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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
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ION
OPPORTUNITIES FOR INTERNATIONAL COLLABORAT
IN INDUSTRIAL POLLUTION PREVENTION

J. K. Young
K. M. Fowler

August 1993

Presented at the .
AICHE Summer National Meeting
August 15-18, 1993

Seattle, WA

V)
Vel

Work supported by - 9
tag U.S?pDepartment of Energy pEC 20 19
under Contract DE-AC06-76RLO 1830 () 53 1r |

Pacific Northwest Laboratory
Richland, Washington 99352

MASTER

S el Telti ORF Tirled LA R D T

f})



Opportunities for Intermational Collaboration
in Industrial Pollution Prevention(2)
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Abstract:

The goal of this paper is to describe interna-

tional research opportunities for in-process reduction of

wastes from industrial processes.

Written responses from

52 researchers were obtained from 15 different countries in

mid-1892.

Each researcher provided information about proj-

ects to reduce waste in industrial processes and recom-
mended joint activities and mechanisms for working col-

laboratively with the United States.

Survey responses are tabulated by
country in Table 1. About 85% of
the respondents are from govern-
ment environmental agencies in-
cluding multi-country organiza-
+ions such as the United Natiomns,
the Organization for Economic
Cooperaticn and Development
(OECD), and the European Economic
Community (EEC). The remaining
15% are from industry. These
companies include waste manage-
ment firms, environmental engi-
neering services, automotive

(2a) This report was prepared
through the International Re-
search Monitoring Program (IRM)
with guidance from the Office of
Waste Reduction (OWR) and the Ad-
vanced Industrial Concepts Divi-
sion within the U.S. Department
of Energy Efficiency.(DOE/EE)
under contract DE-AC06-76RLO
1830.

manufacturing, electronics manu-
facturing, textile manufacturing,
chemical production, and metal
reclaiming companies.

Geiser, Fischer, and
Beecher(l] and Rappaport(2]
report that Austria, the Nether-~
lands, Germany, Denmark, Japan,
and Sweden are leaders in imple-
menting waste management and pol-
lution prevention. Clean tech-
nology has been adopted as a
national priority for over a
decade in these countries.

Strong programs are in place in
the area of solid waste reduc-
tion. Survey participants report
concerns about the generation of
specific types of these wastes.
Concerns specifically mentioned
include: chlorofluorocarbons
(CFCs), dumped appliances, lac-
quer, sludge, waste oils and
fats, reverse osmosis



Table 1.
Country

Ssurvey Responses Dby

Number of
Respon-
Country dents
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Holland
Italy
Japan
Mexico
Saipan
Sweden
Switzexrland
Thailand
The
Netherlands
United
Ringdom
West Indies
Total
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(R/0) brine, waste plastics, and
waste acids.

Highly developed countries
such as the Netherlands, Germany,
and Denmark report problems exist
with reducing wastes from the
following industries: metal fin-
ishing, steel production, indus-
trial organic chemical manufac-
ture, and pulp-and paper produc-
tion. . Problems result from both
production and use of the proad-
ucts of these Industries. End-
of-pipe technologies still domi-
nate solutions rather than true
source reduction; however, end-
of-pipe constitutes recycling and
reuse rather than release or dis-
posal. The need source reduction
and recycling strategies are

shared between the U.S. and these
nations. This offers many imme-

diate ané longer-term opportuni-’
ties for collaboration.

COOPERATIVE ACTIVITIES

Nineteen respondents indi-
cated an interest in cooperative
activities with the U.S. Depart-
ment of Energy (DOE) and presum-
ably other U.S. industries and
agencies. Proposed activities
are shown in Table 2. These
projects are appropriate topics
for joint R&D and innovative fund-
ing mechanisms are necessary.
While all types of cooperative
mechanisms elicited interest, a
Finnish respondent felt joint
research projects were preferred
because <there would be less
potential to compromise propri-
etary information. ' Technical
staff exchanges were :favored by
47% of respondents presumably
because costs would be low. &
researcher from Mexico suggested
joint fund-raising activities to
support the development of clean
technology.

Respondents from lesser-
developed countries report con-
cerns wi*h agricultural, munici-
pal, and food wastes. Low cost
technologies are needed to reduce
the following: contaminants frorm
petroleun refining, gases from
transportation egquipment manufac-
ture, residuals from coffee pro-
duction, and stillage from alco-
hol production. Efforts to trans-
fer pollution preventicn technol-
ogy and knowledge from more to
lesser developed countries were
reguested.

OPPORTUKITIES FOR ACQUIRING
TECENOLOGY

Viable technology is avail-
able from European countries for



Table 2. Joint R&D Opportunities Cooperat ive mechanrsms
Field Joint Cormer-
Study/ Advi- Data cialize
Jeint Plant Staff sory |Confer- |[Collec- | Tecnnoi-
Survev Participants Proiect Opportunitv xesearcr | Demo Exchange | Group | ence tior ocv
Confioential Metal separation anc X X X
Al Deventer, The recovery systems
Netheriands
|
! Public Works Agency of | Anaerobic composting X
Flanoers Mechelen,
Belgium
ORTECH International No activities X X X X X
Canadian Waste specified
Material Exchange
Mississauga, Ontario,
Canaga
Conficential Zinc hydroxioe, X X
Fredgriustad, Norway Recovery in
electroplating
Commonwealth Utilities | Adapt availabie X X X X
Corp. technologies to
Saipan, Commonwealth recover waste heat
of Northern Marianas
islancs
‘ T
wWastewater Technology |0i1 from siucge, X X X X X X X
Centre Electrodialysis
Burlington, Ontario, membranes for oil and
Canage gas industry
Conficential Deploy process to X
Alberta, Canada refine waste
gas treatinc chemicals
Procuzt Life Cycle Product life cycle X
institute analysis
genevz, Switzerland
Asian Institute of Alkaline digestion of X X X X X X
Tecrmology tannery wasies
Bancxok. Thailand
Danish Technical Powder coating of X X X
Institute wood,
Taastrup, Demmark Water-borne gegreasing
low-VOC coatings
United Nations Open to existing X X X
IndustriaT Development |projects in biack
Organization Tiguor recycling and
Vienna, Austria biogas enercv
j
| Conf jential Pulping processes, X X X
| participant Biodegradabie polymers
| Helsink$, Finland
lvater Agency Low waste proaucts anc | X X
!Douai Cedex, France processes; high-vaiue
products from wastes
Configential No activities
Paris, France specified




Table 2. Joimt R&D Opportunities Cooperative Mechanisms
fieic Joint Commer-
Stucy/ Advi- Data cialize

Joint Plar: Staff sory |Confer- |Coliec- | Tecrmol-

Survev Particinants Proiect Opportunitv Researc~ | Demc fxchange | Group | ence %jon ocv

Configential Technology to recuce X X X X

Aucshore, Germanv combust ion emissions

University of hannover |CFC substitutes/ X

Hannover, Germany Ammonia

vapor compression

Conficential No activities X X

participant specified

0saka. Japan

Confioential Recycle plastic X X

participant products

Kusatau Shigaxen,

Japan

Institute of Zcology Cultivation of aigae X X X X X X X

Xaiapa, Mexicc grown using agriwastes

to reduce CO.
Note: The auznor of this pane. may be abie to provice conficential information upon reques:t after ostaining
reguestec apcrovals.

sorting, collecting, and recy-
cling a number of waste products.
Literature from these countries
describes bottle collection and
sorting machines from the
Netherlands, sorting systems for
industrial, construction, and
commercial waste from Sweden[3],
and plastic recycling factories
from Austria[4]. Use of such
technolocy in the U.S. could
cquickly result in reuse of waste
products. Federal, state, and
local agencies in the U.S. may
want to explore acguiring these
technologies for their facili-
ties. Turnkey plastic recycling
plants seem to be especially
promising, provided they can be
supportec with an infrastructure
for collecting and using recycled
goods. Demonstration projects
would be useful to prove the per~
formance of these recycled
materials in actual applications.

-

]
EXTRCY-REIATED OPPORTUNITIES

Recycling is considerec a
solution to industrial waste
reduction (due to a lack oZf
source reduction options), but
recycling can mean increased
energy consumption. Develcpinc
clean, energy-efficient technoi-
ogy is of mutual interest to all
nations. Japan and the United
Kingdom reportedly have Zormally
recognized the need to include
energy conservation cbjectives in
waste minimization goals. Use cf
renewables is frecuently cited as
a waste minimization technology
in the Netherlands because there
is no net CO, generation. The
crganizations sponsocring these
programs represent likely targets
for joint R&D with U.S. agencies
such as the Department of EInercy
(DOE) .



NEXT GENERATION TECHNOLOGY
DEVELOPMENT

The Federal Ministry for
Research ancé Technology of
Germany[5] sponsors comprehen-
sive, innovative technology
development efforts for in-
process industrial waste reduc-
tion. Many of their efforts can
be considered "“next generation."
For example, programs to recycle
non-halogenated solvents and to
recover metals from mixed elec-
troplating wastes are under
development. Such technologies
would have broad application in
the United States and joint R&D
is an optionmn.

OTHER OPPORTUNITIES

Various responses suggested
the following technology develop-
ments topics for joint R&D:

design Tools

bioreactors

sensors

incinerators

automation

selective separations

conversion of wastes to

usable products

e substitutes for hazardous
chemicals

e processes and eguipment that

produce less waste.
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CONCIUSIONS

The responses indicate that
there is considerable activity in
Scandinavia, Germany, and Japan
to develop technologies to recy-
cle waste in industries. A nur-
ber of turnkey recycling systers
are available for solvent recov-
ery, vapor recovery, and recovery
of consumer waste.

In addition, the U.S. and
countries demonstrating leader-
ship in pollution prevention need
to seriously consider the role of

roviding technical assistance to
Mexico and developing countries.
Bv providing educated experts,
developing countries can be pre-
vented from repeating past mis-
takes. Solutions that are turn-
key, low maintenance, and sup-
ported with minimal infra-
structure are highly desired.

The future for source reduc-
+ion in industrialized countries
is likely to be driven by con-
sumer preference, voluntary
industry actions and government
regulations. Source reduction
continues to be a strong need in
the TU.S. as well as other.coun-
tries, even those demonstrating
leadership in pollution pre-
vention., International coopera-
tion in technology development
can lead to quicker solutions.
This includes redesigning both
products and processes.
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