "Highly
Functianal Acrelated Riobased Resin Svstern,” Racdbtent
Foport. 12euc 1, ppo 26-13.0 2015,

Cavies, YLK, and Lensbhouer, 1., “Biobased Viaterials
I3 LW Coalings,” Aaileah Koperl, [22ue 1, po. 23-29,
2014,

Riller, K., Wil Bin-Basard Malerials Fiad & Foolhold in
Pavider Coatings.” Powae Coat, Inst, (ttpSfsmicles,
racdear ol inggor g A0LA AT DT will-bickUsacmaiarnial s
find;.

Coatings Kpsrisnge, "Biobazed Cheninals and
Azscsziment of Susminability,” Coatingsfach, 11 (6%,
A0 [ ure 20040,

Alar. 5., and Ghisholn. B, “Coatings Derivec fram
Movel Sovbean Gil-Fased Palyrers using Carbonstiono
Polymarlzation,” [ Coat Technol, Res., B 08). 671 EE3
(20175

Chernykh, &, ot al, "Living Caraocatlonle Palarenzat cn
of 8 Virwl Ethe- Meaomer Derived from Sovbeaq il
A-pulnyloey) cthid 2avam” Groon Chom., 15, 1834 1838
(20130

&lan, S, ol al., “24virdany Bt Sovote 28 a vVorsacc
Platforn Chemical for Coatings,™ Eor, J, Ligid Sci,
Teotingl, 116 71). 2-1= 2014,

Aazan Ewironmenal, e, wwh.amazanpaint.cor,

Sar, P, "Prinling [he ey o a3 Gresnsr Folurg,”
Sustainabiit: Ouraork, w2 dztainsbilitvoutlook.irf
caarbarily pEninling-wsy-grssner-lularg, 7 Mo, 2001,

General Referances

wowm IR CORjadrnal susTar a il iy

vy pialt.argss detainability

wnwy blaorberg.comysasustainabiline

wwy, Zheguardian.comysustainab e-ausiness

vy 5. stainablaplant.com fArnears moha no nnger active, but

heick IsEows O wsorul)

AUTHOR

Clifford H. Schoff, Sconall Associzles,
Allizor Panrs, PA 15101, USA c_schoffdCamsn.com,

lore 20145
TR TR




	an indroduction pg26
	an indroduction pg27
	an indroduction pg28
	an indroduction pg29
	an indroduction pg30
	an indroduction pg31

