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Abstr=_ct: The goal of this paper is to describe interna-

tional research opportunities for in-p_-ocess reduction of

wastes from industrial processes. Written responses from
52 researchers were obtained from 15 different countries in

mid-!992. Each researcher provided information about proj-

ects Zo reduce waste in industrial processes and recom-

mended joint activities and mechanisms for working col-

laborztive!y with the United States.

Survey responses are tabulated by manufacturing, electronics manu-

country in Table !. About 85% of fa_uring, textile manufacturing,

the respondents are from govern- chemical production, and metal
ment environmental agencies in- reclaiming companies.

cluding multi-country organiza-
tions such as the United Nations, Geiser, Fischer, and

the Organization for Economic Beecher[!] and Rappaport[_]

Cooperaticn and Development report that Austria, the Nether-

(OECD), and the European Economic lands, Germany, Denmark, Japan,
Community. (EEC). The remaining and Sweden are leaders in imple-

15% are from industry. These menting waste management and pol-

companies include waste manage- lution prevention. Clean tech-
ment firms, environmental engi- nology has been adopted as a

neering services, automotive national priority for over a
decade in these countries.

Strong programs are in place in

(a) This repor_ was prepared the area of solid waste reduc-

through the International Re- tion. Survey participants repor_

search Monitoring Program (IRM) concerns about the generation of

with quidance from the Office of specific types of these wastes.
Waste Reduction (OWR) and the Ad- Concerns specifically mentioned

vanced Industrial Concepts Divi- include: chlorofluorocarbons

sion within the U.S. Department (_Cs), dumped appliances, lac-

of Energy Efficiency_(DOE/EE) quer, sludge, waste oils and
under conzra_ DE-AC06-76RLO fats, reverse osmosis

.I. 1830.



Table I. Survey Responses by shared be-_ween the U.S. and these

Country nations. This offers many imme-
diate and longer-term oppo_uni- .-

Number of ties for collaboration.

Respon-

Count.-y dents COOP__RAT_-A_ ACTIVITIES

Austral ia 1

Austria 4 Nineteen respondents indi-

Belgium 2 cared an interest in cooperative
Canada 6 activities with the U.S. Depa_-

Denmark 4 ment of Energy (DOE) and presum-
ably other U.S. industries and

Finland 1 agencies. Proposed activities
France 5 are shown in Table 2. These

Germany 8 projec_.s are appropriate topics

Holland ! for joint R&D and innovative fund-

Italy 1 ing mechanisms are necessary.

Japan 2 While all types of cooperative
Mexico 2 mechanisms elicited interest, a

Saipan 1 Finnish respondent felt joint

Sweden 1 research projects were prefe._red
Switzerland 2 because there would be less

Thailand ! potential to compromise propri-

The etary information. 'Technical

Netherlands 8 s_af. exchanges were _avored by

United 47% o_ respondents presumably

Kingdom ! because costs would be low. A
West Indies 1 researcher from Mexico suggested

Total 52 joint f_nd-raising activities to
support the development of clean

technolo_.

(R/O) brine, waste plastics, and
waste acids. Respondents from lesser-

developed countries repor_ con-

Highly developed countries cerns with agricultural, munici-
such as the Netherlands, Germany, pal, and food wastes. Low cost

and Denmark rep3rt problems exist technologies are needed to reduce

with reducing %_stes from the the following: contaminants from

following ind_ries: metal fin- petroleum refining, gases from
_.anspo_ _a_lon e.quipment manufac-ishing, steel production, indus- _ -- _'

trial organic chemica_ manufac- ture, residuals from coffee pro-
ture, and pulp and paper produc- duction, and sti!lage from aico-

tion.. Problems result from both hol production. Efforts to trans-

produc-_ion and use of the prod- fer pollution prevention techno!-
ucts of these industries. End- ogy and _owledge from more to

of-pipe technologies still domi- lesser developed countries were
nate solutions .--ather than true requested.
source reduction; however, end-

of-pipe consti.-utes reck.cling and OPPOR_D_.,-X_TIES FOR ACOUIR!NG
_ reuse rather than release or dis- TECHNOLOGY

._ posal. The need source reduction

and recycling s-.rategies are Viable technology is avail-
able f_m European countries for



Table 2. Joint RIkD(_unities CoooerativeMecr_rnt_ms

I Field Jolnt Co,mer- " "

Study/ Advi- Data clallze
Jclnt P_ant Staff sory Confer- Collec- Tecnnoi-

SurveyParticipants __:unitv Resea_c," D_no Excnanae GrouD ence :_or coy

_onfioential Metalseparationan_ X X X
Al Deventer,The recoverysysz_ns

Nether")ands

PublicWorks Agencyof Anaerobicco_sting X
FlanoersMechelen,

Beloi_ .-.-----_

ORTECHInternational No activities X X X

CanadianWaste specified
MateriaI Exchange
Mississauga,Ontario,
Canada

Confidential Zinc hydroxide, X X
Fredriustad,Norway Recoveryin

e]ectroofatin_

X X XCommonwealthUtilities Adaptavailable
Corp. technologieszo
Saipan,Commonwealth recoverwasteneat
of No_hern Marianas

islan_s
4

WastewaterTechnology Oil fromSlUdge, X X X X X X X
Centre Electrodial_is
Burlington,Ontario, me_nbranesfor oil and

_anaoa gas industry ----------'--a..m...m..m.,.l..

_onfioential Deployprocessto
Alberta,Canada refinewaste

ads treatincch_nica...._]]s

Proau._Life Cycle Productlifec.wle X
institu_e analysis
Geneva,Switzerland

A_ian instituteof Alkalinedigestionof X X X X X X
Technology tannerywastes
BancKok,Thailand

DanishTechnical Powoercoatingof X l X
in_itute wood,

Taa_rup, Denmark Water-borneoeg_asing
lo_-VOCcoa:ines

__
UnitedNations Open to existing X X
inouszriaTDevelopment pro3ectsinblack
O_ganization liouorrec_ling and
Vienna,Austria biooasenemy -------.

Confidential p X X )C

participant |BioOegrackab'lepolymers
hielsink_, Finland _ -------..-------[

WaterAgency ILow waste productsand X _ X
Douai CeOex, France t processes; high-value I

..... proOuc_s fr_, was_es _1 -'-"---"-'----_
-_L..-'=. C.orrFioential |No activities I

Paris,France tsoecified _--------
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Table 2. Joint.R&D Oooortmities Coooerative Mecnani_'n_.......

:ie'_c Joint ICommer- "

i

Sturcy/ Advi- Data jc_alize
Joint Plan'. Staff sory Confer'- Coliec- :iecnnol-

Survey Dartic',oents Proiect Oooortunitv Researc. Demc Exchanoe Group ence *.ion oev
L_ , i,,, it , , m .....• il • ' I

Confioential lechnology to reouce X X X X

Auosbo_, Ger_r_-nv comoustion e_iss_onsL-- • m j ! |

Universil:yof hannover CFC substitutes/ X

Hannover, Germany Ammonia i
vaoor comoression, | ,

Confioential No activities X X

panic,pant specified
OsaKa, Japan , ! i _ i i, iii i ii ,,i t i,

Confioential Recycle plastic X X

part.icil_ant pro(iucts
Kusazau Shigeucen,
Jaoan

i ,,,, , ,,,,
-

Institute of Ecology Cultivation of aigae X X X X X X X
Xaiaoa, Mexi_ grown using agriwastes

to reou'ceCO.
J

Note: The a,--.,norof this Daoe',may be able to provioe :onfio_tial information upon re0uest after oz:a_ning I
reouestec aoz,-ovaIs. I

so_"--ng, collecting, and recy- EI_RGY-RELATED OPPOR,"_3N!T-ES

cling a number of waste products.
Literature from these countries Recycling is considered a
describes bottle collection and solution to industrial wasze

so_ing _achines from the reduction (due to a lack of

Netherlands, sorting systems for source reduction options), but
industrial, construction, and recycling can mean increased

commercial waste from Sweden[3_], energy consumption. Develcpinc

and plastic recycling factories clean, energy-efficient te_-innoi-
from Austria[4]. Use of such o-_%, is of mutual interest to a/_i

technoioc_z in the U.S. could nazions. Japan and the United

quickly result in reuse of waste _Kinodom repo_edly have _ _ -

products. Federal, state, and recognized the need to include

local age_ncies in the U.S. may energy conservation obje_ives in
want to explore acq/uiring these %-as_e minimization goals. Use =f

technologies for their facili- renewables is frequently cited as

ties. Turnkey plastic recycling a waste minimization technology_

plants seem to be especially in _he Netherlands because there

promising, provided they can be is no net CO 2 generation. The
supported with an infrastructure cr_anizations sponsoring these

for collecting and using recycled pro_crams represent likely r2_rge-s

. _o_ joint R&D with U.S. agenciesooods. Demonstration projects _

would be useful to prove the per- such as _he Depa_ent of ____e_ _"

formance of these recycled (DOE).

materials in actual applications.



NEXT G_TTON TECHNOLOGY In addition, the U.S. and

DEVELO_ countries demonstrating leader-

ship in pollution prevention need ...

The Federal Ministry for to seriously consider the role of

Research and Technology of providing technical assistance to

Germany[5] sponsors comprehen- Mexico and developing countries.

sive, innovative technology By providing educated exqDer_s,

development efforts for in- developing countries can be pre-

process industrial waste reduc- vented from repeating past _is-

tion. Many of their efforts can takes. Solutions that are turn-

be considered "next generation." key, low maintenance, and sup-

For example, programs to recycle po_ed with minimal infra-

non-halogenated solvents and to s-_ruc_ure are highly desired.
recover metals from mixed elec-

troplating wastes are under The future for source reduc-
development. Such technologies tion in industrialized countries

would have broad application in is likely to be driven by con-

the United States and joint R&D sumer preference, voluntary

is an option, industry actions and government

regulations. Source reduction
O._qqZR OPPOR_"_JNITIES continues to be a strong need in

the U.S. as well as other.coun-

Various responses suggested "_'__les,even those demonstrating

the following technology develop- leadership in pollution pre-

ments topics for joint R&D: vention., International cooDera-
• tion in technology development

• design _ools can lead to quicker solutions.
• biorea_ors This includes redesigning bo'_h

• sensors products and processes.
• incinerators

• automation "_.-_-RATURE CITED

• selective separations

• conversion of wastes to _." Geiser, K., I<. Fischer, and

usable products N. Beecher, Foreiqn Practices in
• substit-ates for hazardous Hazardous Waste Minimization, The

chemicals Center for Environmen_a! Manage-

- processes and equipment that ment, Tufts University, Medford,
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