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Introduction

pimetheus, Prometheus” younger brother, precipitated the
world’s first mat.rials crisis, Charged with allocating the
earth’s resources to its cicatures, he gase wings to some, shedls
to others, but was 50 recklessly extrav agant that he ran out
befure he came to human beings. Prometheus sulved the crisis by
stealing fire from the sun and giving it to mankind, With energy, the
ultimate resoutee, humans could torever fushion tools and hilﬁllt:l
from the abundant eiements in the earth.’ '

The essential truth of the Fromethean myth consvey s both great hope
and wneern for sustanming human sodicty. Energy transforms the
earlh’s rnost common glements into inaterials humans can use, Trees
wse sunlight to produce swoud sirtually from thin air, 93 percent of the
wuight ui’ the great mass of a tree comes frum carbon divxide taken
from the atmosphere,” Suciety similarly applies cnergy to process
ubiguituus mincrals. Silicun, aluminum, and iron wmpuse 40 pereent
of the carth’s crust, and from them mankind Lakes bricks and ce-
ramics, blows glass, and refines pure ingtals, Tron and aluminum, in
fact, constitute 94 percent of the metals used loday.”

Wood, iron, and alununum are nov among mankind’s nwst impor-
tant materals, and they will be the basis ot a sustanable Tuture. But
the future availability of these basic building blocka i douded by the
uncertan future of energy, a resource wath painfully obvious con-
stramls.! Sumply mantaining wirrent lesels of matenals produdction
will require prodigious quanthities of energy. World steel production
alune consumes as mudh energy annually as Saudi Arabia produces.
To increase worldsade per capita use of metals to L5, levels would
require the energy output of seven Saudi Arabias, or 40 percent of
aurrent total world commieraal energy wonsumption. Many people
still lack basic maletial amenilies  melal for water ripva, wood for
housing—and the world pupulation gs stll growing. Recy ding, fortu-
nalely, can cut the energy required in materials production by 50 tu 90
perent, and thus help natros the widening inequity betwoeen the

> world’s rich and poot.

I would bke to thank Hershel Catlar, Detrd Delasot, | Rodiey Ldwands, Tolly L
Goan, wiid Russ Camitey Tor rovcw ing, U ninusaipl, Sandic NsIson for ads sy, and
Stisawi Hill for amsistance N preparing lhis pubhcabon.
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Throwing anay an alumnum bev crage condainer wastes as much
energd das pounng out o can half-filled with gasoline.” Failing to
recide a daly edition of the Washuigton Dost or Losdon Thues wasles
just s muddy Becattse the production and consumption of energy in
wood, durmnuam, and stevl processing ceale severe environmental
problems, environmental protection regnires recycling,.

Rewsching alsu offers a substantial reduction in the cost of wasée
dispusal. The cconvmie burdenand the political diffulty of expand-
ing; uty dumps trequenth prompt communitios ta turn L recy cling.
Sulid waste dispusal costs ;30 to $100 per ton and represents a major
budgel ilem for many uls.” Residents viten react stronglhy against
hav ing dumps located near their humes. The prospect of achicving a
40 percent reduction i sulid wasle, as some ities have done, pres
sents leadets with a tanggble political and ceonomic oppurlunity.

Recviding thus saves energy and vypensie raw materials, protecls
the environment, and cuts wasie disposal custs. Deapite these advan-
tages, onh about une-guarler of the word’s paper, aluminum, or
sleel 15 recovervd for tense. Nevertheless, certain countries have
miade remarkable progress, and this progiess has been promoted by
comman factors, Areds with lugh energy costs, scarce raw malerdals,
and a strong desire e protect the environment have performed best
i rec ching. These aties, slates, and countries have des cloped mar-
kets for the waste products they wllect, and they have ﬁxcililatcd
colfection g swide vanety of ways, Many wountries fat e iny ested in
recsding equipment even when locally avalable scrap has been in-
sutticent i satisfs demand. They have imported wasle paper, scrap
iron, and alununnm scrap and =0 have aontributed to recyding else-
where, Therr tnvestments have saved wapital and energy and have
mproved ther abidy to compete minternational markels by re-
Juang debt, imiprovung trade balanees, and reduding the cost of their
paper, ron, .uu‘ alummum. A large international wade i cecyclable
matenaks has developed, i fadt, providing a pawerful nesw tool that
can e used to transform o wasteful workd materials industny into one
that is sustainable.

RIC 8
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“Throwing away an aluminum beverage
container wastes as much energy as

- pouring out a can half-tgi{led

' with gasoline.”

Sucicty is much like a tree that may fabricate abundance from “thin
ait” bt temains absolutely dependent upon sniall quantities of nutri-
ents tahen from the soil. A French journal secently asserted, “For
industrial suciety, manganese and vanadium are more precivus than
gold,” and swarned that modern divilization would be inpussible
without exotic metals. Chromium, manganese, magnesium, cobalt,
and platinum are te society what nitrogen, phusphorus, petassium,
and sulfur are to the green plant strategic materials, Chre nuum
hardens steet and protedts it from rust. Cobalt provides strength and
high temperature endurance o tarbine blades and electromagnets.
Magnusium strengthens aluminum.” Exotie metals by defimition do
not exist in abundance in the carth™ crust and are not used in huge
quantitics, Exeept for copper and lead, mdustry recy ees very small
pereentages of thoese materials, Technologios for reeosering eaotic
mutals are slowhy developing, however, and will be increasingly ap-
plicd. Beeause chromium, manganese, nmt.im::,mm, ard mpﬁcr (re-
quently serve as alloy s, they aan be recyded i concert with the base
metals iron and steel and” aluminum,” Preaous metals need to be
reey ded more efficiently as they become swarcer and more expensive,

- or replaced by more abundant substitutes, In this conteat, the Pro-
methean my th s reassuning. Materiala may be recydled or processed
from low-grade ores as long as energy b sulficiently avanlable and
afferdable. And oy en il the exotic metals must be processed from very
low grade ores, the quantity of energy required should alway s be
manageably small.” -

Iron, aluminum, and wood take priority i recyding because their
production requires rwdlgnuub yuanthities of ciergy and causes major
emyironmuental problems. Alsu, their abundance should satisfy de-
mand for base malerials i the foreseeable future, Among resources,
howeser, wood lakes a spedal place, Waod is both a fuel and build
ing material. [t is the raw material for paper. It will replace vil as a
feedstock for chemical» production. And it 1s renewable. Suslainmg
the sworkd’s forests, already being depleted faster than they are bung
renewed, is a spodial newessity. Yet progress in reavding paper has
bL'l.‘{‘l nuw here near as dramatic as i aluminum, and the paper re-
<
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eviling industry does nut eyen approach in size that of iron and steel.
Each material eeyquires different redy ding technulogics, policies, and
markets. The wonstraints on ru-..)d)ing, may differ from resource to
resource as much as lrade barriy s for iron scrap ditfer from tax
subswidies tor timber harvesting, The resolution of constraints may
require daction on planes as different as loal zoning buards and inter-
national trade cotrmissiuns. Each wesource, 1ts potential for recycling
and s speaal techmaal and political drcomstances, must be con-
sidered in turn.

The Virtue of Necessity

Recviding has been an emyiruntiental goal for a decade now, but only
a few argas of the world haye nade significant progress. Voluntary
revying efforts have brought some success, but progress has come
about mamly 10 response to newssity, Countries that b e increased
materials recying ﬁ‘d\tf bevn motiyvated by three main factors: short
supply of rass matenals, high energy and capital costs for processing
matertals, and high enyvironmental costs in materials production an
dispusal. Countrivs that have failed to make progress have Fcnerally
masked necessity with price controls and trade barriers. Those that
has e succeeded, however, hay e turned theie handicaps to advantage.
They have cut both enysonmental and economic costs of materials
WS,

Metals recovery reduces pollution. Using coke in iron ore reduction
produces LUEluua quantues of airborne particulates, inclading car-
anugeni subslanees such s benzopy rene. ' Recycling iron and steel
reduces these particulate emissions by 11 kilugrams per metric ton of
steel produced, Recycling iron and steel cuts coal and iron ore minin

wastes by 11,000 kilograms per metric ton recycled. These soli

wastes, Unless handied properly, can contaminate surface and
groundwalers with aad and toxic metal drainage. Recycling alo-
punuin redoces air emissivns assodated with aluminum production

10




“Countries that have failed to make
progress in recycling have generally
masked necessity with price controls and
trade barriers.”

by 96 pereent. (See Table 1) By doubling worldwide aluminum re- 9
covery rates, vver a milkon tons of air pollutants- including toxic
+ Nuworide—would be eliminated, !

Table 1: U.S. Environmental Benefits of Recycling’

Paper Aluminum Iron & Steel

{percent})
Energy Use Reduction 30-55° 90495 60-70
Spoil & Solid Waste Reduction  130° 100 95
Air Pollution Reduction 93 95 30

Wereent redontivnan BTTL:., tons ul wasty, lags of parinodates, i, por ton ut mato sl
produced frum waste. B lers b combustion ob oth comnwtcial energy and woud
tessdues, Mure thas a [ porent reduclivn is pussible brvasse 1.3 puunds of wasty
r.pur 1 reyuired 1o produce vie ponead of fecced paper. I all papor woe cecsded,
he waste reduchon., vl coutse, would vgual enly Iﬂg purcent.

Sources: R.C. Zweghes ebal., Impots o b rgernared Becyded Stoedwrnd Aliitnion (W asting
< ton, D.C.US Toveonmental Protection Ageany, 1976), and Wske Paper
Raweery (Pans Urgatisaton bl Leonomine Co-uperation and Doyclupmend,

1979).

Faper reci\clmg helps preserve furests. Caper produds use about 35
percent of the world s anpual commeraal wood han est, a share that
will probably grow to 30 percent by the year 2000, Although a
sangume attitude cegarding the state of the world's forests holds a
certan tollowing, there s little reason for complacency. The word's
tropial hardwoud furests will probably decline by 10 percent by the
end ot the century. The suftwood forests of western Russia have lung £
been harvested at hunsustainable rates, The suftwood furests of cen-
tral Europe may be killed by air pollution by 1990, and the resulting
decline i woud production w iﬁ only shitt additioral pressure to

other furests.'” The United States produces a third of the world’s

ERIC BT
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commercial torest prducts, and its furests would be expucted to take
up much of this slack. But tie llan est of mature softw ood torests in
the United States has exceeded replacement for severad decides.
Industry-om ned forests, in fact, have been el su heavily that mature
trees have been depleted at an annual rate of | ta 2 perzent, .\pp".lr-
ently since the early fifties." -

Statisties eaaggerate the solume and integrity of U.S. farests, In the
United States, a torestis defined as an area as small as one acre that is
20 percent-covered by treps, Mature softwood trees are defined as
trees over mine inches in :-ﬁmmeler, though this criterion describes a
very voung forest. The forests thus masy ol be as ample as many
imagme and may require additional protection. Intensiseh managed
torests will not retain the specaies dis ersity of natural forests and will
not be as restlient against disease and pollution. Ads ocates of more
intensiv e larvesting in the Umited States point oul that “grotving
stock” has been cat at rates far below replacement, but these advo-
cates ignore the fact that, as the Wull Street Jonrsal put &, “these
forests are netther deep, not dark, nor lovely.”" Much of what 1s
called torest can neather satisfy huiaan avsthetic needs nor produce
commercial timboer,

Paper rect ching wan help satisfy additional paper needs for vears to
wome. Onlv 23 percent of the wotld’s paper is now recveled, though
no techmeal or ccononie reasons prevent the doubling of this share
by the end ot the century . Reas ding half of world paper used today
would meet almost 75 percent of new paper demand, and this would
tree eight nnllion hedares (220 weblwn acres) of forestland from paper
sroduction, an area egual to about 3 percent of Europe’s {orestland.
hut projections of the future use of the waste paper resource are far
less optimustie, Frankim Assouales, a wonsulting firm specializing in
paper recyding, projects that teesded paper will supply only 28
percent of world paper production in the year 2000.'

Less well known are the econunue bunefits of materials recveling.
Produang paper, alumimum, and iron and steel from secondary in-

12
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“Investing in paper production from
waste paper instead of pulp can save
about 50 percent of investment costs.”

stead of vrgin matenals topraally cuts iny estinent costs by one-halt
compared to contentional production, and, depending un the prod-

- wf and the country, can cut total costs significantly. Debt-ridden
devcluping countrics and ther lenders could often double the pro-
Juetinity of the scaree capital available to them by investing in secon-
dary rather than pramany matenals producton. Investing in_paper
production from waste paper instead of pulp can save aboul 50 per-
cent of investment wosts,” Beaatse energy cosbs also are lower for
paper reyding, reavdled paper cancompete favorably in many paper

- markets, depending on the wost of olivcied paper. The initial iny est-
ment wsts for producing alumimum and iron’ and steel from scrap
instead of ore are 25 to 30 peneent o, and total production costs
can be 10 to 30 percent lower.

Mane natwns continae to mash the growing neeessity of capturing
recyching's bunetits. They subsidize energy use wilh price controls,
production tax meentines, and the uncontrolled encironmental cost
at produdng and umng encrgy 1 matenials processing. The full cost
of vnurgy -miensive materials 1 not acairately represented in their
piices, and the incentis e to reduce these wosts is diminished. The true
cost uf energy incdudes the cost of damage to forests from add rain,
human health from particulates, human and aguatic populatiuns dis-
placed by by deocledtne projects, and so on. Solid waste dispusal costs
ustlle are paid i general taxgs, not by persons who create waste,
leavang no neentive to reduce the wost of waste, [xrurt barriers have
buen erected spedfically to ceduce the price of metal scrap, a measure
that reduces the incentice to wlleet serap and makes it less avaitable
as a substitule for primary matenals, Countries performing best in
recvcling have avoided these pitfalls,

H
i

Waste Paper Recyciing !

World waste paper consumption has increased 10 percent since
1963, Tapur consumption has duublvulf over the same poriod, how -

ERIC 13
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. have not excelled, recy ding 18,

ever, so the share of paper redy ded has changed only 51@%}, from
20 pereent it 1965 to 24 percent in 1982, Despite the world’s poor
paper recyding record, cortain countnies have achieved much higher
fates ol reqyching than others. (See Table 2.) Moreover, much prog-
ress has been made only in the last ten years. (See Table 3.)

Japan, the Netherlands, Mexico, South Korea, and Pertugal lead in
waste PAPUT TN ETY OF USC. jaFan in 1980 cullected almost hallof the

aper it consumed. The Netherlands recovered 41 percent of its paper
in 1980, and has led the world for decades in paper recycling,.

Why dv some wountries perform better than others? “Fiber rich”
countnes such as Canada, Nurway, the United States, and Sweden

23{ 26, and 34 percent, respectively,
The United States, however, 15 1n a category by itself. Though it
recyeles only a quarter of its paper, 1t nevertheless leads the world in
exporting waste paper.

The admurable paper red ding performance of Japan, South Korea,
Mexico, the Netherlands, ana Purtugal has been prediclably pro-
moted by necessity . These “fiber poor™ countr s, without substlantial
forests avatlable l}ur pulp wood harvesling, have been pressed by
price and searaty tw consenve waste paper, This may be parlly a
matter of chowe for the Japanese since they have substantial forests
on their northern islands that they do not heavily exploit. South
kourea has made great stodes in reforestation, but still places heavy
demand on 1ts forests, espeaally for firewood.™ Svuth Korea, Port-
ugal, and Mexio doubly contribute to waste paper recovery. They
have high natiwnal rates of waste papet recovery, and they import

waste paper.

“"Markets first, wllvctions sevond,” should be the philusuphy of recy-
clurs, according to Runald Rusenson of the Nativnal Assuciation of
Recycling Industries in the United States.™ That is, the first priority in
materials recyaing pulnﬁ shuuld bue to establish demand for” re-

eychable products. T markets are established, collection will follow.

14
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Cuuntrivs successful i recyeing, howeyver, have simultaneously es 13
tablished markets and encouraged wullechon with strong measures,

Table 2. Paper Use and Waste Paper Recycling, Selected Counttries,

1978-80
Annual Paper Recovery
Consumption Per Capita Rate*
{pounds) {pefcp;u)

Menico n.a. 50
Japan 326 45
Netherlands 347 43
Spain 156 46
South Korea 87 38
Hungary 132 37
West Germany 346 35
Sweden 477 . 34
Italy 205 29
Brazil 64 29 .
Australia 295 28 )
United States 580 26
Canada 417 18
Philippines 22 16
Nigeria 7 2

World Estimate 80 24

aste paper collected a» o purceni ut papetsunsumption, three vear avetage, 1978 80

Source: Waste Paper Data, 1975 30 (Rome. Foud and Agrrultur Organization ot the
Urated Nahons. April 1981)

ERIC 15
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14 Table 3. Waste Paper Recovery in Selected Countries, 1960-80"
1960 1965 1970 1974* 1980°

Australia n.a, 16 .. 33 %
Austria o 23 30 30 33
Canada it 15 i9 18 19
Denmurk 21 13 I8 28 27
France 27 7 28 31 30
West Germany 7 27 30 R 35
italy 15 17 21 28 30
Japan n.a. ¥ 3 » - 7
Netheriands M 3 40 46 H
Nuorway 13 20 17 21 22
Spain R 28 23 32 33
Sweden k) 2l n 28 33
Switzerland 33 33 31 10 35
Litited Kingdom 28 2 29 8 3
United States n,a. 22 H - a7

World Estimate n.a 20 o) R | 25

Warsle paper collecded as f'uum of prapet comsamption Dat Tor 1975 wnas alale,
v Pl tor Linsded Statos Thow volkeos are Tor 14950 widly. Tabd 2 pun s nLeTagy
saluw tor F978 fRrough Lsa

Sources, Vigamsdbion tor Beononiie Cogporadwon aned Desdlopimont e 1973,
5 r ¥ i
Limtedd Natmns Foad and Agncaltare Gegamizabon J1950]

Suvevst in Japan and the Netherlands has been motivated by twin
necessitivs. 10 addition to being “fiber poor,” both are crowded,
land-pour countres with populations strongly opposed e waste
, dumps. These Bactors lugvlt\vr drov e up buth the coonumic and the
<
ERIC - 16
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pohtical osts of wasting paper. Importing finished peper was ex-
penaiv e, and the Japanese people passiwnately opposed location of
dumps near their homes, making 1t politically costly for leaders to
werfide resudents” proteats, The utcﬁ have stmilarly wpposed land-
till dispusal of municipal waste, Since 20 to 40 percent Ufﬁ] ranese and
Dutch mutuapal solid waste is paper, paper recycling offers a con-
siderable reduction in waste disposal problems.

Japan » success i ecy cling began with the pressure of demand, since
Japan 15 the world's second Lirgest consumer of paper. But citizen
pressure for environmental protection played a hey role. Demand for
waste reduchion and forest protedtion pushed Japan into reeycing as
much as markets pulied it o a high rate of paper recovery. k:[“Il(e
marhet tor waste paper crvated by the high paper demand and scarce
torest resvurces sabisfied the first critenon, 'ﬁlc solution of the second
crterion, etfectn ¢ collection, has been achivved with surprising di-
versity. This suggests that wollection can be made to work in any
numbet of crcumstances, as lonyg as collected waste can be sold for a
reasonable price. -

Japan's efforts i iecvdig have hstorical roots bul began in earnest
in the md-sixties. Now ‘ﬁwut 10 pereent of Japan®s total municipal
waste 18 recycled, and efforts are continuing 10 increase this pro-
poron. One of the first programs in Japan resulted from the cfforts
of a phivate entreprencut who in 1966 persuaded the government of
Ueda City to pay hum a portion of the “avoided costs™ of landfilling
the matenials that his firm recy Jed. The avoided cost is the expense
saved by wasle redudtion. The city found it cheaper to pay a small
recyelng ineentive than to pay a larger amount for wasle disposal.
The plan requtres residents o separate refuse into combustible and
noncombustible matenal, Glass is separated b{ hand at the dump and
terrous metal removed by magnet. Overall, refuse disposal has
dropped by 8 percent.” . :

ERIC 17
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Hiroshima has achieved stunming success, disposal of raw refuse has
been reduced by 10 pereent sinee 1976, The City Environmental Pro-
et Burcau helped organize partiupation of student clubs, parent-
teacher vrganizations, and simiar groups to teach and encourage
vitizens to sott and prepare theu garbage for collection. These organ-
1zations contract with waste haulers who dediver the material to recy -
ders or to the oty Pay ments go to the nonprofit groups at or above
marhet rates, with a subsidy made possible by savings from avvided
landiill fees. Gitizens are urged to sort their trash into three main
wategories, paper, noareturnable bottics and cans, and non-
combustibles, Paper s cartied to local paper collection wenters located
within.a fes blucks of most residents throughout the city . Other
tems are placed m special bins wnd are collected separately”*

The size and density of Hhroshima's population (878,000) obviously
has faahtated its recydding suceess. The small less densely populated
suburban town of Mizuho, however, witn a population of only
22,000, reported sumilar results. As in Hiroshima, citizens’ organ-
izations are used to encourage recyeling, But instead of paying
groups fur garbage recyded, the aty sself wntracts tor collection.
Revylables are thun sold, with the Gity keeping 40 percent of the
resenues and pay g 00 pereent ta the community groups responsible
for promoting source separation,™

Another means of overcoming obstades to collection has been dem-
vnstiated in Fuchu aty, a suburb of Tokyo with a population of
187,000, The uty purchased the necessary recydding equipment and
pays a wempany a fixed fee forits opetation. Thus, the obstacle of an
insutmountably large up-front capital requirement for the prisvate
firm was avurded. An ineentine o inaease the firm’s performance
was added by allowing the firm to l\cv[ij 20 percent of the revenues
earned from the sale of recyuled malerials abu e the cost of collecting
the refuse and vperating the faality. In the Shiki district, the govern-
ment also made Lthe initial dapital investment in equipment, but
tutned its uperation vver tu a firm to which it pays no fee. Instead, the
firm varns all of its revenues from sales of recyclables.

18




"The Japanese make it easy to
participate and difficult not to participate
in paper recycling.”

"We have te change [wastetul] culture from the very roots,” asserts
Munco Matsumoto, an offiaal in Machida, “the garbage capital of
Japan.” Machida boasts that its new recyding program of source
separation and computerized processing recyces 90 percent of the

~aby s garbage.”? Progress such as this flows from the legendary dis-
uphace of the Japanese, thesr procliaity for efficiency, and their will-
INgness tu cwoperate and solve problems. The grassroots information
system provided by utizens and ditizens' grovps works well, appar-
ently as a result of the incentis eafrc.l\idc the groups, The Japanese
make it cast to partiupate and difficult nolt to participate in paper
recycling.

The Netherlands™ approach to waste papur collection has been differ-
ent from Japan's, but has been just as suceesstul. As in Japan, neces-
sity motn ated natonal and lodal gosernments to ensure waste paper
recyvling, Both iiber resourees and land fur waste disposal have been
stare. The Netherlands has historically achivved the bect paper re-
wdding reeord in the world, using o I)-W key pollcies to make the
marketplace work better. Fur example, the govermnment established
the wotld's it waste exchange, a free brutcmgc senvice {0 match
buyers and selfers of waste, The gosernment has aloo aftempted to
stabihze the ty pical boom and bust ¢y ues in recyclables by establish-
mg, "buffer stucks.” The regyding industry is particularly s ulnerable
to wald cyclival swings in the market, and the recent recession has
bren the worst fot the recyJding industry since the Great Depression.
Buffer stocks enable collectors of waste paper to sell to the
sorvernment-established fund svhen prices drop below a pre-
detertnined leyvel. The stock 1e sold when prices go up again, and the
ke . ] .
tund ss thereby replemished. ™ Sume economists say this appoach is
costly and somutimes wounterproductive. It s difficult to match ity
aperation with the needs of the market and thus to ay vid undesired
marhet distortions, Yet, the approach has beer used both in Japan
and the Netherlands, the two Eadmg nativns in paper revy cling, and
may mwerit further consideration.™

The Netherlands strungly prumotes suurce separation, though differ-
enth from Japan, Whereas Japan has relivd more on awareness,
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nformation, meentines, and anmies of aonprofit organizations, the
Netherlands stmply enacted a law requinng searce separation in all
munpalities that hase contracted for collection of waste paper, This
fact remfores the observation that any number of pulicies may be
applied to clfect recycling once socicties decide to do it

Mandatury suarce separation has recently been applicd with success
in the Unlted States, ishp, New York, was sued %_\ the state to halt
landfilling, partly brcause its landfill was contaminating under-
ground water and svicasing vinvl chloride into the air” A court
st tlement run.’uucd the ity te mudiate redyding. In o program dubbed
WRAT, for Wednesday Reavddables Are Picked (Up‘i residents may
be fined up 10 $230 for noncomphance.™ No major enforcement ac-
tions have yet been needed, however, because a 50 percent com-

hanue rate has oxeeeded the dty’s capability to handle recy dables.
Cive msprstors patrol the collection and ssue warning tickets 1o
huuscholds tling to comply. A houschold that has been warned
several times but Jdoes not wouperate eventually will face non-
collection of its garbage.™ The willection progratn, moreoter, has
succceted without costly investments in suplustivated engineering
deviees. Residents simply place recyelables in containers with glass
and cans un top and paper underneath. The Gty sorts ferroas material
with magnets and the rest by hand, as in Ueda City, Japan.

Tu encourage market dos elopnient, the Scandinasian toustdries hace
a woperative wast: csehange, Sweden, in facy, helps industries with
hazardous wastes soad buyers who wan put the material to productive
ase. ™ A West Gernian waste exchange foanded in 1974 has brokered
over 20,000 olfers and reguests for ey dable materials, and has
eapanded mto Austna, Switzaerland, northemn laly, and [',ml_uv.“ But
the experience i most of these countrivs suggests that Intormation
and market assistaiye, though necessary, are not suflicent to reach
high levels of materials recyeling.

Newessily s the imother of volledtion, and uneven distribution of the
world s furest resournes provides sumy natwns with local abundance
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“In South Korea, imported waste p::iper
provides 40 percent of the fiber used in
paper production.”

despite global scarcity, But just as wasting gasoline in an oil rich
CoUntny warnes an ulilpurtumt\ st in lost exporl sales, su does waste
of req able paper. 1t properly promoted, the new international ma
ket tar waste paper could supply a strong incentiy e to collect waste
paper indll countoes. The recent grow th o international trade marks
animpurtant step in waste pag)ur market development, International
waste paper trade has grow n,from alnwst nothing in the carly seven-
ties (0 about 10 pereent of all waste paper wollected, or 2 to 3 percent
of all paper used inthe wurld, The value of this trade otals sume 5600
million, depending upon volatile market prices. ™

South Korea and Meaie now produce half of theie paper from waste
paper, and in Suuth Korea, imported saste paper provides 40 pereent
oi the fiber used in paper production. Almost half of Italv’s paper
production depends on waste paper, asignilicant portion of w llicll:l is
imported. Canada imports half of the waste paper it uses. This,
anfortunately, 15 a consequence uf the low collection rate within its
0w n borders. Unlibe Canada, most countries that import waste ]impcr
have high internal rates of waste paper wllegtion, (See Table 2)
Collection rates u Japan, the Nt.'tht.'fﬁ:!l\db, South Kor,, v Mesico
are the lnghest i the wotld. The high percentages achieved in these
wunines are all the more remarkable considering that much of the
paper they consume 15 eaported as packaging for manufactured
gouds.

The United States now dominates the international waste paper
trade, accoanting for 85 percent of net sales, The significant oxpan-
s101t of trade between the United States, Mesico, South Korea, and
Japan dunng the seyventies can surse as o nundel for deselopment ol
wasle paper trade elsewhere.

Cliun, fur example, nught offer an enobinous market fur waste paper
evpotters, Demand for paper will increase as China desclops, but
furest resourees to meet this demand sith vrgin pulp will be lacking.
Surularly, Indig, the Philippines, and Thailand could become large
marhets for recy clable papur, ¥ But ubstacles o trade could effectively
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20 bluck this deselopment. Though trade in waste paper has so far met
with few serivus wonstiaints, sescral factors have kept it below its
potential, South Korea, fur example, imposes a 10 percent impuort fee
ol waste [p.l ser, Because this paper comes largely from the United
States and shupping rates are aitremely fd\umgle on this route, the
tanff has not caused paper exporters great difficulties. Under less
favorable transpurtation terms, huneser, tariffs and constraints un
Licensing imports would hinder redy ding,. Transpurtation, in fact, has
buen the greatest impediment su far, Waste paper trade between the
United States and Venezuela has been crippled by high rates, and
madequate ral and ruad facilities have hampered trade belween the
Cnited States and Mexiww. Another significant impediment has been
unstable carrendy exchange rates. High values for the US. doliar
have reduced U.5. exports of waste paper.™

Paper reqydling can be promoted by creating or widening cost advan-
tages fur recycded paper over paper made from svirgin pulp. One
ax},\mtage wuld be provided by increasing the price of virgin wood
pulp to refledt ats true ewonumic value. In nations where mature
suftwouud furests are harvested fasler than replicement, reducding the
ate of harsest would raise the price of pulp closer to its long-lerm
ceonomic Value. Forests would thus be afforded greater protection
and waste paper recyching would be encouraged. Paper and wood
prices needpnut merease as lung as additional quantities of waste
paper are recovered and recycled,

The United States government could make & major contribution to
this policy, since it owns half of all U.S. softwood forests. The U.S.
Forest Service significantly affects the price of pulp by leasing large
argas uf national forests cach year regardiess of market demand, Tﬁe
suspension or modification of this praclice, cupled with setting aside
more publicdy-owned forests for wilderness and parkland, would
reduce the envirenmental subsidy of the use of virgin pulp and in-
. wrease the relative attractiveness of waste papor. The United Stakes
may also find it partiularly advantageous to acquire and protect
, forests i the Southeast where wood harvesting is growing rapidly.
<
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“Nations with waste paper to sell must
assure would-be buyers that waste paper
exports will not be restricted b}r
protectionism.”

The price of waste paper van be stablized by increasing demand for it
and by expanding its vollection. Higher, more stable prices would
provide an incentinve for wommercial waste ‘pa}aer ¢ollection. Local
zoning ordinances to reduce lindfill dispysal of paper wastes, cou-
pled with broader regonal or national laws requiting source sep-
arabon and mandalur% collection of waste paper, will increase waste
lpa or burpheb and thus serve to prevent drastic price increases.
ndeed, the greater problem will be to maintain demand for waste
paper. International markets will be essential for this purposc. On the
other hand, there is a nsh that widespread use of waste paper as a
Afuel i resource recovery plants could push its, price o levels that
would preclude its use in paper production.

Waste paper will not be used unless there is the means to useit, and
this imphies that a marked change is needed in investment strategies
m the papurmaking process. Fuﬁ;u\\ing World War II, most Canadian
and U.S, paper makers built mills to exploit virgin pulp. A different
ty pe of i1 1s required v make paper from waste, Private companies
will be induced to build recycling mills mainly by policies that in-
erease the price difference between virgin pulp and waste paper.

In developing wountnes, however, using cheap waste paper, domes-
tic or imported, rather than imported puip or finished paper prod-
ucts, has already proven economically attractive. International de-
velopment agenuies and financial institutions have begun to
recogmize the wost-vutting potential of investinent in waste paper
recychng in the Third World, The World Bank in 1982 contributed
almost 51 millwn to sinprove the efficiency with which Egypl’s out-
Lasts and garbage pickers, the Zebaleen, collect Cairo’s wastes. The
Waorld Bdn?\ has alsw supported a multi-million dollar projectin Egy pt
that will recycle paper.’” Investments in recyuding waste paper In
developing wountnes will lead to higher rates of international waste
paper wollechon by wreating a ready market. Nations with waste
parer to sell must assure would-be buyers that waste paper exports
will not be restricted by protectionism. 23
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- Government procurement of redyced papuer shmulates recycling. Ex-
isting law requires the US. goseinnwnt to purchase paper made
frum res ded fibers, but the Carter and Reagan administrativns haw

Cagitored this requiremient. The state gos ernment of Mary land, how-
ever, has effedtis oy complied sath asinular Jaw . Twenty “fise percent
of the state’s paper now s recycded paper. The Organisation for
Economie Co-operation and Development also encourges procure-
muent of recylded papuer for its own and its 24 member nattons” uses, ™

The use of waste papet as @ fued has dreated @ unique problem, what
J. Rudnes E-.I“.msa of the American Paper Institute calls “the worst
threat to paper recy Jding.” This threat 1 “flowe control™ or govern-
ment monopoly of the flow of waste matenals. The opposition to and
st of landhlling has drawn munmapal gosernmients to the wse of
resource recovery sy stems, sohich burn refuse to produce energy. But
sonwe dties has ¢ gone bevond using refuse, am!i woudd burn paper
now being recy Jded. Akron, Ohio, for example, has built a resource
recovens plant and has fuught to control all waste products inthe city.
The plant’s creditors suceessfully pressured tie gty to ensure that all
burnable waste would flow to'the fadility in order o increase the
resenues genvrated by tts energy sales. This iteant that recyclers
wollecting old new spapurs, cattings from eny elope manulacturers, or
woriugated containers from supermarhets could be forced to deliver
recvclable mraterials to the uty dump so that these would be burned
inatead of reeveled. As a fael, waste paper has a value uf about $20
per ton, while reavelable paper has a value of $40 to $60 per ton or
more.

The Japanese, the Dutch, and others’ widely use indneration and
energy reeovery, but only alter wllection of tecydable waste paper.
These faclities can be sized 10 advanee to account for paper remoy ed
for recyching. If they are not, howeser, dties will have a powerful
mneentive o discourage reeyeling, Many U.S. facilitics were planned
in the energy uisis atmosphere of the seventies, But, as David
Brower, founder of Fricads of the Carth, said as he spoke in vppusi-
tion to a resource revovery plant in his home town, they may be “a
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“When governments atiempt to control
energy prices, not only is energy Wwasted,
bat recyling becomes less attractive.”

good 1dea whose time has passed.”™ Some ULS. advecates of re-
cvdling wall for a tederal law to protect reeyders from monopoly 23
contral of mumupalities’ wastes. Since the United States has 34 en-
«  vrgy reeovery ladbibies in operation, 20 nearing completion, and
v many others winler consideration in.-.ummunitivbtim:ing shortages of
. landhll space, miltions uf tons of recy dable waste paper could sven be
. *wasted” in municipal incinerators.

When governments attempt to wontrol energy prices, not only is
ehergy wasted, but recyding becomes less attractive, The United
States, for example, wontrols the price of patural gas, which ranks
second vnly to waste woud as a fuel for the U.S. paper industry. As a
result, the industry uses niore natural gas and less waste woed to
produce papet. Paper prives do not reflect the true energy costs of
production, and this in turn luwers the rate of paper rcci.;cling by
decreasing the relative value of waste paper. Because the U5, pro-
diwes vne-third of the world’s paper, %g natural gas price policy
reduces waste paper demand throughout the world.

Market des elopment will remain a top priority for promwoling waste
paper recyuling. Capital investment, adrertising, procurement prac-
tices, free trade, promotion, and pricing policies will all be required.
But pohiaes do not “just happen.” Tolivy implementation increas-
mgly requures promobion by both economic interests and citizens’
otganizations. '

Aluminum Recycling

The meaniag ot the Prometivean my th becomes dearer in the mak-
ing of aluminum, one of the most impurtant metals to mankind,
Many aspects of modern dvilization, such as air travel, would be
vietually impossible sathout affordable aluniaum. Substituting alu-
minunt for heavy steel in automobiles saves gasoline. Substituting
alununum for glass vr steed packaging saves energy in transportation
and mav allow ecaster, more etficient reas ding. Yet aluminum pro-
O
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duced from baunate requires 20 times as mudh eledtniaty as aluniinum
produced frum recy ded metal. Baunate and coal must be strip mined
in the process, and rivers are often dammed to generate hydroelectric
power for smelting. Discarded alumminum containers spuil the envi-
runment. Despile these prublems, alurminum soll play an important
rule in any industrial suciety, and su ity effident produchion and use
are essential.

The warld s far frum achueving the technwal potential for aluminum
revyching. Sume analysts estimate that 80 percent of all aluminum
used can be recyeled. But less than 30 pereent of world production
came from reeycled scrap in 1981 Even so, half of all aluminum
recy ced came from imdustnal wastes— scrap produced inthe smelting
or cutting and fabrication of finished products.

The Tow worldwide rate of alumenum ey chng is caused in part by
rapid growth in the production uf durable consumer items such as
appliances. These products last many years and su do not soon yield
their metal to recycding, Purchases of washing machines, re-
frigerators, and autumubiﬁa in Brazilin the eatly seventies grew at an
annual rate of 24 percent.™ Countries such as Brazil, moving from
low to high per capita rates of aluminum consumption, or ex-
Ferieming high rates of populativn grow th, can expect somewhat
ower rates of aluminum avalable for recovery. But many countries
such as Nurway, Australia, and Canada have had high per capita
tates uf aluminum consumption fur years, yet recyele relatively small
amounts. (See Table 4.) Luw recy ding rates in these countries may be
due to historically low energy prices.

Sinee energy accounts for 20 percent of the cost of producing alu-
minum from virgin ore, the progress made in recyeling in the seven-
ties can be explained in part by energy price increases, (See Figure 1))
Great strides haye been niade in the Unated States, illustrating, that
mudern suciety can adapt to increasing scardty without sacrificin

living standards. U.S. alumuinum reey dding has reduced both envi-
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“Aluminum produced from bauxite res
quires 20 times as much electricity as
aluminum produced from

recycled metal.”

ronmental pullutivn and the need to eonstruct new rower fadlities, 25
thus Ireeing scarce capital for use elsewhere in the economy.

Table 4. Aluminum Use and Recycling in Selected Countries, 1981

Aluminum Recovery
Consumption Per Capita Rate*

{pounds) {percent)
The Netherlands 21 42
ltaly 27 . 41
West Germany 45 33
* United States 56 32
United Kingdom 20 28
France - 26 27
Japan 42 ©25
Switzedand . 34 21
. Norway 42 20
. Sweden . 34 19
Australia 41 16
Canada 36 16
Austria 27 15
Brazil 5 13
Mexico 7 10
World Estimate 7 28

*Aluminum collected as a percent of consemplion,

Sources Altennon Shadstiatl Reciew jor 1981 (Washington, D.C. The Aluminum Asso-
cuation, Inc, 1982), pp. 42:62.
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Figure 1; World Aluminum Recycling Rate, 1955-81

a

The United States, the Soviet Unton, Canady, Japan, and West Ger-
many preduce 60 percent of the world’s aluminam, Adding Norway,
France, Spain, Australia, Ching, italy, and Great Britain brings this
total to vver 75 pereent.™ ftaly, West Germany, and the United States
exhibit the highest rates of secondary aluminum: production. Italy
produces 30 percent of ats aluminum frum scrap, while West Ger-
many and the United States produce one-third' from recyced alu-
mmum. Italy’s petfurmance 1s particulatly impressive because its per
wpita consumption has long averaged less than half that in the
United Slates and 60 percent that in ?Vebl Germany.!

Norway, often uted as an example of environmental sensitivity, Jdis
rectly recyedes only 4 puercent of the aluminum it wonsumes, but ex-
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“The United S{ates threw away
more recyclable aluminum in the form of
beverage cans than alk of Africa produced.

borts large quantiies of scrap, which brmgs the total to 20 percent

kl_lu.h af Norway’s surap alumunum finds its way either directly or 27
mdiredtly to Italy, indwating the importance of international tradv in
e Llslbi'l.'b. The Suvied Cnion, the world's second largest aluminum
prodicer, altugether rewy ded and exported only 10 percent as much
alumimum as it consumed in 1979 or 1980, Australia did only slightly
better.

These ahiumum recosery tates can only provide a relative index of
how well a nation has performed, The figures include scrap from
fabncating nulls, so-walled “prompl acmp," and this undoubtedly
osurstates progress in wach major producing country. Nevertheless,
the dramatic differenwes betsween wuntries, especially those with
high rates of production and consumption, can be instructive.

The pattern of reeyding dearly corresponds with energy prices. The
United States only ten y vars ago ranked low among the world's major
aluminum producers. {Sev Table 5.) Subsidized hydroelectric power,
cheap coal, and the advent of nuclear power plants kept electricity
prices low. But woa' price increases and nucluar power plant cost
wvertuns In the aluminum producing Tennessew Valley: and Pacific
Northwest greatly mt.rea:«euf the cost of powur and thus made the
production of primary aluminum more costly.” Thuese power cost
tncreases had o dramatic offect on aluminuim recvcling; recycling
grew from 17 percent to 32 percent in ten years. The rate of growth in
seeondary aluminum produdtion averaged 6.4 percent gach year in
the last decade compared to 2.3 purcent for aluminum. U S, scrap
consumption jumped a prodigous 17.7 purcent in 1981, The most
dramatic thange wame i recycled aluminua cans, only 15 percent of
all aluminum cans were recy cled in the United States in 1972, but over
half were recycled in 1981." The United Statvs recycled as much
aluminum van scrap in 1981 as the entire continent of Africa produced
im both primary and svwondary smelters, This also means, of course,
that the Untted States threw away more redy clable aluminum in the
form of beverage cans than all of Africa produced. ™
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28 Table 5. Aluminum Recycling in Selected Couniries, 1954-81!
1954 1560 1965 1970 1975 1981

{percent)
France -2 19 17 20 23 27
West Germany 45 39 39 34 30 33
Italy ' 27 2% 33 37 41 41
Japan 19 25 29 28 na. 25
United Kingdom 30 32 36 35 30 28
United States 18 16 17 17 26 32

World Estimate 19 16 17 17 21 28

"These wuntises represeat 39 percnt ot world alupuoum production. Ruecyding Fates
represent sevasdany reas oIy, Wdiding, sorap aluaimuin consumed o0 botly primary
and sevondary production, and net scap oxpurts, as a peivent of aluminum con
sumptlion. —

Sources. Leunard L. Dischman, Workd Mincral Tromds il LS Supply Probloms {Wash-
ingtun, D.C.. Resvutees for the Future, 1980) [through 1970), and Alumunton
Stattnad Revtew fur 1981 (Yeashington, D.C.. The Aluminum Assccation,
Inc., 1982). [1975-1981],

Nurvway is the world's sixth largest aluminum producer and is fourth
highesl in per wpit aluminum consumption. Yet it recovers unly 20
petcent of the aluminum it consumes, This poor record is probably
due to Morway's abundance of inexpenstve hydroelectric power,
Though the long-term migration of ener%} intensive industries to
energy rich countries cuch as Norway may be a positive step toward a
sustaiiable soiety, i the cutrent era of unattained recycling poten-
tial, it presents a hidden pithall.™ Whether subsidies for encrgy use
come in the form of energy price regulations, government and dJe-
velupmentbank financing of hydroelectric facilitics, or environmental
degradation fiom fluuding, spedies extinction, and fuel combustion,
they unnewesaarily waste respunes. The low worldwide rate of alu-
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minum recyvding suggests that energy prucjlects planned ir order to

erimt additional prunary aluimnum production are unnecessary

en years ol enyvironmental vppusition to h%'dmulectric dey elopment
in Norway has Jed to reduced expansion of primary aluminum pro-
duction there,” Similarly, vppusition halted a dam desighed to pro-
duce puwer for aluminum smelting in Tasmania.* These actions,
rromcally, may increase the availability of affordable aluminum since
they will force a more economical usé of resources.

Despiie high energy coste, Japan recycles only about 25 percent of the
Auminum it consumes, But per capita aluminum consumption has
been luw in Japan unti! the last decade, when rates climbed sharply
Much of Japan’s * consumption,” in fact, is shipped vut of the country
1in manufactured products such as automobiles. The ]afmnese mainly
use steel cans auklij glass bottles for beverages, and so less aluminum
scrap 15 available than in the U.S. On the other hand, Japan's primary
alumminum industry has seriously lost its ability to compete--as has
Italy’s. Japan generates eledricity with vil, so power there now costs
mure than in most countries. Japanese Erimdry aluminum produc-
twn, as a result, has dropped by about 25 percent gver the last ten

ears, and the industry’s Josses in 1982 totalled over 3500 million. "
]y.e::'a than 20 peceent of the industry’s primar% alutninum production
capacity, n fact, 15 Jeemed competitive.™ In 1981, the Japanese actu-
ally produced mote aluminum trom secondary metal than from pri-
mary souiies. One-quarter of the scrap chessed was imported from
lhvrbmted States. bringing, back parts uf the Tuyotas and Datsuns, as
it were, In the meantime, Japan has imposed tariffs on Imported
aluminum ingot, and has pursited inyestment in primary aluminum
production 1n seven countries. Japan’s share in these investments
assures Japanese companies as Much primary aluminum production
as Japan used in 1932 (872,000 tons per year).”' Italy's primary alu-
minum ndustry has tottered on the brink of collapse for several
years, and the secondary industry may be the only remaining healthy
segment.”

Low levels of aluminum regy dinti in the Soyviet Union may be allri-
buted to the compheated and fughly centralized control of materials
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Caluminum detibled after these trade restrictivns were eased,

production ard allocation, and to energy price disturtions similar to
thuse waured by cnergs price contiols ineftedt i the United States
during the seventies.™

As with waste paper, international trade brings a ness and dy namie
force ta the recovery of scrap aluminum. Scrap moving across
natwnal boundaries i 1980 totalled 820,000 tuns, representing more
than 3 pereent of world aluminum production.™ With the price of
scrap at 36¢ per pound, the value of internationally traded aleminum
scrap amounted to almost 5600 million in 1980.™

Three leading consumers of recyced aluminum — Japan, West Gur-
many, and ltaly — all import large quantitics of aluminum scap. The
volume of scrap imported by Japan in 1981 cqualled Japan®s solume
v dluminum consuuption ten years carlier. With pnmary production
dedining as o result of vil price increases, secondary production in
Japan has inureased 138 percent vv a the last decade, with as mach as
70 percent of this increase made pussible by scrap imports. Twenty
pereent of both West Germany s and Italy s total alurmmum produe-
tiun in 1980 can be attributed 1o aluiminum scrap imports, I.'.umfpcan
surap smeliers, nevertheless, pose a thredt to the free trade of alu-
minum. Seching lower surap prices, they argue for increased trade
barricts o restoet exporls from thar countoes. A trade publication of
the secondary smulter industry reports that “LEC secondary smellers
are . . . endeavouring o ensure that the eaport of high value and
envrgy rich raw matenial is restrigted b{) the reaintrodudtion of expurt
Juulas,” These quutas were remosedd by CEC wountries in 1981 and
replaced with a Jess restrictive export licensing system. Exports of

v

The wmportance of trade to the growth of reging is cear. If the
strategy for redyders s “mathets first, collection second,™ then that
strategy will bu defeated by effurts to suppress aluminunt scrap
prices. Such an a%prumh has ustorically plagued the iren and steel
sutap industry, The amportance of regyling aluminum cans also is
Jeat. Tully a quarter of all U.S. aluminum preduction goes into
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“Deposits are now required on ail’
beverage containers sold in Sweden,
Denmark, Norway, the Netherlands
and several provinces in Canada.”

¥

packagnyg, half of this 1o bes crage containers, Whervas Mexicans in

1981 used about 0.3 pounds of aluminum per capita for all uses, 31
Americans used 6.7 pounds pur capita for beverage conlainers
alone.™ And while packaging can be an important means of pro-
tecting foud and other products, unless redycded, such consumption
would not seem to be sustainable.

The private sector has made commendable progress in collecting
aluminum vans fur reeyding, One of the most exciting innovations in
recychng 1 the “reverse sending machine.” The machine accepts
alutinum wans, rejects furtous cans, glass, ur other unwanted ob-
pects, weighs the domnum depuosited and dispenses ’money or cou-
pens m payment. One machine in Dickenson, South Dakola, re-
clumed 109 tons of cans in one year, and 20 reverse vending
machines in Denver, Colorade, paid out over $1 million in an
18-month penod.™ Swueden reportedly will build and install an esti-
matud 10,800 reverse sending machines as part of an effort to recover
75 percent of all alununum cans used in the country . This woukl sate
10,000 tons of aluminum annually (300 million cans), equal to Swe-
den’s annual aluminum imports.™

The Colorado-based Cours Brew ery makes a special effort to recycle
cans, It has a contract with its aluminum supplier that provides a
dispount 1n return for recoy ered aluminum, Cours opened eight re-
cychng centers in Atlanta,. Geotgia, even before il sold products
tf‘lerc.tin fact, the company each yeat collects more than 50,000 tons of
aluminum cans in more t{mn 20 states.””

Though 1t 15 encouraging that Americans now recycle 34 percent of
the cans l|ll.?r use, countrics and individual states with conkainer
deposit legiafation have made much more dramatic galns, Deposits
are now required on ail bey erage containers sold in Sweden, Den-
mark, Nurway, the Netherlands, and several provinues in Canada.
Nine states 1 the United States now require depuasite on beverage
containers, and the recent addition of New York, the second most
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pupuluus state, to this list represents majur progress for recycling.
(See Table 6,) Return rates of buth buttles and cans exceed 90 percent
in most states, almost twice the U.S. national rate.*!

In almoust all states with container deposit laws, total litter has been
reduced by 35 to 40 percent by volume, and beyerage container litter
by 75 to 86 percent by number of pieces. In Oregon, the U.S. pioncer
in this policy, a net lotal of 200 jubs were created. In Michigan, the
first state to test containur legislation in a densely populated urban
seting, 4,600 jobs wure ueated. Nu state with a bottI: bill has lost
jubs vn a net basis. A nationwide beverage container law in the
United States would, according to the U.S. General Accounting Of-
fice, create a net total of 100,000 jobs. As an additional benefit, litter
deanup costs in Maine were reduced by 50 percent. For all these
reasuns, almost three-quarters of the U.S. population favors en-
actment of coniainer legislation.®
-

Promuting the use uf aluminum containers in proference to others
mught actually conserve resources, The stedd can, when itis tin plated,
15 s0 difficult tu recy e that even the recycing industry calls it “’a can
of worms.™" "Tin"" Lans, which are mwstly sted with a thin coating of
tn tu proyvent corrosion, are not easily revycdable because the tin fuses
with the stedd. Most recyded tin cans, 1n t).lcl, are used as a catalyst in
wopper production. The nwtal in the wins is actually consumed in the

prodess and cannot be recovered.

The aluminum can, which is teadily regclable, could beneficiatly
replace stedl-alluy ur bimetal wans, and even glass. Though reusing
bottles saves large amounts of energy, regding glass saves only
small amounts of crergy. Unless a relumalgle bottle is re-used ten
himes, 1t uffers no encrgy savings over recyded aluminum cans, Alu-
muum, bewuse 1t 15 more amenable to recyding, wuld replace the
steu] and glass now used for fuud containers and would thus save
Unurgy ans matunals. Ways would have to be devised to strengthen
aluminum wns tv prevent denting or collapse. Aluminum beverage
wans retain their shape in part due o the pressare provided by car-
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Table 6: U.S. States with Beverage Container Deposit Laws and 33
- Their Container Return Rates

Effective Refillable

Date Bottles Cans
(percent)
Oregon 1972 95 92
Vermont 1973 93 90
Maine 1978 93 93
Michigan 1979 % 96
fowa 1979 %6 90
Connecticut 1980 — —
Massachusetts 1983 T — —
Delaware 1983 — —
-New York 1983 - ——

Sources: Wilham K. Shureman, Coi and Butile Bulls (Stanfurd, Calif.. Califorma Public
Interest Research Group and Stanford Envirehmenttal Law Sociely, 1981),

. 193, and 'State Expenence With Beverage Container Depusit Laws Show

ositive Benefits,” 1.5, Congress, GcnumFAuwnhng Oftice (I"AD-81 08),
December 11, 1980, pp. 16, 40. :

bonated gas in the beverages, and sume analy oty believe that liquid
nitrogen plated it cans contaming noncarbunated products could
serve the same purpuse.® The cnergy required to produce aluminum
cans 15 comparable with refillable glass bottles un an vunce-for-ounce
basis, and is jower than for steel cans.*® Thus, the ongoing switch to
aluminum cans for beverage conainers might bring resource <on

servation benefits as might a similar swilch In food containers.

Several exotic metals are used as aluminum alloys. Magnesluin and
manganese add strength and workability to alumintum, making it
satisfactory for can production. Copper and zinc add high strength
and orfusion resistance, making aluminum ideal for use In airplanes,
spaceships: and autoinubiles. A combination of magnesium and sil-
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icun 1nakes alununum a useful substitute for copper clectrical cable,
The production of these ai'oys presents an opporlunity tu recover
these exotic metals inaluminam recy ding, but alsv creates a problem
by contaminating aluminum,
Aluminuin products each have stoet spedfications for the amount of
other metals that may be present, Acrospace ur auto m:mf withIto2
erent zine could not simply be melted and then used to produce
Eu\ erage wontaners, th)mlijing, the various alluys requires sgphisti-
cated testing, sortiy, and blendimg of scrap to produce acceptable
new alloys. Stainless stedd, free zine, and magnesium, all of which
may be mixed with scrap in the collection process, contaminate atu-
nunum and thue mpede recy ding. Magaesium can be refined vut of
aluminum, but the prowss produces fluoride air emissivns and is
expensive, Stainless steel 1 nonmagnetic and 15 difficult W detect,
The long-term tecy ding of aluminum and of its alloys will increas-
ingh depend on the deselopment of improy ed means of sorting and
refining scrap.

Growth in recy ding will depend on buth market development and
surap wollechion. International markets, espedially in developing
countiies, wuld provide the impetus for increasing collection in
countnes with hugh wonsumpbion rates, Investments in secondary
feeorvery wan be encouraged by international lending agencies,
natiwns desitmg to impros e there balance of trade, entreprencurs, and
e nonmentalists, Internabional banks could exploit this opportunity
to promote eavironmentally aceeptable grow tiJl with a technolugy
thatean produce aluminum for half the wpital cost of primary faal-
tivs and vnly 3 percent of the energy vperating, costs, I'S)ul the World
Bank, fur example, has apparentl a{l but ignured this potential in its
forthcoming “World Alutminum [ndustry Study,” preferring instead
to ash traditivnal gaestions about how much new cledtric capacity
investment will be required to run primary facilities, "

LY

-Natwnal gu ernments, moreoser, seen interested mainly in primary

aluimnum production, The response of the Ministry of Tnternational

IC

ERE 38




“Use of the electric arc furnace has
grown dramatically in those countries

_ - - —-—--wilh-the-highest steei recycling rates.”

Trade and Indeestry in Japan to the high cost of primary production in 35
Japan has been to move the mdustry to desclopimg countries with
cheap hydroelectric power. '

Sewondary alunnnum prosides an alternative o enyironmentaily
troublesume additivnal primary alunnnum production. But teking
adv antage ut the alternative mli reguite imvesting time and money in
campudigns o vnacl wontainer deposit legislation, assuring free trade
in scrap, and devising enurgy pricing policies that reflect the real
economic cost of energy. :

Iron and Steel Recycling

Detroit, acarding to the cattoon strip Shee, is the Saudi Arabia of
scrap.” This is nat just by perbole, fur automobiles junked vach year
in the United States praduce scrap eyual to 4 pereent of world steel
production.

The amuunt of scrap recyded anthe three major steel-making tech-
nulugies Jdiffers dramatically . The upen hearth furnace generally uses
abuut 45 percent scrap and 35 percent tron ore. The basic oxygen
furnace uses unly 28 purcent scrap, the rest made up of virgin ore.
The eleutne are furnace, however, wan use virtually 100 percent scrap.
Use uf the vpen huarth, the old workhorse of the steel industry,
dedined dramatically folluw tng World War 11, giving way to the less
scrap-efficient basic oxy gen furnace.” The basic oxy gen I}urnm:e pro-
duced unly 4 pereent of US. steelin 1960, but now produces v er 61
percent, a trend that has dimimshed recy ding, The use of the electric
arc furnace also grew over the same period, fromn 8 1o 28 percent of
0.5, production, and has had the oppusite effect,™ Use of the electric
ar, fumace has grown dramatically around the world, especially in
those vountries with the highest steel recycling rales.

The electne ard furnace offurs powerful advanlages, Encrggy costs are
cut by 73 pureent, wpital requiremuents are wut in:half, and finished
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steel can have a price adsantage of as much as a 5180 per ton over
wonventionally produced stecls. The eledric are furnace should be
attradiv e in dvbt-nidden wuntries needing to iy est in steel produc-
tion.

The world steel mdustry now uses scrap for 45 percent uf its iron
requiremudts, and many countries rate high marks for iron and steel
recying.  Those wath the best records use scrap for 60 to 75 percent
vf the metal used in steel making, if steel mill scrap is included. But
steel mill scrap basially just recirculates in the Fmduttion process,
meaning that these fpuru:nt.agv:» are cut by half if vnly purchased
scrap—oscrap from fabricators and consumers—is counted, Post-
CONSUMET SLTAp fewosery represents only one-quarter of all iron and
steel recycled, and if the United states is any indication, only 45
percent of the iron and steel that becomes obsolete, or ready for
recy ding follow ing consumer use, is actually recycled each year.”™
Morews e, this rate is only half as high as in 1955, {See Figure 2.)

One measure of the lack of progress in sron and steel recyeling, in
fact, 15 the inurease in the stock of obsulete serap available for but ot
being used in recyehing, In 1978, the badklog of recoverable ferrous
scrap in the Cniuted States alone totalled wwoer 600 million tuns. Since
then, this backlog has grown to 680 mulliun tons, and should continue
to grow.”™

Certain countries appear tu have far worse revyding records than
others in ron and stecl. Among, Eastern Bluc nations, Czechosloya-
hia, Poland, East Germany, and Hungary consume scrap at relatively
high rates. The Suvict Unon, huweser, ranks as une of the Jowest
users of surap in the world with a rate half that of the United States, or
the Lnited Kingdom. China, Argentina, Bradil, and Yugoslavia con-
sume very low ?u\ uls of scrap. Necessity again appears to be at work,
fur wountiies with sufficent indigenous sources of iron ore du less
recycling. (See Table 7.)
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“The electric arc furnace should be
attractive in debt-ridden countries needing
- ... . toinvest in steel production.”

Table 7. Steel Consumption and Scrap Recycling in Selected
Countries, 198%-1982_ 8 37
Annual Steel Recovery
Consumption Per Capita  Rate
{pounds} (percent*)
Belgiuny-Luxembourg 714 B
United Kingdom 715 35
United States 1,120 33
Nelherlands 723 35
Japan 1,387 3
Poland 1,162 K31
Czechoslovakia 1,607 30
Spain 514 29
est Germany 1,210 27
ltaly 1,010 24
Sweden L% T T 0 -
Brazil - 291 21
India 40 - 18
Soviet Union 1,250 17
China 99 9
World Estimate 400 25

*Represents steek serag wollected iweaddwding vevicalating stod mull seeap and induding
nel exports} ds & percent vt steel consumed, three-year avedage.

Sourtes: Wotldwatsh eotimates from Minesals Yearluwok, 1981, Vol I, Stalistaal AD
structs, 1983, and published stita provded by the Burvau International de Ja
Recuperation. | -

R s . (=l
But u.ang jrun ore because 1t is available may be a false cconom?'.
Scrap costs Iittle more than iron ore and van be comyerted o steel with
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Figure 2: U.S, fron and Sfeep Scrap Collected, 7956-1981
(as a percent of scrap generated)

much luser capital costs, The most vibrant sector of the U.S, stee
mdustey, in fac, s the “minimill,” wludh indudes electric an fur-
naces using scrap. The Nucor mill in North Carolina is a good exam-

Te, carning a lange profit in 1982 during vne of the worsty cars ever
mn ll%o steel indusiry.
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"Export restrictions threaten the
$11 billion world ferrous
scrap industry.”

)

A valuable new aron ore reduction technigue, direct reduction of iron
(DRI, elimunates cobing and reduces energy costs. The pig iron pro-
duced by DRIis ey vn called arbifiaal m_mp.&l’\‘lan) wountrics, imlu\?ing
Brazil and Nigenia, have adopted this technology. Total capital costs
for diredt reduction, however, run as high as for conventional steel
production. Dc:s[i:itv the ady antage of scrap-based production, Brazil
still has one ot the world’s Jowest rates of scrap utilization. Nigeria
has recenth moved to chnunatye its do pendence on imported steud by
mvesting in direct reduction of iron vre. At a new mill, directly
reduced 1iron is mixed with surap i four new electric are furnaces,
with surap supplying 23 pervent of the dharge. The result has been
unsatisfactory, however, sinee the total cost of Nigenan steel is 5880
per tun wompared with import prices of $315 to $450. Nigeria might
mstead have wolledted mwore of the large quantitics of automobile
sttup now rusting in junkyards around the country and processed it
m electne are furnaces. The cost of scrap-based steel would probably
have been vven lower than the most fas orable finished stel import
priee and only 23 percent of their current production wsts. * Thus,
des eloping countries syith or witheut iron ore resources should find
electrie are production the tednology of choice, followed by direct
teduction of iron ore.

Developmy countries and all nations not well enduwed with scrap
may pureeire that westing m cledtric arc furnaces is unduly risky.
Histurs has shosn that scrap exports have been and could ua:,i{\'
agan bu restncted. United States stedd makers have consistently
sought to keep surap prices low by lobbying the U.S. government to
restrict the export of scrap, Such pulicivs senous!y diminish the pros-
pect fur iron and steel redy ing. They threaten the $11 billion world
ferrous scrap industry, in which the United States has the Jargest
stake. In 1980, before the worldwide recession desastated the scra

- business, U.S, scrap deaters handled a volume of more than $5 billion
worth of scrap, making it the Largest redy cling market in the world.
The United States exports about 15 percent of this total, and this
viables the countrs o dominate workd trade iniron and steel serap.
In 1980, the United States exported more than 11 million tons of scrap
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worth aimost $1.3 bilhon, for 75 pergent of the wortld's net inter
national trade in iron and steel scrap.” '

L.5. steel makers may have legitimate complaints about unkair trade
practices tn sume steel producing nations, Western Europe, for ex-
ampie, provides extensive subsidies to steel makers, many of which
are owned n Jarge part by governments, These subsidies are not
reflected n sieel prices and therefore not only permit unfair com-
petitiun but alsu discourage more cost-off xctive production, meaning
greater use of bl.'l\:f). " Just as the defense of free trade requires main-
taining vpen borders, it requires regulation of unfair trading prac-
tices,

Many metals are anoved with won to Icrease its strength, resistance
tu rusting, and ductility . Stainiess steel, which may contain 1.5 to 26
percent chromum, amd usually a smaller percent of nickel, is prob-
ably the best knuw n alluy. But cobalt and titanium, for example, are
ncreasingly used to add high strength and corrosion resistance in
apphicatnims such as aerospace that revuire high perfurmance. Molyb-
denum and vanadium make alloyed steels useful in structures and
machine tools, Surting, separating. amd reprucessing these alioys has
become a sophisticated business.

Strap prucessurs now use shredders, futation desvices, melting fur-
naces, and vther equipment to Ercparc complex mixtures of scrap
metals fur recyeling. An autonwbile, for example, contains not only
irun and steel but wpper wire and zinc handles. Scrap processors
now are s proficient that virtually 100 percent of the zine in recycled
autumvbiles 15 reeovered, These skills will have to become even more
highly deseloped, huwever, if recycling of iron and steel is not going
to result 1n their contamination by other metals.””

Market develupment must be the first priority for recycling’s pro-
motery, Promotion would best be accomplished by stimulating in-
vestment 1 electrie arc furnaces and removing trade barriers. The
need to consenye energy has been the greatest impetus to the use of
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“Scrap processors now are S$o Eroficient
that virtually 100 percent of the zinc in
recycled automobiles is recovered.”

surap because srap wontams great quantitws of embodied energy.
Elumnating subsides fur cnergy production and use should be a high
prwority for promoting iron and steel scrap recyding markets.

Prometwn of iron and stee? wolledtion will be much more difficult,
Buverage woutamwer depusits o recover steel as woll as aluminum
and glass, and more important, they virtually eliminate the use of the
studl can, This saves resoures overall. Substituting more readily
recyedable alumunum in food conlainers might alsy be encouraged.

~ Flow wntro] laws —laws requiring that recydables flow to publicly

vwned or backed resource recovery facilitivs—can hurt steel recycling
Just as much as they hurt paper re?'cling. Monopolization of mu-
micpal markets for surap collection diminwhes the marketability of
scrap by reducing economic incentives for scrap collection.

Just as cestments in lectric arc furnaces and diret reduction of irun
ure promote recylling, su tov can investments in decreasing the
amount uf scrap produced in wneentional steel making. Most stee' is
cast by first cooling and then reheating pig iron for casting. In the
United States, 21 pereent of all steel is continuously cast, compared to
32 and 60 percent in Easturn European countries and Japan.™ Con-
tnuous asting, though requiring large udPital investments, will
ehiminate much of the requirement for reheating and will also elimi-
cate large quantities of the hume scrap produced, Continuous casting
would thus increase demand for iron ore, diredly reduced iron, ot
vbsolete scrap to replace home scrap. Given the large reservoir of
vbsulete scrap am.lagle, applicatiun of continuous casting could pro-
vide a large opportunity for increasing scrap use.

Nomway and Swudes hine been praised widely for their efforts to
teuyle scrap cam. Sweden in the seventies suffered from the blight of
400,000 abanduned ar hulks littering the countryside.™ A Swedish
law tuok effect in 1976 requiring disposal of war hulks with authorized
scrap dealers. in Norway, 50,000 hulks similarly had been aban-
doned, wath 20,000 per year being added to this tutal. Norway fol-
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lowed Sueden’s example and cnadted its own automobile disposal
law, but applicd tax rather than regulatory polivy. Enacted in May,
1978, Nurway s automubile depusit law impuosed a 5100 deposit on
i wars, refundable with a $30 bonus for any war propurly dispused.
The law resulted in the wllection of 33,000 car hulEb in the {irst eight
munths of the program’s vperation compared to an average 20,000
per year before the taw.™

Though Norway s war deposit and Sueden’s dispusal law has e been
apparent stceesses thes woubd has ¢ been unneeessary withaut arti-
fraal constraints on the serap market. Sweden has essentially pro-
huibited expuarls of iwon and steel scrap since 1927, and Norway per-
mits export uf scrap only when the soould-be exporter demonstrates
that nu marhet for it earsts i Norv ay, The resultis a greatls reduced
marhet that permits price fang and artificatly suppressed’ prices.”™

On the uther hand, Nurway produces iron o, fact that one would
espect o reduce serap use.™ The automolale depuosit may have
helped vffset this factor. The refund systen reduced the cost of scrap
wilecion and thus encouraged won and steel reqyding. The auto-
mob e deposit retund poliey vould also be applied to spur recycling
in iron ore=rich couwanes such as Brazil.

Just ax the compleatty of o and steel, aluminum, and paper re-
wehing has grown with the variety and sophistication of sodiely’s
matenial needs, the matrix of forces affecting ey ding rates has
prow . Deflecing and woncentrating these forees inway s that accel-
crate recs Jing has thus become a difficult task. But by applying the
lessuns learned in matenals regy ding in the seventics, lessuns that
dearly define a few baste prnndples, recicling can serve socicty’s
interests as no other process caik

Steps to a "Recycling Society”

When Epimetheus ran vut of matetials for mankind, Prometheas
saved the day by provding energy, the ultimate resource, Socicty has
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used enutgs 10 avale @ wealth of machines and shelter, But now as
the age of cheap energy fades, and as inflation, jublessness, and”
pollubien intenasity, sustaining material lis ing standards i rich coun
tries and satisiving basic malenal needs in poor woentrics becomes
more difficult thait ever. Reayding, in a Kind of resersal of the Pro-
methean solution, yicdds back mudh of the energy and capital invest-
ed in matenals. Inthis way, redy ding conserves energy, fights pol-
lubon and mflabon, creates wbs, and improves the vutluok for the
futitre of materials.

Progress made in the seventes proves regyiling's practicality and
worth. The abulity of Japan and the Netherands to collect hali of their
waste paper suggests that the world can profitably duuble its rate of
paper mt‘yclmg. The suciess of programs enwuraging the 5urlin§
and revy ing of consumer waste in sume Japanese aties has reduce
the amount of land required tor waste dumips by 40 percent, thus
saving, disposal custs and impros ing, the vnvironment. Beyerage con-
tainet deposit legislabion in tune U.S. states has proven the political
and vcononue desirabihity of recydding,. Return rates for bottles and
cans eaceed 90 percent in these states. Maine has cut its litter col-
lection wosts by 60 percent, and Muhigan’s cconomy has gained & net
total of 4,600 jobs. '

The decelopment of a dyhamie international tradv in scrap paper,
alunimuna, and ron and steel has shown that huge markets can be
created for cullected wadte. Svuth Korea’s ability to produce 40 per-
cent ut its paper from mpotted waste paper indicales that paper use
can be expanded i incrdasingly literate Third World societies, with-
ont ureasimy pressure on forests. And because inills for recycling
paper wost half as much to build as mills using virgin pulp, recycling

minum scrap by ltaly and Japan have enabled them to sustain indus-
tries sutfering from the high cost of oil-fired clectricity. The United
States has sustamed a competitive aluminum indusiry by increasing
receching to the eatent that i now produces more aluminum from
recycled cans than Africa produces in tofal.
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44 Spain and Jtaly have shown that they can compete successfully in

steel marhets by using purchased sron’and steel surap instead of Iron

ure for half their pruduchion reguirements. The United States, with its

$1.3 bllion annual earnings from exported scrap iron and steel, has
illustrated the tangible value of collecting waste.

Natiens that have moved_toward recycling paper, aluminum, and
won and stee! have thus enhanced theit competitive position in inter-
national markets. Recycling will become an even more important
fadtur in international wompetitiveness as energy and wapital costs
increase the cost of producing virgin materials.

Despite gans, the world has fallen far short of achieving recycling’s
putenlmk Only about une-fourth of the paper, aluminum, and iron
and steel used 1n the wotld 1 recovered fot recyding. This rate could-

. be doubled or tnipled for each material. But a seties of difficult steps
must be taken to colledt regydable materials and to des elop additional
markets for them.

Three steps will lead to a “recyding suciety.” The first requires that
wnsumers pay the full costs of the materials they use. The world’s
torests have been cut faster than they have been replaced, a practice
that makes woud cheaper now, but at the expense of future genera-
tions. Setting asde additional forest reserves would make virgin
pulpwuud more expensiv e compared to waste paper, and would both
assure the protechion of som forests and t.‘nwurdl.i',]u aper companies
to buy waste paper. The U.S. Forest Service, which owns half the
suftwood timber in the United States, should consider reducing sales
of trees fur harvesling as long as waste paper is underutilized.

This hest step alsu requires a special effort to reduce energy price
subsidies. Nu single factor has increased recy ding more in the last 30
years than the energy price increases of the seventies. Recycling saves
energy, and industries adopt recycling as a way of cutling energy
wosts, but when the price paid by industry for energy is distorted B}'
subsidies, industnies are less muri\ ated to recycle. 'ﬁ‘lus, w hen socie-
@ “es subsidize energy use by providing grants ot loans for dams and
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“No single factor has increased recycling
more in the last 30 years than the energy
price increases of the seventies.”

Euxwr plants, ur by applying measures that hold the price of energy 45
clow replacement costs, they encourage enviconmental degrada-

twn. Tu subsidize energy cansumption is to subsidize the “throw-

away society,”

The seeond step reguires building world markets for scrap paper,
Auminum, and won and steel. Wcalihr countries restrain the export

vt strap iwn and steel and senwously inhibit the use of imported scrap

in develuping countries. The Common Market countries restrict scrap
trade between a member country and a nonmember country. Den-
mark, Sweden, and Austria prohibit essentially all scrap exports. and

the United States wonanually considers limiting scrap exports. Few .
countnes necding new steel production capacity will risk reliance on
smpurted scrap unless scrap-expusting countries remove the threat of
scrap "‘embargoes,”

The tinal step, vne that will alsu reduce environmental subsidies,
promote internabunal scrap trade, and soften the impact of higher~
energy prices, 1 the greater wllection of wastes, Container deposit
legislation wan dramatically increase the return of beverage con-
tainers. Incentives, information, or the threat of fines and non-
collectun uf garbage wan induce greater collection of recyclable mate-
nal. A wide vanety uf pulicies, in fact, will stimulate recycling, and
- ¢can be applied on national or Jocal levels.

These steps will nut be taken simply because they are logical or
urgently needed, but because concerned citizens insist that they be
taken. Counservationists have shown too little interest in assurinﬁ
market pnung fur energy and free trade of scrap materals, thoug

they have mudh at stake in these pulicies. National and local govern-
ment feaders have shown little willingness to take the difficult step of
requiring collecion uf recy dlable materials, but the rising costs of litter
cleanup and Jandfilling waste will increasingl%press them to do so
Industry leaders will increasingly be forced by 'gher energy and raw
matepals prices tu wnsider recyding or face a tuture in Which they

- cannot compete.
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The future of all sucicty will be an uncasy vne if u major portion of the
46 world is torced to live with a low or dedining materials standard, As
physicist David Ruse has written, “In the w uﬁduide search for routes
to 2 juster and more sustainable suciety it has become clear that a
peace in which the werld is divided ever more rigorously into haves
and have nots is acither just nor likely to be sustainable. ™ Matenals
recyding Nas becomie necessary if suciety is simply to maintain cur-
rent living standards. But within this necessity lies the uﬁ:'purtumty to
improve the matenal well-being of all the world’s people, and to do
su without great cost to the easironment. In this tesides the great

virtue of recycling.
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