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I _FOREWORD

The job description outlined by UNIDO is as follows :
pP/IND/83/008/11-02

POST TITLE : Expert in Industrial wastewater
treatment

DURATION : 1 month

DATE IRED : November 1988

DUTY STATION : New Delhi & Hardwar (2 weeks) India,
and home base (1 week for preparation of
paper)

PURPOSE OF PROJECT :
To hold an international conference on
environmental impact analysis for
developing countries sponscred Ly the
Pollution Control Research Institute
Bharat Eeavy Electricals Limited,
Hardwar , India.

DUTIES :

1 - The expert will present a paper on the
application of recent developments in
Industrial Wastewater Treatment Technology
covering modern designs, application in the
utility and industrial sectors and
performance of modern installations. The
paper will also discuss the potential of new
innovative technology to meet the
requirements of Developing Countries from the
standpoints of :

- Reduction in pollution of natural
watercourses

Investment requirements

Operation and maintenance

Efficiency

Energy consumption

(and such other criteria as the expert
considers necessary)

2 - The final paper should not be more than 15
pages of double-spaced typing including
tables and diagrams.

One copy of the paper should be submitted to
each of the following addresses by 30 October
1988.




QUALIFICATIONS

a)

b)

LANGUAGE

Head, Pollution Control Research Institute,
B.H.E.!.. Ranipur, Hardwar - 249403, U.P India

R.O Williams, Industrial Development Officer,
Chemical, Vienna, Austria.

The EIA conference will be held in New Delhi
28 November to 2 December 1988. In addition
to presenting a paper, the expert will
participate in discussions covering
environmental impact assessment in general.

The balance of time for the mission will be
used to provide technical assitance to
P.C.R.I, Hardwar and for preparation of the
paper and such visual aids as may be
required. Information on visual aids
requirements should be included with the
papers as submitted per paragraph 2 above.

.

Physicist or Chemist with Higher degree and
extensive experience in analytical techniques
applied to ecological modelling.

ENGLISH

BACKGROUND INFORMATION :

India has reached significant levels of
activity in various industrial sectors and
the adverses effects on environmental
quality are becoming apparent.

In recognition of the need for a
comprehensive environmental policy, the
Government of India instituted a high level
committee, which submitted its report to the
Prime Minister in 1980.

On the recommandations of this committee a
separate department of environment (DOEN) was
set up to take direct administrative
responsability for the control of
environmental pollution and for co-ordinating
the environmental related programmes in all
sectors.




In the 6% Five Year Plan (1980- 1985), the
Government of India stressed the need for an
integrated approach to find out and
implement methods of alleviating existing
environmental problems and to build
capability for preventing those that could
arise in future. To meet these objectives a
provision of R400 mil was made available in
the 6% Plan. The approach paper por the 7%
Plan (1985 - 1990) lays still greater
emphasis on the research efforts in the
pollution control area and a substantial
increase in the financial allocations for
research is envisaged

The state owned BHARAT Heavy Electrical
Limited (BHEL) is already the largest
producer of air quality control equipment
such as cyclone seperators and electro-static
precipitators. B.H.E.L has made advances in
several pollution control technologies.

An Industrial Pollution Control Research
Institute is established by BHEL as its
Hardwar complex.

The stay in India has been pleasant and well organized and
the merits are to be shared by all the officials. The kind
help and guidance of the fcllowing executives is
appreciated :

Mr. M. RAMACHANDRAN, UNDP, Delhi.

Mr B.P GUPTA, India International Centre.
Mr S.B.C AGARWALA, Head, PCRI.

Mr A.K GUPTA, Manager, PCRI.

Dr N.C TREHAN, Dy Manager, PCRI.




2 — ASSIGNMENT SCHEDULE

1 - HOME BASE

August and September 1938

2 weeks - scrutiny of 207 abstracts sent by P.C.R.I -
B.H.E.L, Hardwar

October 1988

2 weeks - Completion of laboratory investigations and
preparation of paper to be presented at the International
Conference on Environmental Impact Analysis (EIA) for
devloping countries - New Delhi, November 28 - December, 2
1988

2 - INDIA

Friday 25 November 1988

Departure From Montpellier
Arrival Paris
Flight to Delhi

Saturday 26 November 19838
Arrival Delhi

Sunday 27 November 1988

Preparatory work for Conference

Monday 28 November 1988

Attendance International Conference, Delhi

Tuesday 2% November 1988

Chair Session III
Address of key note paper

Wednesday 30 November 1988
Rapporteur Session VII

Thursday 1 December 1988

Attendance International Conference

Friday 2 December 1988

Attendance Intecnaticnal Conference




Saturday 3 December 1988

Left Delhi
Arrival Hardwar same day

Sunday 4 December 1988

Meeting with CTA and other UNIDO experts
Monday 5 December 1988
Consultancy work at P.C.R.I

Tuesday 6 December 1988

Consultancy work at P.C.R.I
Lectures

Wednesday 7 December 1988

Review of fundamentals
Study of projects

Thursday 8 December 1988

Consultancy
Friday 9 December 1988

Left Hardwar
Arrival Delhi same day

Saturday 10 December 1988

Various formalities in Delhi

Sunday 11 Dezember 1988

Left Delhi
Arrival Paris




3 - TOPICS

The following topics were examined at P.C.R.I, Hardwar.

- Work related to design, and experimental studies at
laboratory scale for high load wastes using anaerobic
process.

- Studies on coagulation and flocculation

Work related to the Khaperkheda TPS project

Principles of industrial toxic wastes

Advances in water pollution control field

Protection against corrosion and scaling




4 - SPECIAL MEETINGS

Monday 5/12/1988

Meeting with Mr R. MAHESHWARI
Mr P.K JAIN
Mr A.K MANUWAL

Tuesday 6[12[1988

Meeting with R. MAHESHWARI
B.K BEHERA
P.K JAIN

A.K MANUWAL
S.PAL

KUMAR

RERRAR

V.
Meeting with Dr A.K BISWAS, CTA
Dr B.LOCKE
Pr P.WRAMMER
Dr K.FEDRA
Dr S.C WALLIN

Wednesday 7/12/1988

Meeting with Mr R.MAHESHWARI
Mr P.K BEHERA
Mr P.K JAIN
Mr A.K MANUWAL
Mr V.KUMAR

Thursday 8/12/1988

Meeting with Mr R. MAHESWARI




5 - RECOMMENDATIONS

VISIT OF INDUSTRIAL PLANTS

It is not possible to study seriously any scheme of
industrial wastewater treatment unless the following steps
are first accomplished :

- Thorough knowledge of the basic principles of physical
and chemical phenomena

- Full understanding of the manufacturing process
involved in any industrial plant

- Mean and peak values of the pollution load and toxics
in the effluents

- Origin of the pollution

- Means of "in situ" abatement prior to any treatment
The best way to train the P.C.R.I staff is to encourage the
project leaders to visit as many industrial plantz as
possible.

ACQUISITION OF NEW BOOKS

As useful guides to the above mentionned suggested visits,
the following books are recommended :

1 - NORDELL E
Water Treatment for Industrial & other uses
van Nostrand Reinbold Co.
New York

2 - D.J De RENZO
Unit Operations for the treatment of hazardous
Industrial Wastes
NDC Park Ridge, N.J, USA

3 - D.W HENDRICKS
Environmental Design for public projects
W.R.P POB 2841, Littleton,
Colo. 80161 - 2841, USA




LABORATORY EQUIPMENTS

We reiterate the need for the following items

1 - Micromanipulator

LEITZ
Estimated at DM 32.000

2 - X Ray Fluorescence Analyser

LAB - X 2000

OXFORD Analytical Instruments
20 Nuffield Way

Abingdon

Oxon Ox 14 ITX

ENGLAND

TLX 83621

3 - TDS Analyser

Model L 87123
0 -5 000 ppm
Price = 1378 Prench Francs

Bio Block

BE 111

6 403 ILLKIRCH Cedex
Tel : 88.66.40
FRANCE

4 - New Elektra B.0.D Incubator

Portable B.0.D Incubator

S.A Associates

House of Industrial Testing Instruments
7/17 ROOP NAGAR, DELHI - 110007

Phones : 2917929, 29113605

-
-
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6 - ANNEXURES

Hazardous substances management program
M.I.T Cambridge, Mass, USA

Solar Desalination -
Cadarache Nuclear Research Center, France

Seawater and brackish water desalination
Cadarache Nuclear Research Center, France
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are also needed to deal with huge
amounts of existing conaminated soil
and waste materials. Fundamental re-
search into combustion processes are
helping better understand the ways in
which toxic materials are created by in-
complete burning. Researchers believe
that new ways to burn material more
efficienty will result. Work in the policy
area will examine the risks and tradeoffs
involved in such new conuwrol technology.
The overall goal is 10 create reliable and
efficient systerns which meet societal de-
mands for destruction techniques.

Fate and Transport

In rmodern times, considerable quantities
vf haz: rdous materials have been intro-
duced into our environment. Some toxic
materials are unavoidably introduced
even now, such as SO, and NO, gases
from combustion operations. although
efforts are under way to reduce them.
The Department of Civil Engineering
has chosen to focus on groundwater re-
search, explains Professor David Marks,
head of this portion of the Initiative. Crit-
ical research areas include understand-
ing movement of water through porous
aquifers, sorption characteristics and ki-
netics of contaminants in soil and water,
and wransformations—from microbial
action, for example~ that occur to con-
aminants during sorption and transport
processes.

Work inwiives understanding the
chemistry of soil and the fluid mechanics
of movement within it, as well as new in-
strumenution, monitoring, and model-
ing technology to observe and predict
future pathways of contaminants Work
in the Department of Mechanical En-
gincering is focused on studying the way
gas plumes from smokestacks at power
plants are dispersed over the downwind
terrain, in an effort o better predict the
transport of acidic gases.

A key overall goal of the
Initiative is to work on both
theory and practice by
bringing together researchers
from academia, government,
and industry.

Heahh Effects

This area. unique to the MIT effort, is
headed up by Professor William Thilly,
Director of the Center for Environmenial
Health Sciences. According to Thilly, the
critical question debated in much recent
litigation has been whether or not chemi-
cals released or dumped into the en-
vironment eventually made their way to
households or the workplace, through
the water or air supply for example, and

Photo: Donne Covney

As part of the effort to predict and control the movement of hasardous substances in the en-
vironment, Professor David Marks oversees studies on how these materials move through

earth, air, and water.

Sarofim explains how research he is coor
linating fi on technologies for limiti
the production of hazardeus substances and
virenment.

caused cancer or othes health problems
in the plaintiffs’ families. Work in the
health effects area wil! attempt to provide
a scientifically defensible rationale for
adjudicating such cases. The issues 10 be
studied include:

¢ Determination of what chemicals ac-
wally exist in complex mixtures of poten-
tiallv hazardous subswiznces and which
are biologically undesirable. '

¢ Development of methods to measure
the amounts and types of chemicals
which can enter the human system and
their movement within the system.

® Study of techniques to identify and
catalog small amounts of unknowr.
chemicals in human systems.

* Investigation into exactly what hap-
pens on a genetic level o ceils and DNA
when such exposure occurs. MIT
researchers have been working, for exam-
ple. on a technique 1o establish a genetic
*fingerprint” which marks an individual's
exposure (o specific materials. This infor-
mation is critical 1o risk assessment and
public ‘policy making, and for seuting
limits for worker and citizen exposure
The work will provide dawa on exactly




what happens w0 the genetic material of
czlls when exposed %0 posentially danger-
ous substances.

Public Pelicy and

This effort will overiap intwo all other
avess of research in anempting 1 realiae
theee goals. One is 10 devise 2 straightfor-
ward and comprehensible framework for
decisions. The second goal will be 50 pro-
poee liability reform; such chaage is re-
quired w ensure adequase cleanup of
existing sites and 10 prevent the actions
of the past again. Third, researchers will
develop frameworks which encourage
participants involved in environmenual
disputes to jointly research facts and data
necessary o reach compromise Profes-
sor Lawrence Susskind of the Depan-
ment of Urban Swdies and Planning. an
expert on negotiation and leader of this
cffore. explains that such a structure will
lay the groundwork for negotiation. com-
promise. and progress in a variety of con-
troversial issues.

The work will encompass not only re-
search into negotiation. but also work on
siting activities which will invoive the
MIT Center for Real Estate Development.
and liability and tort issues. which will in-
corporate work done in the Sloan School
of Management. The Center for Technol-
ogy, Policy. and Industrial Development
will also contribute to beuer undersiand:
ing of wavs 10 implement research
findings in real settings. This effort is
coordinated by Professor Daniel Roos,
Direcior of the Center.

A kev overall goal of the Initiative is 10
work on both theory and practice by
bringing together researchers from
academia, government, and industry. Re-
search will not only attempt 10 develop
new knowledge, but also seek 10 apply it
in real cases 10 study. The steering com-
mittee of the Hazardous Substances
Group, composed of the five faculty men-
tioned above. is Jooking 10 industrial
pariners for advice, data, and direction
on future activities.

In addition 1o research, a large portion
of the Initiative will focus on education.
A recent independent survey of 69
selecied universities revealed that the
academic community is ill prepared
deal with the problems of hazardous
waste management, showing s general
Iack of breadth, limited course offerings,
and inadequately trained faculiv. To help

is 00 expose students 10 policy and man-
agem=nt issues a3 well as wechnical as-
pect. of hazardous substance problems.

In the long run, the educational com-
ponent of the Initiative may have the
greatest impact. By training students wo
recognize the broader implications of

working with hazardous substances, and
by providing them with the oppormniry
w focus their energies on this critical
field, the groundwork can be laid for the
solution of many of our society’s existing
problems. A sound education in hazard-
ous substances can also prepare students
to anticipate hazards that may srise from
new products and processes, and (o0 deal
with them before they become 3
problem.

= Marc | Chelemer
For more information en the sbove research,

circle mumber 55 on the Publications ovder
card.




AN

The MIT Report. Mas 1987

I Feature I

The Hazardous Substances Initiative:
Working to Create a Safer Tomorrow

dvances in technology, especially in
last 100 years, have touched
almost every facet of society. Improved
pest control and other farming methods,
for example. have set new suandards for
agriculwral productivity. Modern equip-
ment and techniques have made heat,
light, and power readily available in every
developed country in world. New chemi-
cals and chemical techniques have made
life move convenient in myriads of ways:
better medicines. new kinds of clothing,
more efficient household cleaning agents,
fresher foods, and versaiile new materi-
als. Semiconductors. and the products
they make possible. are revolutionizing
the flow of information. And biotech-
nolgy holds the potential of further
advances in fields as diverse as pharma-
ceuticals. agriculture. and energy.

But most of these advances have
brought new risks as well. Manv pesti-
cides, for example. are harmful to bene-
ficial insects and other animals. and
evenwally find their way into drinking
water. Coal and 0il combustion, essential
1o a wide variety of industrial processes,
can pollute the air. Some additives that
enhance the flavor or shelflife of foods
have been determined to be carcino-
genic And chemical and semiconductor
production processes involve hazardous
gases, liquids, or solids which must be
conuained properly during use, and then
stored or disposed of safely.

The cost of dealing effectively with
these substances, and the problems they
can cause, is staggering. Just last year, US.
industry alone spent an estimated $46
billion on pollution control. Govern-
ment, industry, and taxpayers spent
billions more on developing and im-
plementing laws and regulations, lobby-
ing, litigation, and public awareness
campaigns. Yet unless society can devise
creative ways to address the complex
problems of hazardous substances, the
very quality of life that has been made
possible by technological advance will be
threatened. |

Now, with the support and active par:
ticipation of industry aid government,

MIT has embarked on a major new re-
search and educational initiative w0 ad-
dress the national problem of hazardous
substances. This effort is one of MIT's top
prioritics for the next decade As a reflec-
tion of the extraordinary complexity of
the problem, the program will draw on
experts from MITs Civil and Chemical
Engineering Departments. the Energy
Laboratory, the Depariment of Applied
Biological Sciences. the Deparument of
Chemistry. the Departmemt of Urban
Studies and Planning, the Center for En-
vironmental Health Sciences, the Center

Hazardous materials can exist
as gases, liquids, or solids; the
specific nature and degree of
the threat they can pose to
bealth and the environment
can vary broadly; and they
are everywhere.

for Technology. Policy. and Industrial De-
velopment, and the Sloan School of
Management.

One of the main goals of the new pro-
gram is to integrate the expertise of these
disciplines in order to build a rational
framework for dealing with this pervasive
problem. Working closely with industry,
the MIT team hopes not only 10 make
technological breakthroughs, but also to
come up with effective management and
policy strategies for implementing them.
By strengthening and focusing its under-
graduate and graduate educational pro-
grams in this area, MIT willalso ¢ . 10
provide students with the proper «. 1bi-
nation of skills and insights needed 10
develop and implement further techne:
logical advances safely and efficiently.

Developing effective schemes for
managing hazardous substances is par-
ticularly problematic because these ma
terials can exist as gases. liquids. or solids;
the specific nature and degree of the
threat they can pose to health and the en-

vironment can vary broadly; and they are
everywhere As a result. progress in the
ficld has been siow:

Often, the dangers posed by using
these materials are not evident for a long
time. It took years before the side effects
of such substances as DDT, Agent Orange,
and PCBs were discovered. Recent
studies have shown that even ordinary
used motor oil may be carcinogenic In
fact, a wide variety of readily available
household products are dangerous. and
should be handled—and disposed of—
with care

The problem is further complicated by
the fact thai the specific effects of ex-
posure 1o chemicals are not clearly un-
dersiood, and the technology and
science of determining the long-term ef:
fects on living things of exposure to vari-
ous substances is inexact at best. The
resulting controversies and legal baudes
have served to cloud the basic issues at
hand.

Finally, most existing methods for
addressing the broad concerns about
hazardous substances have evolved piece-
meal in response to each problem as it
has flared up. The research. regulations,
and legislation that has followed the dis-
covery of each problem has rarely been
integrated and coordinated effectively.

Organizers of the MIT Initiative be.
lieve that an interdisciplinary approach
is essential to progress in dealing with
hazardous materials because of the vari-
ety of dimensions found in any particu-
lar problem. A company worried about
coal combustion must, fi . example, con-
sider the economics of alternative fuels,
the technical possibilities for limiting the
release of harmful gases and particulates,
the way combustion products released 1o
the atmosphere are dispersed, the health
effecrs of the poliutants, and the political
and regulatory environment.

Leaders of the Initiative also believe
shat an institution such as MIT can offer
a “neutral ground” for addressing the
more sensitive and controversial issues
surrounding hazardous substances. Rec-
ommendations and research results mav

T
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achieve greater credibility when they
come from an independent third panty.

In order 10 help keep the research and
educational aspects of the initiative
relevant to the needs of society. MIT
researchers are actively seeking the aid
and advice of indusiry and government.
A wariety of collaborative and case-
specific research programs will be set up
to incorporate the industrial perspective.
While these rescarch activities will be
coordinated by the MIT Hazardous Sub-
stances Group. which consists of repre-
sentatives from several kev areas of MIT.
an advisory boaid of industiry and gov-
ernment leaders will assist in seuting the
Group’'s agenda.

MIT has a long history of in_olvement
in various facets of hazardous substances
rescarch. The Institute's very fint record-
od research project— which
began in the. fall of 1903 — was for work
on hazardous waste According to a
report released at the time, MIT recieved
$5000 for “experiments with a view 10
finding out the cheapest and mos: effica-
cious way of purifying sewage before it is
poured into the rivers and harbors of our
country”

Over the years. a number of lines of in-

vestigation related to the management of

The Institute’s very first
recorded reczarch
project —which began in the

fall of 1903 — was for work
on hazardous waste.

hazardous substances evolved indepen-
dently throughout the campus. The new
MIT initiative will bring this work to-
gether in an organized interdisciplinary
framework. Dr. John Ehrenfeld. who has
worked on envirnnmental issues both in
government and in industry for several
years. has come 10 MIT a» a senior
research associate in the Center for Tech-
nology, Policy. and Industrial Develop-
ment (CTPID) o hold this framewnrk'
together as Program Coordinaior. :

Mw-mmmwquuéﬁpm—a

The Initiative will be looscly divided
inw four principal subject areas for re-
search, as summarized below. Each effort
will be coordinated by a senior faculty
member. In cach case, short-term goals
will focus on specific echnologies which
could be applied 10 critical problems cur-
rently Jacing society. Longrange goals
are directed towards providing new tech-
niques, both technical and political, for
addressing problems of the future

Sources and Contrel

The purpose of this group, led by Profes-
sor Adel Sarofim of the Department of
Chemical Engineering. is %0 study the
sources of chemicals in our environment
and how technology can reduce the risks
they pose. The best method of dealing
with some hazardous substances in the
future is 10 not make them at all. But
when they are created, sechniques must
be found o remove them as completely
as possible before they reach the envi-
ronment. Research in the Depariment of
Chemical Engineering is under way on
both ' these subjects. On the topic of
prevention, alternative pathwavs in
chemical manufaciure which could be
used 10 cveate desived products while
reducing wastes or unwanied bvproducts
are being investigaied

Other work focuses on examining com-
puter models which can assist process en-
gineers in maximizing product output
while minimizing waste production. Ad-
vanced computer systems 10 monitor
operations, predict failures. and assist
plant operators in emergency situations
in process planis are being developed.
Such systems could prevent exposure of
workers 10 hazardous materials, and min-
imize accidental release of materials inio
the environment. Such tools will help
prevent nuclear or chemical plant acci-
dents in the future, and instill confidence
0 local communities that nearby plants
are indeed safe.

The technology for destroving existing
hazardous materials is another major re-
search thrust. Supercritical oxidation of
chemicals promises an efficient means o
destroy ammonia, carbon monoxide, and
organic materials. Incineration wechnel
ogy has rexched the point where
999999% of materials introduced into a
furnace are burned (0 harmless residues,
CO,. and water. Ongoing work is’
directed towards developing high-speed
sensor sysiems 10 accurately monitor and
contro} such incinerators as the feed:,
siream contents change. Better sysiems

(continurd on nexi pagr)
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Why
The manaf_ement of chemicals in the environment, broadly construed to include products

with beneficial uses and pollutants arising from a variety of sources, is a problem that

the national economy and political agenda. It has persisted as a high priority issue
in every broadly based public opinion survey over the last decade or more. Billions are
being spent to clean up old wastes and to manage current outputs. Federal regulatory
activities run at a frenzy. Government and private research probe the causes and solutions
w0 the problems at a varniety of different institutions.

Even with all this effort there has been little progress in recent years. The cuments are
running the wrong way, and as a nation we are Jocked into a gridlock of conflicts. We
cannot agree on priorities at the national policy level. We cannat agree on the scientific
basis for action. We cannot agree, at the local level, on the siting of long overdue, safe
facilities. New approaches are clearly needed.

Program Concept and MIT's Role

MIT, with support and cooperation of industry and government, has made a major
commitment to help solve the complex problems of chemicals in the environment through
our comprehensive research and education Program on Hazardous Substances
Managemen:. The basic shape of the program, as described below, reflects the conplex
and demanding set of problems that must be addressed. It follows a new approach,
predicated on the unique resources and reputation of MIT.

New Paradigms

The stalemate that accompanies both debate and action around this complex set of
problems continues. While more resources are needed, simply working harder is not
enough. We believe that the approaches and techniques needed to solve this set of
problems must be different, not merely better. That is, we need new paracigms—models
or frameworks that shape the way we see the world and take individual and collective
actions. Our faculty, through their research in many areas, have already brought us to the
frontiers of critical, new paradigms.

Technology Linked to Policy

We have seen that the creation of better and better technology is not the same as
securing the social acceptability of the application of that technology to solve a particular
problem.The technology development process must be coupled with new techniques to
allow the parties involved to resolve their differences, to determine what is to be demanded
or expected from the technology, and to create an opening for action and progress.

ientific knowledge and technological practices must be linked to policies which can
extract the benefits intnnsically available in that knowledge and set of practices. Current
policy-making and decision-making procedures have effectively shut down the
conversations that must occur in our society to reach such a desirable state. Technical
research must go hand in hand with investigation into new decision-making tools and with
examination of altemnative policy options. Our proposed research agenda and educational
program strive to forge these links.
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Multidisciplinary

The problems are extremely complex, involving scientific, technological, and social
folicy questions. Although parts of the pu.zle can be fitted by solutions resting within a
airly narrowly defined discipline, the tougher issues will not be resolved without
substantial interplay among several areas. For example, research leading to a fundamental
understanding of the health effects of hazardous substances, as we have approached that
question at MIT, has closely coupled research in applied biological sciences, chemical
engineering, and analytic chemistry to achieve a level of understanding not available
through isolated endeavors.
is structured as a matrix organization to promote maximum intermingling
of the large base of on-going research activities and new projects created out of this
initiative, and draws on the expertise of specialists in the fields of

—the destruction of hazardous wastes

—the containment of wastes at old disposal sites

—process changes to avoid the generation of hazardous substances
—movement of chemicals through the enveronment

—toxicology and human health eliects

—risk assessment

—monitoring, instrumentation, *nd inspection techniques
—mediation of science-intensive disputes -,

—regulatory law and economics.

MIT's Commitment

The large academic institutions have a critical role to play in resolving this and similar
large societal problems. The traditional, somewhat passive role that is taken by many
academic institutions with respect to the choice of priorities ofien leaves them playing
catchup with the problems out in the world. This is not the case here; MIT has, through
commitments by the faculty and by the top administrative officers, made the management of
hazardous substances one of the highest priority areas for research and education for the
next decade.

Neutral, Objective Source of Knowledge

Academic institutions offer ai. additional characteristic no longer immediately
associated with either government or business, that of neutrality and trustworthiness. By
working in 2 university context, with its open inquiry and flexibility, the credibility of the
research and the findings will be greatly increased.

Theory and Practice—Hand in Hand

MIT has since its inception built its institution on the concept of theory and practice,
hand in hand, as our moito (Mens ez Manus) states. This proposal follows in that mold.
Cur research plan will couple the basic elements to a set of integrated, applied projects that
will spill out into the real world as our extended laboratory. This approach assures the
building in of reality checks, particularly important in any program that seeks to couple
science, technology, and policy.

Partnership

A successful program in this area must be based on cooperatior, support, and
guidance from all of the keys groups of interested and invoived parties. This program




integrates financial and intellectual support from industry with government research
contracts to achieve a mix of activities not attainable from a single source.

Education and Technology Transfer

Successful research is of little use until its meaniny. impact, and potential applications
become known to and are accepted by society. Education and a continuing program for the
transfer of the results must be closely integrated to the research agenda.

The Program Framework

One view of the overall program is depicted in Figure 1. This representation shows
the three major programmatic elements—basic research, applied research, and
education—and indicates their interlinked relationships. The initial plan has three long-term
research objectives, to:

» develop new approaches to public and private decision making that can break the
present logjam surrounding siting, regulation, and policy making in this area generally
(The shift comes in the replacement of technocratic, bureaucratic, top-down approaches to
policy and conflict resolution by a consensual, participatory approach to policy
development and conflict avoidance): :

e develop new methods to provide direct evidence of the effects of chemical exposure
on human health which will permit wiser setting of priorities, technological choices, and
objectives for risk management (The change replaces an inferential basis fraught with

uncertainty and inherent judgments with a more scientifically-defensible system):

L

» develop innovations in product and process technology that will help us avoid the
creation of wastes and dangerous products in the first place (The shift is obvious; from
wasle managemen to ination).

In addition, reflecting the need to provide better interim, short-term approaches, we
also seek to

e develop more acceptable, safer waste management technologies to handle the
wastes of the past and present, for example, large quantities of contaminated soils for
which there few practical and economical current techniques available; and

e develop better understanding of the fate and transport of chemicals in the
environment to reduce the uncertainty in risk assessments and in selecting site-specific
solutions.

We ~xpect shori-term needs to shift con’inually over time, and, with the guidance of an
outside sieering committee, we will adapt our research agenda accordingly.

The concomitant educational thrust is to develop a strong program for both
undergraduate and graduate students to assure that future public and private leaders will be
knowledgeable about hazardous substances and will be able to lead us toward a a safer
tomortow. Through specialized courses and curriculum development, we will extend the
activities outside. MIT has a very strong record of curricular innovation which has
influenced the teaching of many disciplines nationwide.

- —
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Both the research and educationai ciements of the program ar: built on four broad
areas of inquiry:

1. Wha: are the sources of chemicals in our environment and how can technology
reduce the risks they pose?

2. How 8o haiardous chemical; move through and become modified by the
eavironme?

3. Wh-t ux the relationships between these chemicals and human health or
environmental ion?

4. What kind of policies and decision making will lead to levels of risk that are
acceptable 10 all sectors of our society?

The Educational Elements

The educational direction of the hazardous substances program is designed to have a
long-term impact. MIT educates scientists, engineers, managers, and designers of public
policy who will shape our future. The primary educational objectives are to allow graduate
students an opportunity 1o focus on the lems of hazardous substances and to give
mundumduﬁ:s an informed perspective which to view the the implications of their

An interdisciplinary core curriculum for graduate students in otherwise separate MIT
departments and centers emphasizes environmental, and health issues. Graduate students
doirg specialized work in a conventional disciplinary framework on some aspect of this
problem develop a working knowledge of related sechnieal and policy issues. In addition
to the core cumiculum in hazardous substance management, they take related courses
available through regular departmental offerings.

The first four courses, all with a common theme to draw attention to their
interconnected nature, will be offered for the first time by the end of the 1987-1988

academic year. They are (the first time is in parentheses):

Chemicals in the Environment: Sources and Control (Spring 1987)
Chemicals in the Environment: Fate and Transport (Fall 1987)
Chemicals in the Environment: Human Disease (Spring 1987)
Chemicals in the Environment: Policy and Management (Spring 1988)

Additional subjects need to be developed on related aspects of hazardous substances
management to permit students in degree programs to gain specialized skill and
understanding. Taking this series of courses will provide a context for the graduate’s
future carcer and may lead some students directly into professional activities involving
hazardous substances. The program is being designed primarily to fit int.» the existing
degree structure in the depantments whose graduates would most frequently become
involved with hazardous substances management. At MIT the depantments include Civil
Enrz‘in_eering. Chemical Enginecring, Applied Biological Sciences, and Urban Siudies and

ning.

It is expected that students who wish to Jeave with a subspecialty in this area will take
the above sequence of courses and will do theses on related subjects. Ir  ddition, some
students may choose the Technology and Policy Program (TPP) leading to he Master of
Science in Technology and Policy which provides a strong foundation in advanced
technology combined with graduate level training in economics, political science, and the
social sciences.

The program will offer, in addition to the MIT academic activities, seminars, summer
programs in specialized areas, and other continuing education projects A periodic
newsletter is planned.

T e s




The Research Elements

Current projects related to hazardous substances (see Appendix A) are running at an
annual of over $6,000,000, and are sponsored by a variety of sources including the
EPA, » DOD, DOE, state agencies, and industrial grants.The research program is
focused on those pressing problems where MIT experience and capabilities are most
relevant. In some of the areas, on-going work promises breakthroughs on how we
undemmdlnddg ;dmghmd:fofcbmi:a:‘i’ndn:nvﬁmmtm he

Tﬁm or the types of researc teaching emphasized in program
gtsen include the departments of Civil Engineering, Chemical Engineering, Applied

iological Sciences, Chemistry, and Urban Studies and Planning; the Laboratory;
the Center for Environmental Health Sciences; the Center for Technology, Policy, and
Industrial Development; and the Sloan School of Management.
The following areas include current research and planned new projects.

Laboratory-based Research Themes

Incinerazicn and Other Advanced Technologies—Research on fundamental combustion

at MIT has achieved a level of understanding and sophistication sufficient to

apply to the particular problems of hazardous waste treatment. Incineration is a key

tec , but must still be improved before it finds widespread acceptance. New studies

planned for the program include elucidation and contrql of processes that form incomplete

products of combustion, analysis of failure modes and system malfunctions, relationship of

destruction mechanisms to thermochemical and mixing processes, and the development of

high-speed response performance monitoring instrumentation. The latter is particularly

important, as fail-safe operational control has been found to be a critical element in the
concerns of opponents to facility siting.

A high priority project will examine incineration and other advanced technologies as a
means to treat contaminated soils, perhaps the most difficult and expensive problem
associated with ¢ .

Work in this area builds on a large faculty and laboratory base. Pilot and full-scale
combustors are in place in the Energy Laboratory and the Chemical Engineering
Department. A large body of past and current work on understanding the toxicology of
combustion products strongly couples two of the four programmatic themes, sources and
control and health effects.

Human Health Effecis—This part of the program integrates much research in
progress. One aspect involves dissection of complex chemical mixtures such as found in
most hazardous substances anc’ in the wastes at abandoned disposal sites, and determines
the individual chemical components responsible for the undesirable biological activity of the
mixture. A major new effort now underway involves the direct measurement of the amount
and kind of chemicals that enter a human under normal environmental conditions, and the
determination of which, if any, have undesirable effects. The techniques permit analysis
of known compounds in blood samples, but additional research is d to improve
analytic sensitivity to permit identification of unknown substances. A third area seeks
ways 1o diagnose the causes of disease by examining the patierns of genetic change in
b%mﬂ”ﬁwdm ly supported by individual and program/projec

interre vors are strongly § y individu ject

ts in the Center for Environmental Health Scyences (Degmmenn of Applied Biological

gli:nces, Chemical Enginecring. Chemisiry, Civil Engineering, and the Energy

Laboratory). Advances in this area will profoundly affect the ways we set standards,
adjudicate 1o cases about toxic substances, and monitor the health of large populations.




Fate and Transport of Chemicals in the Environment—Knowledge in this area is
essential to forging the links between sources, human and environmental receptors, and the
controls that must be used to manage risks. Again building on a large body of existing
expertise and laboratory resources, the program will include studies on improved models
for predicting movement of contaminants in groundwater, soils, and sediments. The work
will couple physics, chemistry, and microbiology. Mathematical models are necded in a
variety of applications, ranging from policy analysis to risk assessment 10 site-specific
design. Field studies, although expensive, are critical to perform in order to validate the
models and demonstrate their effectiveness. Field-monitoring instrumentation will be
devel&ped in another project aimed at the problems of measuring contaminants in soils and
groundwater.

Policy and Case Study Themes

Environmenzal Policy and Dispute Resolution—Policy and management research will
focus on the basic research objectives over the next five years. The first concerns the
institutionalization of negotiated approaches to siting facilities and to making other
decisions with environmental implications. There are many federal and state agencies who
are interested in cooperating in research in the fizld in order to find better ways to manage
their responsibilities. Particularly with regard to clean-up, the institutionalization of
negotiated approaches can save time, money, and perhaps even lives.

The second objective is to examine potential reforms to the present liability system.
Such work is key to resolving fundamental problems in both the remedial context and in
avoiding expensive conflict in the future. The third part will look at methods for joint fact
finding and for resolving science-intensive disputes. In some instances, MIT researchers
could play a neutral fact-finding or mediating role in actual cases.

Impac1 of New Science and Technology—The implementation of research results from
MIT and other institutions will, in many cases, have large impacts on current regulatory
policy and adminisative practices. In anticipation, the program will develop and examine
new policy options. For example, it was noted above: that knowledge derived from health
effects research will change the way we set priorities and treat other critical aspects of
toxics policy. Advances in waste treatment and clean-up technology will have similar
impacts on standards setting and on monitoring requirements. Projects to examine the
implications of the health effects work and to investigate the acceptability of incineration, as
a key treatment technology, have been assigned high priority.

Transporiation—The transportation of hazardous substances is one of the most risky

Kans of the flow of ch-micals in the environment, and is a key economic factor in

dous waste management. Evaluation of logistical systems for pick-up and transport

of wastes from dispersed sources will be an important element of the household project
described below.

Management of Household Hazardous Wastes —~With the urging and support of
Governor Sununu of New Hampshire to use that state as a case-to~study, we are planning
a project to develop and assist in the implementation of a state-wide household hazardous
waste management system. Our research objectives extend far beyond simply putting into
place a periodic collection program. We will determine the way that individuals perceive
the risks in using and disposing of these materials, and examine the short- and long~-term
risks to the entire community. choice of technologies, particularly incineration, scaled
to the dimensions of this problem, relative to industrial waste, will be made in a policy
dialogue and conflict resolution framework based on the mediation techniques developed
by Professor Lawrence Susskind. By carrying out the project with real issues, real
institutions, and in real time, we will test the practical utility of the sesearch applied

|
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broadly. A secondary objective of this project is to learn how to educate the general public
about the origins of hazardous substances and of their roles in both creating and managing
the problems that arise.

Guiding the Program and Setting Priorities

Research activities are coordinated by the MIT Hazardous Substances Group which
includes representatives from several different departments and centers at MIT. An
advisory board of senior industry and government officials will meet frequently to assist
the group in setting its agenda. The MIT initiative is structured differently from other
school’s programs. We have not established a new center or laboratory, but, rather, have
designed our prograr: around a matrix management concept in order to involve and benefit
from the entire body of interested faculty and staff.

This initiative is the outgrowth of the commitment of a core group of senior MIT
faculiy to apply their rescarch and academic pursuits to solving the cEs'ublﬂns posed by

icals in the environment. The Hazardous Substances Group includes;

Prof. David H. Marks
Head, Department of Civil Engineering

Prof. Adel Sarofim e
Department of Chemical Engineering

g;f. WilliamfG. '!'hillyB : S
artment of Applied Biological Sciences
Director, Center for Environmental Health Sciences

Prof. Lawrence E. Susskind
Department of Urban Studies and Planning

Prof. Dariel Roos
Japan Steel Industry Professor of Civil Engineering
Director, Center for Technology, Policy, and Industrial Development

In addition to the core group, other faculty will participate in buth the educational and
research aspects of the program. Dr. John R. Ehrenfeld, who has spent over 20 years in
both the public and private sectors working on environmental problem solving, has joined
MIT 1o serve as coordinator of the overall inibative.

Financial Support

Support for the program for a safer tomorrow is expected to come primarily from two
sources: industry and government. Support is also being sought from foundations.
Govemment support will largely be directed to individual focused research projects and to
the on-going activities within the Center for Environmental Health Sciences. We will seek
joint funding for projects wherever a iate.

Industnal sponsors fill key financial gaps. The primary areas of need include: seed
research, policy-oriented case studies, outreach and continuing education, curmriculum
development, graduate student fellowships, and to underwrite overall project management.
Fellowships are a critical need; approximately half of the industry support will be allocated
to permanent fellowship endowment.

The base level of industrial support sought is a total of $10,000,000 to fund the first
five years of the program. To reach this goal, MIT is seeking contributions of $1,000,000
spread over the five years, from each of 10 corporations.

.
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APPENDIX 1

" SELECTED LIST OF CURRENT(1986-87)
MIT RESEARCH PROJECTS
RELATED TO HAZARDOUS SUBSTANCES




Sources and Control

Organic Particulates from Vaporizable Fuel Combustion
J. P. Longwell, J.B. Howard, W.A. Peters, and A F. Sarofim

Basic studies of organic particulates from vaporizable fuel combustion, focusing on
characterization of soot and polycyclic aromatic hydrocarbon compounds (PAHs)
produced by combustion of vaporizable fuels under well-defined conditions using
relatively small-scale equipment, collection of soot and PAH samples, including
sulfur- snd nitrogen-containing polycyclics, for detailed chemical analysis and
studies of toxicity. Relationships between mutagenic/carcinogenic activity and
fuel/flame characteristics will be studied.

Organic Particulates from Coal end Heavy Liquid Fuel Combustion
A.F. Sarofim, J.B. Howard, and J.M. Beer

The formation of organic particulates and polycyclic aromatic hydrocarbons will be
studied under well-defined laboratory conditions simulating the temperature and
oxidation histories expected in practical combustors. Emphasis will be place on
pulverized coal, coal-derived liquids, and residual oils with high carbon/hydrogen
ratios.

Hecalih Effects of Combustion of Vaporizable Fuels -
J.P. Lungwell and J.P. Howard

Research sddressing chemistry questions in the formation of soot and PAHs
(polycyclic aromatic hydrocarbons) from the combustion of fuels that may readily be
vaporized. The project may be conveniently divided into two facets. Well Stirred
Reuctor Studies (facet A) are based on use of a reactor designed to eliminate
mixing effects by promoting intense stirring of reactants and products during the
actual combustion process. Laminar Flame Burner Studies (facet B) *mploy relatively
small-scale laboratory flames in v :ich the flow of reactants is laminar and in which
they are either mixed at low temperatures prior to reaction, or mixed together by
molecular diffusion. ’

Analytical Chemistry fcr Combustion Products
K. Biemann

In 8 collaborative effort with the Department of Chemical Engineering and the
Toxicology group of the Department of Applied Biological Sciences, the component
of the complex products derived from the combustion of various fossil fuels are
being identified by gas chromatographic mass spectrometry, high performance liquid
chromatography, and Fourier-Transformation Infrared spectroscopy. This effort is
directed towards minimizing the health hazards, if any, posed by the use of fossil
fuels in engines and furnaces, by modifying the combustion process.

Formation of Polycyclic Aromatic Hydrocarbons in Premixed Flames
J.P. Longwell and J.B. Howard

Rich mixture flames form polycyclic aromatic compounds, some of which are
mutagenic or carcinogenic. Formation of these compounds is being studied in a
flat-flame burner and s jet-stirred reactor.
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Molecular-Weight Growth in Flames

J.B. Howard and J.P. Longwell
Basic research on the chemistry of molecular weight growth in fuel rich flames and
development of kinetic models to predict yields of desired and undesired products
for reaction systems of interest. Special attention is on mechanisms of soot and
polycyclic aromatic hydrocarboa (PAH) formation. A molecular beam sampling
instrument and on-line mass spectrometry are used for in-flame measurements.

Aromatics of Oxidation and Soot Formation in Flames

J.B. Howard
A study of the kinetics and mechanisms of aromatics oxidation snd soot formation
in flames, using molecular-beam sampling with on-line mass spectrometry, analysis of
beam deposits, and in-flame laser scattering and absorption. Profiles of soot
particle size and aumber concentration and radical gas species concentration are
measured and used in critical tests of reaction models.

Formation of Nitric Oxides in Flames

A.F. Sarofim snd J.M. Beer
Experimental and theoretical modeling of the formation of nitric oxides in flames,
the devolatization of nitrogen-containing compound from coal and the oxidation of
atmospheric and fuel nitrogen is both premixed and diffusion flames will also be
studied. .

Analysis of Polycyclic Aromatic Compounds

K. Biemann, J.E. Biller and ].J. Gagel
Analysis of polycyclic aromsatic compounds produced in combustion engineering
studies. Advanced techniques of gas chromatographic mass spectrometry will be
used to identify the compounds present. A method of off-line coupling of high
performance liquid chromatography and infrared spectroscopy is also being developed
for this purpose.

Computer in Mass Spectromeiry

K. Biemann and J.E. Biller
Development and improvement of hardware (interfaces between mass spectrometer
and 8 computer) snd software for the acquisiticn, evaluation, and interpretation of
mass spectrometric data. These techniques are at the same time used in the
investigation of organic compounds from biochemical, clinical, and environmental
sources.

Combustion Research Facility

JM. Beer, PM. Walsh, M. Togan snd T. Yu
A program has been initiated on the clean combustion of fossil fuels (gas, oil, and
coal) and new coat-derived fuels such as Low-Btu gas, solvent refined coal, coat-in-
oil mixtures, coal-water slurries, and oil-water emulsions. Central 10 this program
has been the design, construction, snd operation of a pilot-plant size experimental
furnace with up t0 3 MW thermal input, with variable heat sink and multifuel
burning capability, Combustion diagnostic techniques under development include
laser soot scattering, laser velocimetry, and spectroradiometric measurements.
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Combustion Studies of Healih Effects of Perticulates

JM. Beer, W. Farmayan, D. Teare and PM. Walsh
An investigation of the formation of organic particulates form industrial combustion.
To wnderstand this problem, turbulent mixing. heat transfer, and chemical kinetic
processes occurring in industrial-size flames are being studied. Organic particulates
including polycyclic aromatic hydrocarbons and sulfur and mitrogen-contaiaing
bheterocyclic will be studied in pilot-scale combustion equipment, which allows the
processes t0 be independently examined and their interactive effects to be
understood.

Combustion Studies of Organic and Inorganic Particulates

J.M. Beer, P.M. Wakh, M. Togan and A. Dutta
To fully understand the formation of potentially toxic particulates in practical scale
combustion equipment, the turbulent mixing, heat transfer, and chemical Kkinetic
processes in the flame must be carefully studied. The purpose of this project is to
perform these studies in a controlled manner using pilot plant scale equipment that
allows these three processes to be independently studied and thus their interactive
effects to be uncz2rstood. The focus is on turbulent diffusion flames and fluidized
bed combustion.

Combustion Sampling for Chemical and Biological Characterization

W.A. Peters, A.G. Braun, AL. LaFleur and J.P. Longwell
The -objectives are to provide reliadble samples of soot and organic combustion
emissions for detailed chemical and biological analyses, and to relate the results of
those analyses 10 combustion conditions snd fuel type. Practical scale combustion
equipment (such as the residential oil burner) and model combustion reactors are
being examined.

Chemical Analysis for Combustion Research

A.L Lafleur
A collaborative effort between the Energy Lab and the Environmental Health
Sgiences center to provide and maintain a Laboratory for the chemical analysis of
fossil fuels and their combustion products. Work is under way to characterize
combustion samples from a number of sources so as to shed light on the mechanisms
of formation of species suspected to pose human health problems.

Chemical Analysis for Healih Effects Research

A.L. Lafleur
Research to characterize a3 number of combustion-related complex mixtures, with
special emphasis on the identification of agents responsible for mutagenic,
carcinogenic, and/or teratogenic effects.

Kineitics of Oxidation of Ammonia. Carbon Monoxide. and Other Organic

Compounds in Supercritical Water

J.W. Tester
Fundaments! studies of the kinetic rates and mechanisms of oxidation of ammonia
and carbon monoxide as 8 homogeneous reaction with oxygen in 8 supercritical
water phase. The oxidation of other organic molecules is being examined in
supercritical water as 8 method of hazardous waste treatment. Additionsl studies
sre also under way on oxidation methods of waste water treatment for spacecraft
applications.




Gas Treating with Reactive Emulsions
T.A. Hatton

A technical and economic evaluation of a novel emulsion scrubbing process for the
removal and/or recovery of trace solutes from gaseous streams.

Electroosmaotic Control of Hazardous Waste Leachates
R.F. Probstein and P. Renaud

Laboratory tests and theoretica! analysis of the feasibility of using electroosmosis at

hazardous waste sites to control and direct leachates, injected fluids, and
groundwater flow.




Eate and Transport

Stochastic Prediction of Dispersive Contaminani Transport

L.W. Gelhar
Development of methods to determine field scale dispersion coefficients snd
evaluation of the reliability of groundwater solute transport predictions of
contamination plumes. Stochastic transr -t theory is being used to predict the
concentration of variance in terms of hydraulic conductivity variability. Existing
field dan on plume dispersion is being compared with stochastic theory for
macrodispersion and concentration variability. Applications to the design of
monitoring networks and aquifer restoration are also considered.

Colloid-Enhanced Toxic Chemical Transport in Groundwater

P.M. Gschwend
Isolation, quantification, and characterization _of colloids from contaminated
groundwaters in sddition to measurements of the sorption affinities of toxic
hydrophobic chemical for these colloidal sorbents.

Biological Impact of Waste Meital Disposal

F.M. Morel and G. Harrison
An investigation of the physiological (snd whep necessary, diochemical) processes
through which toxic merals affect the planktonic biota, how these processes depend
on the chemistry of the medium, and how organisms respond to metal stress through
acclimation, adaptation, or modification of their medium. Ultimately, 8 convenient
and rapid chemical assay will be developed for determining the sensitivity of
phytopiankion to trace metals.

Acid Deposition on a Massachusetis Water Supply Watershed

H.F. Hemond
A biogeochemical study of a central Massachusetts watershed, focus.ng on sources
and sinks of major ions, links with subsurface hydrology. and biological processes.

Guided Wave Measurement Techniques

K.R. Maser
Development of instrumentation for improving in situ evaluation of containment
barrier systems st hazardous waste sites using geophysical theories and methods.

Field-Poriable Probe for Volatile Pollutants and Biogeochemicals

H.F. Hemond

Development 0 8 lightweight. high-performance, field-portable instrument for
detecting 8 wide range le environmental poliutants and biogeochemicals 10
provide rapid on-site information to field workers on pollutants and biogeochemicals
in a variety of coastal environments 8ot measurable with existing techniques.
Membrane interfacing and mass spectrometric detection will be used.

Field Insiruments for Measuring Volatiles in Groundwater
P.M. Gschwend and H.F. Hemond
A project to facilitate groundwater monitoring of volatile organics by developing:
(1) sn on-column squeous injective glass capillary gas chromatograph and (2) in siu
membrane-probe mass spectrometer system for field use.




Water Quality Monitoring

H.F. Hemond
Developm; 8n in situ probe which can be easily drivea into aqu:fers or inserted
into momtormg wells or surface water and will provide monitoring of volume

organic contaminators such as solvents and fuels. The semi-permeable membrane
technique will be used, and detection will be done by mass spectrometry.




Health Effects

Cell Cultwres for Bioassay of Environmental Chemicals

W.G. Thilly, A.G. Braun and A.L. Laflewr
A multidisciplinary program to spply sewly developed techniques utilizing
continuvously propsgating human cell lines in assays for mutagenic and cytotoxic
effects of environmental chemical on human cells.

Diagnosing the Causes of Human Genetic Disease

W.G. Thilly, N. Cariello, A. Cantiello and 1. Gennett
Using human blood samples and the concept to mutational spectra, means are being
developed to discover the causes of human genetic change.

Toxicology of Macromolecular Damage

J M. Essigmann
Characterization of the molecular events that underlie the genotoxic effects of
environmental chemicals. The experimentsl approach being developed utilizes the
tools of organic synthesis and genetic engineering to construct DNA molecules tha:
have derivatives of eavironmental toxins situated at exactly know genome locations.
These DNAs are introduced into the cellular environmeat where they act as probes
for detecting how the toxin residue changes the normai functioning and processing
of DNA. Ulimately, it is the objective of - this program to formulaic -ules that
could make possible prediction of the genotoxic activity of environmental chemicals.

Genetic Toxicology Testing Laboratory

A.G. Braun
The laboratory interacts with numerous investigators both inside and outside MIT to
assay large numbers of chemicals and complex mixtures to determine toxicological
activity. Basically, gene locus mutstion in bacteria or human cells is the end point
examined. Research on assay development and improvement is also conducted.

In Vitro Teratogen Testing

A.G. Braun
A study of methods for the evaluation of teratogenic potential in complex mixtures.
Exogenous metabolizing systems are being used to “activate™ and inactivate
teratogenic agents in vitro. The principal system in use involves the attachment of
cells to lectin-coated surfaces. Most teratogenic agents interfere with attachment.
A quantitative relationship between the concentration of inhibitory teratogens in
vitro, sand their teratogenic sctivity im vitro has been demonstrated for over 100
teratogenic agents. As sppropriate, other in vilro teratogenic assay systems will be
used in the laboratory.

Molecular Interactions in Carcinogenesis and Mutagenesis

G.N. Wogan, W. Rausch, and G.H. Buchi
Many chemically inert compouuds can be metabolically converted in the tissues of
snimals and man into reactive derivatives. Covalent bmdmg of these derivatives to
cellular macromolecules, especially DNA, can give rise 10 various toxic
manifestations including cancer, mutation or cell death. Similar mechanisms may
underlie other forms of toxicity including teratogenesis, hemolytic anemia, and
sliergic reactions. Elucidstion of these molecular interactions is therefore crucial to
sn understanding of the mechanisms underlying the toxic responses. Studies with
this genersl objective sre in progress on the following compounds: sflatoxins and
sterigmatocystin; benzene; mitrosamines, heterocyclic products of cos! combustion;
and pyrolysis products of amino scids.
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Carcinogen-Binding Proteins -
M. A. Marletts, H. Barton, M. Constantini, and H. Kwon
A protein in mouse liver cytosol has been found that binds many polycyclic aromatic

hydrocarbons in & receptor-like fashiom. Studies will include purification,
characterization, and determination of biological function.

Chemical Carcinogenesis and Activation of Cellular Transforming Genes

G.N. Wogan
Whole animal snd tissue culture models have been developed to ascertain the
sequence of events that follows a single-dose exposure of a8 chemical carcinogen.
The temporal relationship between the formation of DNA -carcinogen adducts and the
activation of proto-oncogenes to the development of s preneoplastic cell phenotype
and the subsequent development of a tumor are being investigated. The activation
of specific proto-oncogenes in respoase to particular compounds will be observed by
measuring (1) the relative levels of oncogene-specific mRNAs, (2) the wransforming
potential of cellular DNA after transfection into mouse fibroblast cells, and (3)
changes in sizes of oncogene-containing restriction fragments.

Modifications of Macromolecules by Products of Fossil Fuel Combustion

G.N. Wogan T .
Determination of biological effects of combustion products involving studies on
modifications of macromolecules, in vivo and in viiro, by products of fossil fuel
combustion. The goal is to predict the potential health hazards posed by compounds
and crude extracts derived from fossil fuel combustion residues by determining the
extent and nature of the covalent binding of the text compound to biological
macromolecules. Compounds will include selected polynuclear aromatic hydrocarbons
(including fluoranthene and others) representative of those identified in the extracts
of soots formed under well-defined fossil fuel combustion conditions.

Human Chemical Dosimetry

S. R. Tannenbaum and P. Skipper
Development of anslytical approaches to the monitoring of individual human
exposure to exogenous chemicals, such as environmental carcinogens. The primary
focus in on formation of stale adducts with blood proteins. Compounds under study
include hydrocarbons, sromatic amines, aflatoxin, and N-nitrpso compounds.

Nitrosamines as Environmenial Health Hazards

S.R. Tannenbaum
Development of analytical methodology, coupled with studies of the metabolism of
nitrate and nitrite, formation of N-nitroso compounds from food components,
etiology of gastric cancer, anC formation of mitrosamines in viso.

Carcinogenicity of Fossil Fuel Combustion Products
W.F. Busby
Development of short-term animal bioassays for testing the carcinogenicity or -
tumorigenicity of compounds snd soots derived from the combustion of fossil fuels.
The emphasis has been placed upon the induction of lung tumors or their precursor
lesions within 8 six-month period.
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Rolicy and Masasemens

Mediating Science-Intensive Policy Disputes

L. Susskind
An uulysu of current efforts to mediate science-intensive policy disputes such as
the siting of resource recovery plants, hazardous waste disposal, coastal zone
description, and ocean dumping. The objective is 10 evaluate the effectiveness of
mediation as 8 strategy for resolving such disputes. Recent demonstrations will be
evaluated.

Super fund Enforcement

L. Susskind
Analysis of Superfund negotiations at 25 sites throughout the United States with the
objective of identifying the barriers to megotiated settiements and suggesting to the
EPA alernative approaches to resolving technical and political disputes over
cleanup.

Environmental Mediotion

L. Susskind and L. Bacow
A broad prc,ram of research about techniques for mediating environmental disputes.
Case studies of nmegotiation techniques for environmental disputes are developed for
use in training workshops and professional education.

Negotiated Rule Making

L. Susskind and J. McMahon
Analysis of current federal efforts to experiment with mediated rule making. The
objective is to evaluate the advantages and disadvantages of mediated approaches to
the development of federal rules and regulations and to evaluate current EPA, FTC
and DOE demonstrations.

Expert Sysiems for Hazardous Waste Remedial Actions

D. H. Marks
Implementation of an expert system to help planners focus on the correct site
clean-up strategy for existing hazardous waste sites under th: Superfund program.

Environmental Impact Assessmens Review

L. Susskind and T. Hill
Each issue of this quarterly includes: brief summaries of new analytic techniques
and breakthroughs in environmental decision making; articles addressing some of
the urgent problems in the field; editorials; announcements of organization activities;
and book reviews. The Review is based in the Center for Technology, Policy and
Industrial Development.

- Policy Issues in Regulation of Toxic Subsiances
N. A. Ashford
Examination of 8 variety of strategic and policy issues in the testing and regulation
- of toxic substances, including the problems of small volume and new chemicals,
maintensnce of innovation, complex and variable chemical substances, and an early
warning system for future chemica) technology trends.

Societal Controls for Health and Safety Hazards: An Historical and Eshical Assessment
N.A. Ashford, W.C. Priest, and D. Hattis
Elucidation of the underlying values and ethical principles reflected in both current




Mutagenic Assay

W.G. Thilly, A.L. LaFleur, snd AG. Braun
A chemical and toxicological analysis of particulate and gas effluents from various
combustion systems. The toxicologic analysis is based on mutation of bacteria and
human cells. \

ot

Morphologic Evaluation of Effects of Respiratory Toxicants )
A.E. Rogers, M. Conner, and M.O. Amdur -

Exposure by inhalation to aerosolized amounts of metal oxides and sulfur dioxide

that may be generated in the air by burning coal induces physiological.

morphological, and biochemical abnormalities ia the respiratory tract of guinea pigs.

Sensitive methods to measure interstitial edema, inflammation, epithelial cell

permeadility, damage and turnover, and endothelial cell injury are used to

demonstrate and quantify the effects of single and repeated exposures.

Toxicology of Inorganic Coal Combustion Aerosols

M.O. Amdur, J.F. Elliott, A F. Sarofim, and J.F. McCarthy
A project examining the toxic effects of combustion aerosols alone and in
combinstion with sulfur dioxide (SO,). Methods include pulmonary function in
guinea pigs, studies of deposition, clearance, and biological uptake, and studies of
pulmonary pathology. Aerosols of both pure metal oxides and coal combustion are
characierized as to chemical composition, size, shape sad surface enrichment of
trace metals.




health, safety. and environmental legisiation, and in later administrative and judicial
actions implementing that legislation. The four major tasks are: description of the
background of historical forces underlying demands for increased control of health
and safety risks; development of a conceptual framework to define the goals of and
ethical principles underlying social hazard control systems; survey of the legislative

- history and subsequent implementation of hazard control laws; and assessment of
coherence of control principles within and between different programs.

Developmen: of Better Methods for Quaniitative Heai h Risk Assessment

Dsle Hattis
Research into (1) the use of pharmacokinetic models to improve carcinogenic risk
assessment; and (2) the effect of human interindividual variadbility on population risk
from toxic chemicals.

Interest Group Sirategies and the Regulation of Healih. Safety. and Environmenial Risks
D. Metlay
Interest groups are deeply involved in regulatory sgency proceedings with respect to
the control of health, safety and environmental risks. This research is designed to
show why some groups participste and others do not snd, for those who do
participate, how they choose and implement strategies designed to influence
regulatory choice.

Consumer Product Fears .

H. M. Sapolsky, S. Weiner, M. Segal, and L. Cummings
A study of the health and safety challenges to consumer products, focusing on the
dynamics of issue development and the sttempts 10 contain market effects.




Z RDOUS SUBSTANCES MANAGEMENT PROGRAM
ASS CHUS.ETTS INSTITUTE OF TECEHENOLOGY
Incineration conference.

‘."-
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tackles confrontatlon issues

the title of a conference held at the MIT
Faculty Club on June 13 and 14. 'l'tnenn—

ence organizers invited an squal number of
representatives from each of the key inter-

primary reason for attending was to gain &
better understanding of the positions of
other groups. Several psople indicated that,
highly politicized, parties lose the ability to
ses an adversary’s point of view. Others
noted that they would like to come to 8
common understanding of where incinera-
tion fits in to the waste management spec-
trum.

The conference began with a discussion
of a paper preparsed by the MIT Hazardous
Substance Program entitled “Analysis of
Advocacy Positions” in which the positiens
of the key groups active in the incinerstion
debate are identified. Points of disagree-
ment include the need for incineration, the
safety of incinerstors, the usefuiness of
risk assessment, the responsibility and ob-
ligauons of privats industry, and the ap-
propniate level of intervention of nonpro-
fessionais in decision-making.

FOR,. TECHNOLOGY.
M.I.T. CAMBRI

(-4

PO Y A
DGE. “ASSACHUSE

Conference facilitator Lawrence duss-
kind, Professor in the Deparumnent of Ur-
ban Studies and Planning, then asked par-
mnmmdmﬁrduhuvmh

process.

2.  Protocols for monitoring and en-
forcement. Standards should focus on total
emissions in all media (air, water. ahnsl-

nndnumhmalhdldpdhhmﬁm
land to air, or air to water.

4. Testing and certification of facil-

ity operators. The goal for testing and cer-
tification should be to achieve the desired
level of service and safety while enhancing
the credibility of the proposed facility’s op-
eration.
§. Conpection of incinerstion to other op-
tions The prblic will not accept incinera-
scoept incineration facilities until industry
and government commit themseslives to
waste reduction and recycling.

In the coming months conference orga-
nizers will work with participants to
flesh out speciic programs for sction in
these areas. The conference was part of

the onguing effort of the Hazardous Sub- -

stances Management Program to couple
new technology with new models that
shape the way we see the world and take
individual and eollective action.

Massachusetts Institute
of Technology

June 22, 1988
Volume 32 Number 37
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SOLAR DESALINATION

Alain Naurel

Csdarache Nuclear Reses-ch Cenier
France
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NTRODUCTION

Fresh water avsilability is vital for the socicecornoeic deveiogesntl of 5
regior. Mater 1s nol oniy incisgencitle to jife itself, but alsc sifecle i
ascects of developeent inczluding livestock breeding, <rox irrigetion 3
irdusirial developeent. In eanvy arid or sesiarid regions. waler is rare snd
the desand is incressIng in response tc & growing populaticn anc o a rising
standsre cf living.

[T T ]
e

Desalination oi seawatler or brachish wsler say provide & eoi
crucial probles in certain cases. Large scaie piants cageble ¢ fur
several hundred thousand cubic wmelers cf waler per dey are slreacy cpe
pricacily in the Middie Esst: Savd: Arabia, FKuwait, @atar, ARte Lhet:
tFigure 13.

Poet of these gplants uce distiiiation procecses, especieliy flash Ciedii-
iat:on (Takie 1), which are erercv-1ntens:ve snd reguire iarge aeousie oF fuel
0il or cas. For & large capacily plant operating &t a high Joec faztor, enzrgy
corsugption regresents &G to 50% of the totsl tost per cubic eeter ©f wee”
produced. With rising erergy prices, gady <couhlriez a&re now interestez :n
cerewable energy fores for cdesaiirst:orn.

Tris paper reviews the current sisiue of desalineticn by renemzlie enercy
scurces, and attespts {c detersire the redcone that currentiy iieit the infuz-
tri1al deveiopment ci such lechrnigues.

DIRECT_SOLAR_DISTILLATION

The use of sclar energcv %o €::2i1)i weter ie not @ recent :fee: (o Lhe o2
century B.U. Bre€i ssilors were clreedy vsing incenicus "Secwati€r si:lig”,

In 3¢06E J.E. delia Forta iliusirated the principle in his bzocy "De Lietii-
laticnibus®, The glaczed dicetillal:en ua:t (Figure 27 3is thue the s:grieer and
acst ancient desalinatior procesc. The weler vapor produced coriences 90° rg
glass panes, which are used atg 2 «old sSCurCE. Unforturately, tne goraducziice
cepacity of this seihoc Coes nct exceed &-0 l:lere per Oay PeE’ Sciare Reer ©

naler surface, ant vast glaced areaz gquicily becore necescary.

Recent un:tls cf this tvpe incluce a IEES e? distiilaticn plant at Fhwaria,
In¢ia, built in 1978 by the Certrax Salt and Marine Chemicals Researct Inst:-
tute, with a capacity of about S :*lday 1§, and a 600 &< facility cozcissicred
in June 1§79 on the island ofi Byotu-To in Japan, with a daiiy produclion caja-
city of about 2 o3,

The specific cost of a conventional glazed distillation wunit is difficult
to estimate, 2~ the price siy vary s:gnificantly depending o whether the
saterials usec i{glass or plastic) are 3eported cor manufacturad locallv, whelher
the work is done by costly Eurcpesr or relatively inexcernsive locs! labecr, ancd
whether the facility is built by a private cospany with a profit solive or bty a
nonprofit governsert agency. It is thus illusory to incdicale gprecise cost
es’.isales other than on a case by case basis,
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Rtcorcing to & recent estiezle, the cost of a glszed distilletion plant
ranges frgs FF 250 to FF 1000 per sguare seles, depending on lada: cosis 12i.
hssuming a 1S-year service lee. which is probabl\ Gptieistic., & spec:fic
outpet o©f 4 liters per e? per day (i.e. atoul 1.2 e~ /l")Ei‘ an¢ ar interest
rale of ICZ, the cost per cubic eeter of fresh water ranges froz FF 250 tc
Fr 1020, considering only the financing cosis. It is acsusec ¢{%at operstiior
ard ssinlenance will be ensured by gratuitous far:ly labor (Tabie 2:.

Contrary to a widespread teiief, th
gistillation wunil is high with recard
this prcress.

€ cost oif  des
tc the relstive:

Nusercues isproves versions of the ronventicna! eolar distsiletier unit
tave beer p-oposed:

* Inclined Cascade Type Solar Distillation Unit

Thie wun:it hae twe advanlaces: the waler 1lave- e very ttin, an? the
crientation of the coliector relative to the incicen! =olar radialicn serroves
rericrranieE. & up:t of this type (Figure 37 1is sold by the French coerany
EOLEFIL in Ferpignan.

- Spherical Solar Distillation Unit

Thice gesigr (Figure 4! wac ceveloped by Froieszso- Menguw et the U-iwersidy
€ ivon, é&nf cceprises & pleriglat sphere corteinimg & vesse!l f:ilel wilh sait
sete~. Kater vapcr concences oo the wupper heoniepnere and the concensets 3¢
coiiected &t the betloe cf the lower herischere.

* C.nillary File Snlar Distillation Unit

in th:e decign, deveioped by Preofeszzo- Legci’ &t the Thericel trcineeriang
Science iatoratory in KNancy with the ccoliateretseor cf Frofeess: Cilahes el (hs
troversity of Algiers. brackish water (lowz elow,y alcng a thsn f3>r3c Javer
thet Iinez the uoper face of the collecter. The wvacor conlerse: ¢or Lthes cci¢
wail lotalec immecialeiy below (Figure S:.

Thie unit shoulic produce i{ tec I3 iilere ¢f waler per scuét€ eeter per Ca
uncer insc.atior conditions provxdxng <.5-7 Y/a-idav wmillh & corvernticna. clar
distillation unit,.

Glazes <cistillers are the only truly “integratec” sclar d.ctillatiorn
systems, All the other techniques now beinc developed use renewadie erergy
sources with conventional desalination processes: distillaticn, feverse
osmosis or elecirodjalysis.

However, it is not sufficient {oc replace a convertional (fue! 01}, gés.
electricity) energy source by a renewabje energy scurce tc obttain a solar
desalination facility, Tuc essential characteristics of rerewable energies
sust be talen intc account: their high cost and intermitient availatilitly.




= The high cost of renewable energies is due in particular to the:r gene-
rally lox catchsent yielcs ant oftes hostile clisztic conditicne icaline sa:ine
air, tropical tesperatures, hurricanes, etc.). FKigh energy cost reguires Lhe
use cf very high-pecforsance desslination processes. Table 2 indicates the
orde: cf sagnitude oi energy consueplion {for various desalinaticn procestes.
As the actus)l eneccy consusplion is closely relatef tc the operating ceondi-
iions, notably the transfer gradient (reverse oseosis pressure, distillstion-
tespersture ciiference, electrocdialysic potentis?! ¢:fferencze), tuc values are
listed for each processes: the underlised value represents the current statle
cf Lhe art.

- Solar energy is a discontinuous source., no! cnly becsuse cof the reculas:
€ay/night cycie butl also becavse of less pred:ctatie climatic coné:licne. Sore
gesns eust be founc to acapt this intereitlent energy scurce ic cont:inuc
fresh wales groducticn: the high cost of desalinsiion planis eaiez it econos
icaily ndsspensible to operate thee on a 24 hour a day bacsis. Lisites sicre
capecity 1t reqguirec fo- the dsy/night cycle, whiie clisstic conditione recu::
grealer stcrace «caepscity to eaintain nosinal procduclion regarciese of ¢
weather.,

Sclar energy egpiied to desslination gay be scscherelically rezrecented  as
fcliows:
Ccier Incident Desalinatica Fresh
Collectore tRergy Urit Kater
Elerage Storaze

Tte prebles is thre tc oplimize Lhe svsier iros an eccnoric siencpoint.
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£t i:rst view the c:stillation procesces appesr sore suiteble for usze »itt
sciar erercy. K Cietillation pisnt reovises orife-ily therral energy tc hees
he seaweter (irer 100 o &C Mcaile+ of fresh weies cgepensirg or tne glient
efficiercy.. Morecver, thie Lhermsl ensrov muet be suppliec &t re.etively o

terperalures icereraliy beiow 120-130°0' ¢ avoid scaie protier:, escecially
wilh talcivn carzenate. Under these conlitione {he therzel energy recuirensnics
cf @ ¢distillatior fazility cer be ee!l by ilat soclar coilectore :f the clan:
cperates at low temperatures (6C-70°C) or by conceniration ccliectors 3§ the
unit operates at higher tesperatures (90-51C°C).

Either wultiflash or sultipie effect distillation processes say be used.
The sultiflash technique is the most widely used process in the world at the
present Lime, but is not the most suitable for use with solar energy. 6 high-
perforsance multiflash facility would require at least IC or 40 staces ieplving
very high sanufacturing costs, especially for suall sca.e unite. Substantial
energy is required to recirculate the seawater (4- S vWh/s°), and the process is
lacking in flexibility. Nevertheless, a 10 03163/ rultiflast un:t powered by
cylingrical-paratolic solar collectors has been installed ir Fuwait by the
Kuwait Institute for Scientific Research 111,

The eultiple effect process, on the other hand, has a nusber cf advantages
ant is belter suited to solar energy. It allows fle:itle operaticn, has bhigh
production efiiciency and {eatures low mechanical energy consumptior.
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Several protctype plants have been buill recently.

« PYIHOK (& French acronve for Indusirial Subsecged Horizontsi Tute Frote-
type) desicned and built by the Hea! Transier Service of <he 6brenctle WNuclear
Research Center 121, has been operating at the experisents! stslion in Toulcn
since 19€:. 1% isglesents a eultiple effect process with the folleoeing speci-
{fications:

- Dperating tesperature je
- Nusber cf effects _i2
- Production capacity 1 e /h
- Thersa! enercgv consurptics ¢C Hcallsf
- Mechanical energy consueplion 1 kkhig”

The relatively los operating tesperaiure (70°C: hes severa: adventages.
¢ilowing etandard flat solar coilectors te be used and lieiting stsie anc
cerresich rstless. In conjunction with an energy storace systes {e.g. hotl
weter) for continuvous operaticn, the production capacitv is atocvl 20 e-fday.
The specific producticr raling of thic type of svstes is on the order ef 3&-47
litersie<icayv, corpared with 3-S5 liters/e</day for & giazes dielillatior unit.

. Fei}cu:n; this exgerieents worh, @ SU nziday sprayed-tutz euitiple
effect plant wiil te built in 15B¢ in Bucdelcupe by the Freach cospanv Eatropie.

* Fimally, an 1E-effect thorizontal spreved tube d:istillaticr ¢n:it  wes
comriszicned in  hRbu Dhabi in I%BT ir cocperalicn with the Jzraness. Thie
S0 e-/cay pient is supplied wilh energy by 1682 £ of scier toilecte-e IS
PHOTOVOLTAIC ENERGY_AND_DESALINATION

The current high cost and ligites epediun-terw development ¢orocpects of
photovciteic enercy producl:on male it aprlicable oniy to cdesalinat

cesses w3l vEry low ernergy reguiresents such as reverse O5sRCIis O E.etircoi-
alysie, and only for brachieh waler.

*« Photovoltaic Energy and Electrocdialysis

tiectrodialysis consists in inducing salt sigration unce- the effect of ¢
¢irect current ilow. Existing plants are penerally supplied with reztiized &AL
power. FPhotovoltaic cells supply DC power directly, and thus aprear suitatle
for use wilh this type of desalination process. Horeover, flat sclar <collec-
tors could be used to preheat the prccess water to about 45°C, as thre perior-
earce of an electrodialysis syster is tesperature-deperdert, increasincg at the
rate of atocut 2-31 per degree Celsius.

An ezperimental wunit with a capacity of 1.25 e>/h (ror brachish water
(4 g/1) is now being tested at Borj-Cedria in Tunisia (Ficure 77,

* Photovoltaic Energy and Reverse Oseosis

Electric power is only necessary ir a2 reverse ossosis urit {c operate a
high pressure pump. As a result, major developments are Jibely in which this
process is coupled with photovoltaic energy. The power reqguirement is on tLhe
order of 1 to 3 kWh/e3 for braciish waler ard, assusing an ene-gy recovery
syster is provided, about 5-8 kWE/nS for seawater




& 3CE c3iday seawater desalination unit was coeeissioned in fpral 198! at
Jecdat by the Americer corspanies KEobyl-Tice and Kaler Services of Asmerica.
Powe: is supplied to this plant eoniv by photovellaic cells with & pead rating
of B kK 181,

& S0 sslday braclish waler desalination plant is schecduled to besin ozera-
tios in 19868 at El Heerawin, Egypt.

Fany isiands or coasial regions resa:n uncevelopec for I i an adeguate
irest water supply. These regiors are ofter sweg! ty ki inde, capabie cf
opetati1ng & cesalination unii using constantly renewed wind energy. Herg again
reverse cceosic seese Lo be the ecet suitlialtle process.

& nueber of experimental unile have beer tested in recent vears.

= Cn PFlanier 1Island. resr MNarseilie. a5 RERCWATY &ICT F°7 wind-driver
gereralor rated at & kW for & wind velctity of 7 s/sec has beer veced by the
Cacarache RKNuclear HResesrch Tenter to ocerele & reverse osecs:s seamater desaii-
neticn piant with icw enercy consusplicn, preducing atout S-& - ¢ irest  wale-
per cav iricure B: 171!,
* The Bercan cospeny EiES ha:z testez 2 IC £-/¢av reverse osessit unii of &
it Cea island, powered tv & three-tlade winl cgeneratcr genviactured by
igceser-Hotler, rates at WX fcor & wing weiczilv of € elsec.
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ir euch of Tunisia, especieily ir the South, ires™ waler constilutes &
probier cf ouantity (i.e. tclally wemevaijatie! o©r guelitv {heavily bdrachist
witer, descite & &ar10r coverrseni-spcnectel grograc of C€riiiing., waler supriv,
{ani transporte, etlc.).

Decaliration projecte were corsidere? anc several rpierle wueing conver-
tiocnel erergy sources {iuel cil ¢~ eleciricify} were Pulls incliuding & Cislil-
lation plants for industrial waler supdly in (ke Babés recior and & 4C5T &7/da.
reverse osedosis plant recently corsissioned on the island of Kerlennalh.

However, desalinatiorn has nol been isplemented on a wider scale for
various reasons, notably Lhe high cost of desalinated waler due in large part
to the cost of energy, arnd the lack of adeguate skilled labor and spare parts,.

Under these conditions <he Tunisian Ministry of Higher Education arnd
Scientific Research decided in 198( tc wundertake a research and deveiopsent
progras on desalination by renewable energy fores n collaboration w:ith
France. The project is sited at Bory;-Cedria, about 25 te scutt of Tunis: an

sperisental station was built and nox includes the following fatilities
(Figure 9i: several prototype glazec distillation wunits; a reversé posrosSis
seavwater desdliration unit capable of producing 0.25 #3 oi fresh water er
hour; and an eleclrodialysis unit with a production capacitly of atout 1.25 &?/h
fros brackish water with a sall content of 4 g/1.




The energy required to operate these sysiess is proviced froe a varjely of
sources: solar radiation {or the glaced cistillation wnits: & 1 kN wing
generators for the puceping stalicn and a3 & kR wind cgenerator f{or desslinatior

urposes (both ratings are effective for winc velocities of 7 sfsec or higher);
& & ki peal raled photovcltaic generstor; and $12C V storage batteries wilh &
SQ¢ Ak camacity.

The espericesntal slaticr was cificially irauguralted by Fresicernt Zourguilta
or Fay 2%, 1984,

{ the present tise it woule be unrealislic_ tc ceonsige~ bollding hicgh
tapecity decalination facil:ties le.g. 15 GOC e~/day: cperating cn scier o
w:nd erne~cy icr twe 2300 essons: Lhe invesisenl (osics are o2 high and  the
reiiadilily of such systesc hee nol been deccnsiretec.

Cn & sealier scale, hoxever, fresh weler profucticr froz braciish water or
ceawater cay be concidered using sclar anc/cr winc energy  (Figure 10!, 11 the
iresh waler reguirecent does nol exceed 2 few cubic selers per gey. direct
sgler ceselination in @ glaced distillatien wnit 312 ar  &tirgcliive sclotion
ecsecially when skillec Qator is wunavzilable. Seawaler couic be pusced inis
tte unit tv wine energy. The drawtacls cf thie sclution a-e the lerce surface
aT€a regui-€ed anc tte lachk cf 2 scale effect §fcr JarcEr umits.

Fo- ©righer frecsh w2ler neede (1G-ilT evigav? 3t iz creferatle tc courie
conventicona! lom-energv desziinalion creccessee with sci3r ©r winl Sowmer. it s
very C€:iffictult o estimste the cost of such systesz. however. &2 oniv ocrolctyce
Urils are row in operatior and the:r cperatlinc ccstz é7€ unimomrn., §n  ary  cese.
the coel per cubtic weter ¢f fresh water prodezed 17 irie Jow predecticr range
recains h:cl, an2 @ wajor cesearch efic-t evel be wncertzien 1~ crier tco
crevide & Good cuality water suppiv al ressorablie coszt tc the soruiatiore ©F
a-10 ant seriari? reg:ons.

CONCLUSIONE
Ecia- cdesalinaticn has received increasing srnte-est since 1575

- the FYTEDY project (suitiple effect dist:ilaticn with ilat sciar collectersi:

- the solar distillation unit at Abu Dhati (12¢ e3/¢ay with 1EE2 < of solar
tolliectors);

- the Bory-Cedria project in Tunisia;

- reverse 0se0sis units powered either by wind generators or photevecitaic ceils,

In each case, thess have been demcnstration cr research anc developrent
projects. Further developmert of these techriques will be »dcss:ble orniy whex
two obstacles are overcome: one is & technical grobles, the cither 15 eConoekic.

* Technical Problea

The desalinalion wunits sust be reliable despite extiresceiv severe operating
conditions: very high tesperatures (50°C in the shace), a cosclete absence of
technics) support, elc.




At first view this wouvld seec to be ar argucest i favor of sieple devices
such as scla- distiliaticn urits., However i1l mayv be expecied that eore coepie:
systees such ac sullipie-effect units coupled witk soia- ccllectors, or reverse
0SeGSis unils poxeres by wind generators or phkolocelis will reack acceptadble
relisbility irn Aike near future. Television sets 3ag refrigeralore are now ucel
with ne groctless i the sost resote recions, for exasple, bul thic degree of
reiladility was notl achieved overaight.

» Econoaic Probles

The invesisert c¢osts for solar desaliratics are currentiy toc high., Gives
the kic* -cst of resewadle erergy sources {inrvestieent cozle once againi, it is
indispenczitie te use thes wiih hich pericreance {i.€e. lom esergy-consuging
desslinalicn systes:z which are inevitatly scre espensive.

Ir gany casez, however, the proties is noct the absente of fresh weter Hut
a 1laci c¢f eoney, anf the high interest ratec in rezen! yvears dc nct ercourage
the cdevelozcent ¢of nex technigues.

Ir olxer wordsz, il e2y be poesible tc demonsirate that at the opresernt o1:
prices scisr desziiralicr :s capable ©f procuc:inc fresh wmaler &t & coscetitive
price over 3 1% gr Zl-year period. Uniortunalely, tre cecsloser can ast @ficrc
the invesisent.

It ca~ orlv be hoced thatl ongoinc researin with cicse cocperetion balween
the progucing counlries and the uwlilizing couniries w:ll be etie o scive tboik
grecblesz arc develor reliable solar desalinatiicn units &t accegtable cosl.
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Table 1: Installed Korlé Desalination Capacity as of 1/1/1984
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keverse * geawmztier 14¢ GoC 1.3
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Averace grodection: & liters/e?/dey, i.e. 1.2 m3/t2iyea-
Financing: IS yeare a3t 0% lanauity = 12.1%:
PRODUCTION INVESTHENT FRECH WLTES
CRFRIITY LEi7 CGE” ccsT £oeT
(GRER: {French Francs) (FFig-:
1 eS/day Distillers € FF 250/s¢ &2 500 27
) D:stiliers & FF  500/a2 125 500 S4
(250 &<} Distillers @ FF 1000/a2 256 500 10E
10 s3/cey Distillers & FF 250/&2 625 GOC 27
! Distillers € FF 5S00/m° 1 250 60C 1]
(2500 ©2) Distillers & FF 1000/a 2 5¢C 0O 108
50 8°/¢ay Distillers & FF 2so/¢§ 1 125 000 27
‘ Distillers @ FF S006/m° & 250 000 54
(12500 #2) Distillers # FF 1000/m2 12 506 000 108



Table 3:

10

Cosparative Energy Requiresents of Various Desalination Processes

Assueing ihe Prisary Eneragy Source 1s Fuel Oil
tunderlined vaiues represent current state of the art)

DESALINATION PROCESS Required energy Amount fuel kg/ad
1h/w3+kwn/p3 Sing. purp. Doub. Purp.

MULTIFLASE Ratio B 70 + 3 8,45 3,S
DISTILL. | MULTIFLASH Ratio 14 40 + 5 S,65 2,8

MULTIP. EFFECTS (7) 90 + 2 10,4 4

MULTIP. EFFECTS (12) S0 + 3 6,25 2,7
PROC. Steam compr(lLétlS'c v+ 16 4 ‘s

Steam compr(l) A=#3°C 0+ 32 4 4

RO seavater, no recov.

(60 bar) 0+ 12 2' 2
MEMBERANE | RO seavater + recov.

(60 bar) 0 «+ 8 2 2

RO brack, 2.5g/] water

(40 bar) 0« 3 0,75 0,75
PROC. ED seawvater 1.2 volt/cell 0 - 30 7,50 7,50

ED brack.2.5g/1 water

1.2 volt/cel)l 0+ 3 0,75 0,75
\ . —— —_— E—

(1) Single effect

RO Reverse osmosis

ED Electrodiaysis
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COUNTRY paily Production Y
in ®m

MIDDLE EAST S 700 000 61
USA 1200 000 B
AFRICA 600 000 6
EUROPE 450 000 5
CARIBBEAN 300000 3
HONG KONG 183 000 2
USSR 150 000 2
JAPAN 140 000 2
GREAT BRITAIN 61 000 1
MEX1CO 45000 1
SOUTE AMERICA 30000 1
AUSTRALIA 9 000 1
MISCELLANEOUS 532000 4
TOTAL 9400000 100

Ficu W3 ' i g i 3
1QUTE Wsrlcwide D:st::butxcn ci Desalinated Water Froduct:ior
x 1000 m~/day as of January 1%t4
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DESALINATION BY RENEWABLE ENERGIES

r

LOW PRODUCTION CAPACITY
(wp to 1 m¥/day)

Y

HIGHER PRODUCTION CAPACITY
(1-100 m¥/ dey)

!

\

WINDSWEPT SITE

SUNNY SITE

\

!

SEAWATER BRACKISH WATER
REVERSE MULT®LE- REVERSE OSMOSISIS
OSMOSIS EFFECT OR ELECTRODIALYSIS
SOLAR STRLL + + +
WIND SOLAR PHOTOCELL GENERATON
' GENERATOR COLLECTORS
Figure 10: Solar Desalinationg

Range ol Applicalions and Choice of Techniques
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INTRODUCTION

Water is tending to become a rare resource due to increasing consumption
and more widespread pollution. Are we going to have a water crisis or should
ve be less pessimistic and simply take stock of our available resources and
manage them? As the existing fresh water reserves are not limitless, even when
purified and recycled, wvhy mot attempt to extract fresh water from seawater,
which is in abundant supply? *"Drinking seawater” is not a new idea as the
Greek mariners were already well versed in the art of "boiling seawater” in
the third century BC. Even Aristotle explained this natural phenoaenon as
follows: vhen seavater evaporates, it is transforwed into freshwater and after
condensation it no longer has a salty taste.

Today over 10 million cubic meters of freshwater are produced from
seavater every day, as indicated in PIG. 1.

- F1G.1 = ACCUMULATED WORLD CAPACITY OF DESALINATION PLANTS
ON JANUARY 1 OF EACH YEAR.

Milltens of o per day

10 Accusulated werld
“_—! / Year capacity in »3/day _l

] ; 1962 200 000
! 1963 250 000
8 : 1964 300 000
i 1965 325 000
7 - 1966 370 000
! , ' 1907 $70 000
¢ —-; 19688 800 000
: 1960 915 000
s : : 1970 1 150 000
! ! 1971 1 210 000
4 : 1972 1 350 000
i f 1973 1 600 000
3 ; '-—1--1 1974 1 860 000
: /{ l 1978 2 100 000
2 : - 1976 2 $20 000
: / 1977 3 185 000
1= - 1978 4 680 000
! // 1979 $ 200 000
_—— 1980 ¢ 900 000
1940 80 60 70 0 1981 7 450 000
Year of order 1982 8 000 000
1983 8 700 000
1984 9 400 000

The aim of this report is to revievw the processes currently available and to
give an idea of their cost. It should, however, be stressed that it is very
difficult to analyze the cost with sufficient accuracy without treating each
case individuelly and taking into account the local conditions.




- a) Technical factors

- Salinity of the water being processed, i.e. seavater or brackish
wvater. The salinity of seawater can even vary from 35 g/1 in the Atlantic
Ocean to 55 g/1 in the Gulf of Arabia.

. Salinity of the processed water, i.e. drinking vater or very pure
vater for industrial usage. Even vhen producing drinking water by reverse
0s®OSis, one or two stages may be needed depending on customer requirements
for a salinity not exceeding 500 mg/l or a level between 600 and 700 ng/l.

. The physical properties of the vater, i.e. cloudiness, suspended
satter, vhich can, especially for reverse osmosis, entail very complex
preprocessing when the saewvater is highly polluted or, on the contrary., no
preprocessing wvhen the water is very pure, e.g. submarines.

- The chemical properties vhen the wvater being processed is brackish,
i.e. hardness, sulphate content.

- The workload, e.g. a facility designed to operate several weeks per
year can have a relatively low output with a lower initial investment.

- The extent of the automation and control. In a small plant,
installing equipment for measuring/recording the processed water pH,
tesperature and resistivity can “ead to a substantially higher investment.

. Energy source available.

. Capacity of plant.

b} Ecoromical factors

- Cost of energy, e.g. without cost on an offshore platform, quite low
in the Middle East but extremely high at isolated sites. In some cases, such
as the French Antilles or Arabia, the cost price can in no way be related to
the price paid by the customer.

. Cost of chemicals, i.e. whether manufactured locally or subject to
BoTre Oor less long-distance shipping. .

- Variations in exchange rates. This primarily affects the reverse
Osmosis modules, almost exclusively produced in the USA and for which accurate
Cost estimates cannot be given due tn the fluctuations in the exchange rate of
the dollar. ’

- Inflation existing in most countries in the West and in the Middle
East countries.

- Financing terms, i.e. interest rates.

. Cost of manpower.
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Even for individual cases, these costs are sometimes difficult to estimate. A
case in point is the LP steam in a dual purpose plant (vater ¢ electricity),
whose cost will depend on how the costs are divided out between the wvater and

electricity.

In this type of context, the cost figures given in this report are only
intended to give an order of magnitude for arbitrarily selected conditions,
wvhich allows the various processes to be compared.

As a large part of the market is located in the Gulf Region (Saudi Arabia,
Union of Arab Emirates, Quatar, Iran, etc.), our estimates, especially for
distillation, are valid for the Middle East context.

WORLDWIDE DISTRIBUTION OF DESALINATION PLANT PRODUCTION
IN M3/DAY (JANUARY 1984)

p&il{nP:educt jen %
MIDOLE EAST $ 700 o0 61
USA | 1200000 13
AFRICA 600 000 6
EUROPE 450 000 S
CARIBBEAN 300 000 3
HONG KONG 183 000 2
USSR 150 000 2
JAPAN 140 000 2
GREAT BRITAIN 61 000 1
MEXICO 45000 1
SOUTH AMERICA 30 000 1
AUSTRALIA 9 000 1
MISCELLANEOUS 532000 4
TOTAL 9400000 100

FIG. 2 - GEOGRAPHIC DISTRIBUTION OF DESALINATION PLANTS AS OF JAN 1,1984




1 = DESALINATION PROCESSES

An author has recently counted 27 different desalination processes but, in
fact, all the facilities in use are based on 2vo main methods, {.e.
evaporation processes and the more recent membrane separation processes. The
vorld desalination production capacity as of January 1984 is given in Table 1
for the varicus processes. It should not be forgotten thct the values for the
membrane sethods apply to brackish wvater, vhich has a salinity level
(generally 1-10 g/1) below that of seavater. The mean ocean salinity is close
to 35 g/l.

Type of process Daily production 3
in m3
Distillation Flash S 980 000 ~ 64
processes Miscellaneous 620 000 ~ 6
Total for distillation 6 600 000 ~70
Membrane Reverse } . Seawvater 140 000 1.5
processes osmosis . Brackish water 2 200 00O 23.5
Electrodialysis 460 000 S
Total for membrane 2 800 000 ~ 30
Overall total 9 400 000 100

TABLE 1 - WORLD DESALINATION PRODUCTION CAPACITY AS OF JAN 1,1984

1.1 - pistillation processes

1.1.1 - Single and multiple effect distillation

The first industrial freshwater distillation plants were introduced on’
ships at the same time as steam became available. Most of these were single
effect boilers with a buried core where the seawater was heated in a sealed
chamber by an array of tubes irmersed in the seawater and carrying steam. The
steam generated was concdensed on another tube array carrying cold seavater in
the upper part of the boiler (FIG. 3).




REFRIGERANT

Fresh water
STEAM !}extrlcted

HEATING FLUID

FIG. 3 - SINGLE EFFECT EVAPORATOR

This type of plant has a high pover consumption of about 600 thermies (600
X 4.2 X 10 6 Joules) and is cnly feasible if low cost energy is available, as
on ships where simplicity is of prime importance. It was therefore absolutely
necessary to improve the specific consumption of this type of evaporator and
this wvas achieved by using multiple effect distillation. The boiling
temperature is known to vary with pressure and the condensation heat of the
steam generated in the first chamber can thus be used to heat the heating
array in a second chamber at a lower temperature and pressure, and so on (FIG.

4).
Steanm
Steam from water Steam from wvater Steam from water
“ . ‘47 4} Condenser
—
e ——— — e | ‘::*::5‘75‘ L———O- .
| A 1
.
Distilled wvater -
Seawvater .
Y | 1
Condensate Brine : Distilled water

FIG. 4 - MULTIPLE EFFECT DISTILLATION




Only two of the several multiple effect evaporator variants will be
discussed below: vertical long tube evaporators and sprayed horizontal tube
sultiple effect evaporators.

1) The vertical tube evaporators (VTE), which were patented by the French
firm Kestner over 60 years ago, spray seavater from the top of multi-tube
arrays in a thin stream down externally heated exchange tubes. The bottom of
the unit collects the brine, which is fed to to the upper half of the second
unit, and the steam, which is used for heating the second effect. Although
this method has the advantage of producing high heat transfer coefficients, it
has not as yet succeeded in taking over the desalination market.

2) The horizontal tube multiple effect evaporators (HTME) are a more
recent development and only became industrially available about ten years ago.
They consist of horizontal tube arrays internally heated by steam and
externally spray-cooled by seavater(FIG. S5).

EJECTOR

A S——

\ / ' : J0°¢
‘-v—so—\'—\o—EF' K o —— ===
N/ - an /i 9 SEAWATER
1 L —
(]
t EFFECT \ ! 2nd EFFECT
' |
q_
' \ [
ﬁ"—* —i—-i:- )
L) ===
"
Fo—
DISINCRUSTANT -~
PRESHWATER
. BRINE REJECTS

—

PIG. S - HORIZONTAL SPRAYED TUBE TWO EFFECT EVAPORATOR
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1.1.2 - Successive expansion or flash processes

This process wvas mainly ceveloped from 1950 on vhen scaling probleas were
encountered on the exchange surfaces in buried core evaporators.

In distillation by successive expansion , the seawvater is kept pressurized
throughout the heating period, thereby reducing the liklihood of scaling. It
is then fed into a chasber at a pressure below the saturation pressure, which
instantaneously causes vaporization through expansion. Part of the wvater
evaporates, condenses out on the condendser tubes and is collected in
containers (FIG. 6). .

The first industrial plant using this process was huilt in Kowait in 1957.
Since then the use of the process has grown substantially, sainly in the Gulf
countries, and today it alone accounts for 65% of the installed desalination
capacity (Table 1).

=
Sepafator 7 r_Condenser i
R\ AVAVA I ' Seawater
Preheater na \-‘/\\/‘\-/-\— —
> = 1 vyl
Heating :> vt ’
.Y
steam E == ’Ez—- = = v _p Freshwater
— Flash ~<
L = ——-3- Brine

FIG. 6 - SUCCESSIVE EXPANSION OR FLASH DISTILLATION

Overall the multiple effect methods offer various advantages over the
flash process, i.e.:

. Very high operating flexibility with trouble-free production variations i
in a multiple effect facility running from 15 to 1008 of the rated capacity.
This i{s not economically viahle with the flash process.

. A much lower brine flowrate resulting in reduced enargy requirements fnr
pumping, i.e. 2-) mlh/-3 for multiple effect and 4-5 kﬂh/n3 for flash.

. laproved safety fron th; standpoint of the processed water salinity
since a perforated tube in a sultiple effect facility will only inject steam
into the seawvater,

However, for the moment the flash process is more widely used, ogpocilllv
since it has the advantage of higher unit yields, 2.g. over 30,000 »”/day.




1.1.3 = Compression of steam (FIG. 7)

In this method, the water being desalinated is boiled in a thermally
insulated chamber. The steam is compressed adiabatically, which increases its
saturation temperature, and then directed through a tube array where it
condenses and causes the seavater to boil.

The steam can be compressed by:

- Steam ejectors. Called thermal compression, this method is only used for
lov capacity facilities due to the poor efficiency of the ejectors.

- Or by axial or centrifugal compressors. This mechanical compression is
employed for capacities of several thousand m3 per day but it is as yet
limited by the technological probless inherent in the construction of large
compressors.

Nevertheless numerous facilities of this type are in operation throughout the
wvorld in ships, military bases, small islands, etc.

FIG. 7 - COMPRESSION OF STEAM

Compression of steam-

1Extracted air
—e) —

—— — .__' Seawvater to
< be distilled

¢ N -— - —— - :
Distilled — — = Mollier Diagram

wvater’

Brine c

Principle of operation




1.2 - Membrane processes

Instead of extracting freshwvater froa seavater by evaporation, selective
membranes may be used for separating the water from the dissolved salts. These
methods appear at first to be attractive as they should be able to operate at
ambient temperature and do not involve any phase changes. The two mesbrane
aethods commercially available are electrodialysis and reverse osmosis. These
processes were initially developed primarily for brackish water, vhich has a
lower salinity (i.e. generally 1-10 g/1) than that of seawvater. This type of
water is very cosmmon in North Africa, the Middle East and certain regions of
the USA.

1.2.2 - Electrodialysis

Electrodialysis, the oldest membrane process vith the first plant dating
from the 1960s, eliminates the salts dissolved in the bra._kish water by ion
aigration through selective membranes under the action of an electric field.

5 Drinking water
Brine e
+ 4 * T ?

C: Meshrane oCoAaCnAqCJ»A.CJAQ A _Mesbrane
permeable a a perveadle
te catfens] [— +u anfens

= ¢
+ + + +
Na » Na Na
4 T
Brackish i I B SR
water
ai—
ELECTRODIAL YSIS - +

FIG. 8 - Principle of desalination if salty vater by electrodialysis

Sulphonic polystyrene ion exchange membranes are used for the cation
exchange membranes and quaternary ammonium for the anion exchange membranes.
The membranes consist of 0.2-0.8 am thick sheets and have an operating life of
about 5 years.

The Soviet Union has been mainly reponsible for the developmient of this
process and operates numerous plants sainly in the dry southern regions. Since
1960 the American company Ionics has installed more than 1000 electrodialysis
plants with a total daily yield of approximately 460,000 n’, mainly in the
Middle East.




- 10 -

i.z.z = Reverse Osmosis (FIG. 9)

The principle of osmosis uses a recipient divided into two compartments:
one contains pure vater and the other salty water. A pressure difference is
gensrated across the membrane and the pure wvater will then diffuse into the
salty water. The resulting difference in ievei is a measure of the osmotic
pressure across the membrane.

If a pressure greater than the osmotic pressure is applied on top of the
salty water, the diffusion will occur in the opposite direction and pure wvater
will thus be extracted from the salty water. This is the principle used in
reverse OsSmosis.

The osmotic pressure is proportional to the dissolved salt content e 1.2,
approx. 0.7 bar per gram/liter of salinity, which means about 25 bar for
saevater. To obtain adequate flowrates, the applied pressure must be
congiderably higher than this theoretical value and for seawater a 60 bar
pressure is currently used.

FIG. 9 - PRINCIPLE OF REVERSE OSMOSIS

MEMBRANES

PRETS
| [ i
CONCENTRATED

souTion | |

Hg0
(]

CONCENTRATED}.
soLuTion f E
“— DILUTED SOLUTION —

OSMOSIS REVERSE QSMOSIS

The key element in this method is the permeable membrane, of whic two
types are in ooperational use: cellulose acetate and non-cellulose membranes.

a) Cellulose acetate membranes

The older cellulose acetate based membranes have excellent
semi-permeable properties that were revealed by Reid and Breton (University of
Florida) in 1959, Several years later at the University of California Loed and
Sourirajan

successfully produced asymmetric membranes with high permeabilicy.
Cellulose acetates are derived by acetylation using acetic anhydride and
sulphuric acid. Although these membranes have good selectivity and
permeabulity performance, they do feature certain drawbacks:

= Sensitivity to hydrolysis phenomena (the acetate functiors are
progressively replaced by OH groups), which entails operating at a pH between
S and 6. ‘
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= Sensitivity to compaction, which results in prugressive decrease in
the flov due to the pressure difference.

= Liable to deterioration due to bacteria and operation above 30-35 °C.

This explains the considerable past and current research programs for
wmore resistant materials.

b) Synthetic polywmer membranes

The first non-cellulose membranes marketed around 1970 by the American
company Dupont de Nemours were made of aromatic polyamide thinwall fibres with
a 40 micron ID and a 80 micron 0D. The chemical composition means the
wenbranes are very stable and can be employed in areas with pH = 1-11. The
sembranes are cosmercially available in modules: PERMASEP B9 for brackish
water processing and PERMASEP Bl0 for seawater desalination (FI7. 10).

Other membranes, such as amide polyether, urea polyethe: and
polybenzymidazolone, are also marketed.

FIG. 10 - THINWALL FIBRE MODULE °

SEAWATER
INLET
THINWALL

- FIBRES
" PURIFIED | %
WATER
OUTLET

1.3 - Water quality from the various processes

REJECTS
—~ OUTLET

1.3.1 -~ Water quality from distillation

The demineralized water produced by distillation is extremely pure (10-3C
mg/1l) and its salinity for domestic consumption is even too low (FIG. 11) and
must be increased by adding mineral salts to approximately 300 mg/l.
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FI1G. 11 - DESIRED SALIRITY AND CALCIUM CONTENT FOR DRINKING WATER
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Salts can be added by mixing the distilled water with brackish (when
available). This procedure:

. enhances the utility of the brackish water,

+ Teduces the desalination costs by increasing production.

1.3.2 - Water quality from membrane processes

. Electrodialysis

With electrodialysis it is difficult technically and economically cestly
to produce demineralized water with a salinity less than 300-400 mg/l.

This procedure is mainly suitable for domestic purposes.

. Reverse osmosis

With reverse osmosis the resulting water salinity primarily depends on the
membrane selectivity. For seawater, membranes with a selectivity of roughly
99% are used and water close to 400 ppm is obtained from 40 g/1 seawater. The
Bembrane selectivity for brackish water {s around 908, producing water with a
100-500 mg/1 salinity wvhen the brackish water salinity is between 1 and S g/1.
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2 - DESALINATION ENERGY REQUIREMENTS

2.1 - Minimum desalination energy

Energy is necessary for coanverting seavater into freshwater: thermal
energy for the distillation methods, electrical energy for electrodialysis and
solely mechanical energy for reverse osmosis. If these processes operated as

reversible processes, each of thea would require the same energy for
desalination.

For seawvater the minimum powver requirement is 0.7 kﬂh/-3 at a zero
conversion ratio where the conversion ratio is given by:

Amocunt of demineralized water
Conversion ratio =

Asount of water input into plant

F16.12 shows the variation of the minimum desalination energy requirements
with conversion ratio and the salinity of the wvater being processed.

I\

Minimum desalination energy.

Kwh/m3

i
!
|
-
|

N

v cam @mermamafrer o

i
—____05M(approx. 30000ppm) NaCl
1 H

1 1 / 1
0:1M(approx 6000ppmINaCl__ |
o : ; L —
0 25 50 75 100

Conversion ratio(s)
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2.2 - Energy required in practice

In practice the amount of energy required is much greater than the values
given above for two main reasons:
a) To operate a desalination facility in conditions of reversibility
would necessitate an infinite exchanges surface (heat or matter). Consequentiy
. an optisum economic tradeoff must be found between the capital and energy
costs, as indicated in FI1G. 13.

. b) In addition to the energy for the desalination process, energy is also
required for the ancillary equipment, i.e. pumps.
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F1G.13 - OPTIMIZATION OF A DESALINATION UNIT
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2.3 General case of flash process

A desalination plant based on the flash process has high operating energy

requirements that are distributed as follows:
a) wmainly for low pressure (2-3 bar) steam used to heat the seavater,

i.e. 0.08-0.15 tonnes of steam per a3 of vater produced depending on the
facility’s efficiency (FIG. 14). -

550
Qe —
R -

where Q is the amount of heat required in thermies/m?
and R is the efficiency of the facility.

The efficiency of a distillation unit is normally defined by the ratio

R where:
Amount of water produced .

R =
Amount of steam used

b) Electricity for the plant ancillaries, mainly the pumps of 4-5 kWwh per
m3 of freshwater produced. In the recirculation flash process the seawater
recirculation pump consumes a large part of this energy. Fcr instance, each
22,500 u3/day unit in the Kowait plant built by Gedes includes a 3600 kw
electric pump generator.

3

g

8

Energy consumption (thermies/m3)

8

0 [ 10 1< 20

Ratio of tonnes of water to tonnes of steam (at 130 °C)

FIG. 14 - DESALINATION BY DISTILLATION:
VARIATION OF ENERGY REQUIRED WITH EFPFICIENCY RATIO
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In certain cases, turbopumps operating vith medium pressure (0.020
tonne/al) steam can be used.

¢) Swmall amocunts of medium pressure stesm and steam ejectors are needed
for the partial vacuum in the desalination facility (2-3.10"3 tonnes/a3).

2.4 - Reverse osmosis

The energy requirements for reverse osmosis depend on the extraction
ratio, the operating pressure and the pump efficiency:

Ap
36,7 .Y . !)p

W =

vhere V. Energy consumption in kwh/am3
= Pressure in bar
= Conversion ratio
jp = Pump efficiency

Generally the brine circuit is expanded through a valve with the ensuing
losses in energy. However, the expansion of the high pressure fluid can be
made through a turbine. Let P’ be the module pressure loss and turb the
turbine efficiency, then the energy recovered W turb eguals:

. ) , 1
¥ turb * 36,7 (p -4p ”)turb‘\' - D

Hence the actual energy consumption is:

tL . : .
=W “turb'

The decision to use a turbine must be based on a comparison of the cost of
the annual payments due to the additional investment and the cost of the
enexrgy recovered. The characteristics of a turbine pump, developed by the firm
Guinard and recovering about 43% of the incident energy, are given in
figure 15.

Reverse
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1800 »3/day

Energy coensumptien
444 Kwatt - Meter
5.9 Xwh/ud

= 135.58

Integrated turbepusp
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300 @3/
7200 »3/day

LP requlating valve
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. Srine
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Turbine power 309 $400 o3/day
S et

Pump power 17

FIG. 15 - ENERGY RECOVERY WITH REVERSE NSMOSIS
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2.5 - Self-contained and duval-purpose facilities

The distillation processes using thermal energy (flash, VITE, RTME) employ
most of it at a relatively low level as technological factors, especially
scaling problems, limit the seawater temperature to 110-120 °C or below. It is
thus logical to use degraded heat and connect the distillation to an energy
generator (FIG. 16), provided the electricity and wvater needs are compatible.

The HP steam is initially fed through the turbine to generate electricity.
The expanded steam (generally at 2 bar and 120 °C) is then sent to the
distillation unit. Due to the price of oil, it is not feasible to build high
capacity single effect thermal distillation plants, vhich burn o0il to distill
seawvater. As far as we know the only high capacity plant (180,000 -3/day)
is at Hong Kong and it was scheduled before the enerqgy crisis. Currently
desalination plants ocutputting over 5000 -3/day approx. (1 MGD) sust be
associated with electric power stations, i.e. conventional (fuel oil,
gas,etc.) or nuclear.

A) SELF-CONTAINED OR SINGLE EFFECT WNIT

F . SEANATER
T o[ k-
GENERA <
OTHER FUELS FRESHWATER
] SAL INATION
— wiT
8) DUAL-ENERGY INIT
DGR X .. ELECTRICITY
( TURBINE | ALTERNATOR
LP STEAN
N 20 C 2 BARS SEAUATER
FUEL OIL STEAM s
R = | GOIERATOR DESAL INATION PFR[SHHAT[“
OTHER FUELS _NIT .

FIG. 16 SELF-CONTAINED AND DOUBLE EFFECT FACILITIES




2.6 -~ Order of sagnitude of energy cons mption for various desalination

Etocesses

The energy consumed by the different desalination processes is given as an
order of magnitude in Table 11l.

Two values of efficiency are shown correspbnding to the different capital
costs.

Since some processes need low level thermal energy and others electric
pover, we have taken fuel 0il as the primary energy for facilitating the
comparison and made the following assusptions:

- fuel oil at 10,000 Kcal/kg

- steam generator efficiency 5%

- electric genertor efficiency 908
This yields an overall efficiency of 2.5 thermies/x#h.

DESALINATION PROCESS Required energy Amount fuel kg/m3
1h/a3+kwh/m3 Sing. purp. Doub. Purp.
MULTIFLASH Ratio B 70 + 3 8,45 3.5
DISTILL. | MULTIFLASE Ratio 14 40 + -3 5,65 2,8
MULTIP. EFFECTS (7) 90 + 2 10,4 4
MULTIP. EFFECTS (12) 60 + 3 6,25 2,7
PROC. Steam compr(1l) Ac#5°C 0+ 16 4 4

Steam compr(l) Ar#3°cC 0+ i2 4 4

RO seawvater, no recov.

(60 bar) 0+ 12 3 3
MEMBRANE | RO seawvater + recov,

(60 bar) o+ 8 2 2

RO brack. 2.5q/1 water

(40 bar) 0+ 3 0,75 0,75
PROC. ED seavater 1.2 volt/cell 0+ 30 7,50 7,50

ED brack.2.5g/1 water

1.2 volt/cell 0 + k) i 0,75 0,75
(1) Single effect RO Reverss osmosis ED Zlectrodiaysis

Table II -~ COMPARISOM OF ENERGY CONSUMPTION FOR DIFPERENT DESALINATION PROCESSE
ASSUMING PRIMARY ENERGY SOURCE IS FUEL OIL

Underlined values represent the state of the art.
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3 - TECHNICAL PROLLEMS °

The main problems in desalinating seavater and brackish water are scaling,
corrosion and fouling of exchange surfaces.

3.1 - Scaligg .

Scaling is a deposit of mineral salts that tend to form on exchange
surface. Because of the jons in saline water(calcium, magnesium, bicarbonate,
suiphate) the deposits mainly consist of calcium carbonate (CaC03),
magnesium hydroxide (Mg(OH)3) and calcium sulphate (CaSO4). Scaling is
caused by a complex array of factors:

- Average concentrations too high. A conversion ratio of 90% thus implies
a concentration factor of 10 for the saline vater.

- Local over-concentrations near the transfer surfaces due to poor
hydrodynamic flow conditions (polarization phenomenon).

- Operating temperature above the solubility limit of the salts. As a
result salts may be deposited in distillation units above 60 °C according to
the reactions:

2HCO3 ———3 CO; + H0 + +CO3
03 + ca*t-— Cag0;

Scale buildup normally results in a decreased unit output or higher energy
consumption. To illustrate the problem, the production capacity of a
distillation unit can, in the vorst case, drop by over 40% in a 24 hour period.

Several methods for fighting against scaling are available:

- Injection of a fev ppm of scale preventing products in the water being
treated. For example the polyphoshates used in distillation adsorb on the

CaCO3 crystal nuclei formed and prevent thes from growing by physical action
alone.

. = decomposition of the bicarbonates by a strong acid (mostly sulphuric
acid) with formation of carbon dioxide.

- elimination of scaling elements (calcium, magnesium) upstream of the
desalination unit by ion exchange or prior precipitation.

3.2 Corrosion

The significant corrosive properties of seavater at high temperatures are -
caused by several factors:

- {ts chemical cosposition and especially the large number of chloride
ions,

= high conductivity, promoting subsequent galvanic action,

= corrosion resulting from dissolved oxygen,

- presence of bacterias on various marine orqanisms and of M8 in soms
pollution.
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¥oble materials such as aluminium bronze, stainless steels and
cupro~nickels must be used in all cases, the choice of material depending on
the tesperature, feed speeds, preprocessing adopted (i.e. acid or scale
preventers) and their cost.

3.3 - Fouling

Natural wvater (sea or brackish wvater)normally contains suspended organic
satter that tends to settle on and foul up exchange surfaces. This increases
the transfer resistance and reduces the production capacity of the facility.
This probles is especially important in the reverse osmosis, vhich can as a
first approximation be assumed to be a process filtering down to several
Angstroms. This is wvhy reverse osmosis plants require substantial
preprocessing of the vater, i.e.:

= coagulation and flocculation

- settling

prefiltering on sand bed or diatom filters
fine filtering through cartridges.

4 - COST OF DESALINATED WATER

We have estimated the costs of desalinated wvater for plants producing 100,
1000, 10000, and 100000 =3 per day. For the distillation plants standard
seavater (35 g/1) was taken as the water to be desalinated and for the
membrane type plants brackish water with a 2.5 g/1 salinity was assumed.

4.1 - Capital costs

~ The specific capital costs in French Francs per m3/day production can be
broken down into two parts:

a) cost of the factory alone
b) owner's expenses.

a) Cost of the factory alone

This charge includes the cost of the desalination plant constructed on
a serviced site with steam and electricity on hand, except for small
facilities when the steam gencrator is ir~luded.

Although the cost is a function ot the materials selected and level of
automation, it is above all strongly dependent on the efficiency chosen for
the plant. This means that though an B-effect unit will be twice as expensive
as a 4-effect unit, ic will only consume half the energy. It is thus clear
that the efficiency selected must be a tradeoff between the cost of energy and
its forecasted variation with time, when this can be estimated.

b} Owner's expenses

These investments include the following:
. initial investigations and engineer consulting fees,
. possible land purchasing and site preparation, i.e. civil enginnering works,
access zoads, fencing, etc.,
. sSeawater supply, i.e. pumping, large-size filtering, chloriding. It should
not be forgotten that the flash process requires approximately 10 =3 of
seavater to be pumped to produce 1 mJ of freshwater.
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. disposal of the brine rejects (the area must be located sufficiently far
awvay from the seavater tapping point,

. the piping and freshvater storage,

. detail part and tool stores and a set of spares,

. the startup of the plant and personnel training.

It is obvious that this part of the investment depends on the
individual case. It can be very lov for a plant located on an existing
industrial site, as with the 22,500 m3/day glant constructed by IHI at
Shuaiba (Kowait) in 1975 or with the 1500 a”/h unit built by SIT at the
Porto~-Torres petro—cheamical complex. On a site without any infrastructure,
these costs can, however, be high.

These owner costs have been estimated as overall sums of 5000, 3200,
2000 and 1250 Prench Francs per -3/day production for production capacities
of 100, 1000, 10000 and 100000 -3/day respectively.

As the membrane processes are smaller, we have used lover estimates.

4.2 - Financial charges

_ The financial charges, i.e. repayment and return on capital invested, were
calculated for determining the cost price per w3 of water produced with the
following assumptions: ’

PARAMETER DISTILLATION MEMBRANE
Depreciation period 20 years (1) 15 years
Interest rate 78 7%
Annuval installments 9.43% 10.9%
Annual workload 300/365 300/365

We have not included assurance premiums, land rates ana interim expenses.

4.3 - Cost of energy

In the last few years the cost of energy and especially the cost of oil
has varied very significantly (FIG. 17). .

However in today's context, energy is still relatively cheap in the Middle
East, the home of most of the desalibnation plants. The majority of these
countries possess large amounts of natural gas that cannot be exported due to
the lack of liquefaction plants.

(1) A depreciation period of 15 years has been assumed for the small steam
compressor units.
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PIG. 17 = VARIATION OF OIL PRICES DURING THE LAST FEW YEARS

Based on the above, we have used the following values:

LP steam 15 Prench Francs/tonne for small units
10 Prench Francs/tonne for large units

Electric powver | 0.20 Prench Francs/kwh for small units
. 0.15 French Francs/kwh for large units
- 4.4 - Control - Operation - Maintenance

This itea is one of the most difficult to evaluate as it can vary
substantially depending on the reliabilit, of the plant, its automation level
and the competence of the personnel.

‘ror example, the 36,000 m3/day plant at Porto-Torres needs only two
persons to run it: all the data (temperstures, pressures, steam available) is
lod to a cosputer which controls the plant process. However, some 1000
" /dpy piants require a staff of over 20.
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For the cost estimates of desalinated vater, we have based the annual
process control and maintenance costs on a percentage of the investment in a
similar sanner to the financial charges:

Capacity m3/day 100 1000 10,000 100, 000

Annual payment
% investment 10\l -1 6% 4%

The cost of replacing membranes in the meambrane units has been
incorporated in the overall process control and maintenance costs. In a well
designed and correctly run plant with suitable preprocessing, the service life
of electrodialysis or reverse osmosis membranes is between 3 and 5 years.

4.5 - Order of magnitude for desalinated wvater costs

Assuming relative favourable economic conditions, the cost price per m3
of desalinated water is at the best S5 F.F for seawater and 1.30 F.F for
brackish water (Tables 3 and 4 and Figure 18).

It should be stressed that the salinity of wvater from distillation is very
low (10-25 ppm) and, if Adrinking water is required, the demineralized water
produced by distillation can be mixed with brackish water. This results in a
cost reduction that is not insignificant.

The desalination costs from an investigation made by USAID in 1980 are
given in fiqures 19 and 20 for comparison.

‘. Cost of desalinated water
French Prancs/m3
18 +-- - v —- — - S o mm
16 | . s o B
16 §__. , U : : S,
12 | L L et e
Distinatlon P S A S
10 1 A/_l Seawater .- - :
8 1.
3 R
4 . 'vklil\br:ncs '
- /jnuckish wvater -

2T e  ——t .

—

FIG. 18 =~ VARIATION OF DESALINATION COSTS WITH PLANT SIZC'
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Production capacity (-3/day)

100

1000

10 0

100 000

Single - or doubhle - units

Single purpose

Double purpose

General Type of process STEAM MULTI-FLASH
COMPRESSION
characteristics  |Energy source ELECTRICITY HEAVY GASOIL
Specitic Price with EVAPORATOR INSTALLED 13 o000 9 000 8 000 5 500
investment Ownar's expenses 5 000 3 200 2 000 1 250
F¥ per m3/day
TOTAL 18 000 12 200 10 000 6 750
Thermodynamic output in - 8 8 ;]
tons water/tons steam
Thermsl energy required - 0,125 0,128 0,125
in tons steam/m3 '
Price of LP steam in FF/ton - 1% 10 10
Electric energy required in kwh/m3 20 4 4 4
mp-

- - Price of electric enerqy in FF/kwh 0,20 0,15 0,18 0,18
Depreciation period 15 20 20 20
Interest ratesa 7"

Annual payaents of financial charges as ¢ 10,9 9,43
LAnnnal payments of operating costs a:x 10 8 ] 4
rFinancial charges 6,54 3,83 3,14 2,12
. price of Thermal energy - 1,87 1,28 1,28
. .1inated
ter §in Electric energy 4 0,60 0,60 0,60
-,']
Control and maintenance 6 3,25 2,00 0,90
TOTAL 18,54 —575% —355 —T
ROUNDED OFF 16,6 9,6 7,0 4,9

-'z-
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tuECTRUDIALYSIS

Production capacity (w3/day) 102 103 104 105 102 103 104 103
Desalination unit 4 000 2 000 1 300 1 000 4 000 2 000 L 300 1 000
alone
* .-.riflc
~=t-nnt Preproceasing 1 100 800 600 400 800 500 300 200
Y]
Owner's expenses 1 200 600 500 400 1 200 600 500 400
TOTAL 6 300 3 400 2 400 1 800 6 000 3 100 2 100 1 600
(Electric power consumption kWh/m3 ¢ 3 - | & 3 )
Price of electric power FF/kWh 0,20 ¢ 0,20 > e ), 15 el
Membrane service life é—~—————— 3 to 5 years » ¢ 3 to S years >
«ptiong|Depreciation period e 15 years » ¢ 15 years »
Interest rates € N » & (A »
Annual payment of financial charges -~ 10,98 » & 10,9 >
(Annual operating payment as o 10 8 6 4 16 8 6 4
Financial charges 2,29 1,24 0,87 0,65 2,18 1,13 0,76 0,5%8
price .
water Electric energy 0,60 0,45 0,45 0,45 0,60 0,45 0,45% 0,45
" exclu-
of tax Control and maintenance 2,10 0,91 0,48 0,24 2,00 0,83 0,42 0,21
TOTAL 4,99 2,60 1,80 1,34 4,78 2,41 1,63 1,24
ROUNDED OFF 5 2,6 1,8 1,3 4,8 2,4 1,6 1,2

TABLE 4 REVERSE OSMOSIS AND ELECTRODIALYSIS DESALINATION COSTS

FOR 2.5 q/1 BRACKISH WATER

-QZ -
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S - UNCONVENTIONMAL DESALINATION PRCCESSES

$.1 - Solar desalination

After the 1973 oil crisis, the so called soft energies and in particular
solar energy came into fashion: however, solar desalination by distillation
was practised in the distant past (Pigure 21).

T RN GLASS
\ {10-20°)
N 3 STEAM
\ PRESHWATER
\ N
i
BLACK SURFACE| | SALINE WATER

FIG. 21 - PRINCIPLE OF GREENHOUSE DISTILLER

In 1870 an English engineer named Wilson, manager of a mine at Los Salinas
in Chile, was faced with the problem of watering 4900 mules that transported
nitrate minerals in convoys. As the only water available had a salinity of 140
9/1, i.e. roughly 4 times that of seavater, he Cecided to build a 4460 m2
wooden solar distiller for supplying 20 m3/day approx. of freshwater. The
conditions were, it is true, especially ideal in terms of the latitude of the
location, its altitude of 1400 m and the pure air. The plant remained in
production for over 40 years until 1908,

The capacity of this extremely simple process are, however, very limited
4s the yield cannot be over 4-5 liters of freshwater per day and per m2 of
bed. This means that the greenhouse surface area necessary mounts up very
Quickly.

Another technique is to use renewvable energies associsted with
conventional and highly efficient processes. Two inherent characteristics of
renswvable energies must, however, be alloved for, {.e. their high cost and
discontinuity.

Several demonstration projects have benn undertaken in recent years:

- The Pythca project involving multiple effect distillation using flat
solar panels, '

= Reverse ossosis units povered by wind generators or photoelectric cells,

- Experiment.al desalination station using renevable energies at
Borg-Cedria in Tunisia.
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S.2 - Freezing

Although industrial-scale desalination by freezing is not yet cosmercially
available, research work on the process is being actively pursued in both the
laboratory and pilot stations.

Freezing and ditillation are in a certain way similar desalination
processes in that the liquid saline phase is transformed into another
salt-free phase (gas or solid). Reversing the phase change will produce
desalinated water.

The freezing process attracts attention because of the low latent heat of
freezing compared to that of steam, i.e.:

. freezing = 80 cal/qg at 0 °C

. sSteam = 540 cal/g at 100 °C

As a result a single effect freezing operation forming pure ice crystals
consumes an amount of energy comparable to the multiple effect distillation.

In fact, it is a mistake to cospare the freezing and distillation process
energy consumptions since the 540 cal/g required for converting the water into
steam are recovered (except the losses) during condensation due to the latent
heat released, in the same way that the kilogram caloroes necessary for
freezing the wvater are recycled.

Furthermore, the heat requirements for evaporation (low energy calories)
generally cost less than the cooling necessary for freezing (mechanical
energy). When liquefied natural gas is available, this is especially
advantageous as the gas gives out kilogram calories as it vaporizes.

5.3 - Towing icebergs?

The idea of towing icebergs from the polar regions to far away countries
for use as a source of freshwater is creating widespread interest today. As
far back as 1890 and 1900 small icebergs were towed by ship all the way from
Laguna San Rafael in Chile to Valpariso or even Callao in Peru, a distance of
overt 3300 kilometers. Another example is when San Francisco was supplied with
ice - in the winter of 1953/54 the usual lake supply in Alaska gave out and
the ship had to load ice from the Buid Glacier, north of Petersburyg in
Penngylvania.

In charge of the desalination program for Saudi Arabia until 1977, Prince
Mohamed Al Faisal recently took this idea up again and asked for a study to be
made by a French cozmpany in collzboration with the well known explorer Paul
Bnile Victor for towing a 100 millior ton iceberg from the South Pole to
Djeddah in Saudi Arabia. This enormous block of ice would be towed by four
tugs and covered by a "skirt” msade of synthetic material for insulation based
en its melting down. Between 6 and 12 months would be necessary to cover the
distance of more than 7000 km. This study estimates the cost of a cubic meter
of freshwater, after "cutting up” on arrival, to be 2.50 FF or less than the
desalination cost by the flazsh distillation. Notwithstanding, there appear to
be many unresolved technical problems such as:

= The crumbling properties of iicebergs,

= The shallowness of the Rad Sea,

= The distribution of wvater on arrival.
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6 - CONCLUSIONS

Ve have attempted in this reviev to give a technical and economical
overview of the various desalination processes.

SALINITY OF DESALIN. PROCESS SALINITY OF
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FIG.22 - Choosing a desalination procv'ss as a function of process
water salinity and processel water salinity

1) For brackish water, the membrane proce. s offer today the best
economical advantages.

The very simple reverse osmosis process has won many markets but it does
have several drawbacks:

= the need to chemically flocculate and then fine filter surface brackish
water and soce borehole water in order to prevent fouling the modulas.

- random variations in membrane life.

= module design that mostly does not allow for cleaning, other than
chemical procedures, of accidentzal fouling caused by micro~organisms,
suspended matter or scaling.

[
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Electrodial, sis is as a rule the best process for lov salinity brackish
water as it does not feature any of the dravbacks of reverse osmosis. The
preprocessing is restricted to simple filtering, vater up to 50 °C can be
processed vith the ensuing savings in energy ccnsumption and its very simple
construction makes disassesbly and cleaning easy if fouling occurs.

A disadvantage, hovever, is that its energy consumption is virtually
proportional to the salinity of the water being processed.

2) Por seawvater there are two possibilities:

- Small capacity units producing not more than 1000 -3/day:

Tvo process are in competion: distillation (compression of steam, multiple
effect) and reverse osmosis. The—first process has the advantage that it has
been tested more than the second, vhereas the second (reverse csmosis) has a
lower enrgy consumption but is penalized by the need for physical/chemical
preprocessing.

. Large capacity units producing 5600 -3/day or more:

In this case the distillation processes - the flash type today but
undoubtedly the multiple effect units in a few years time. We beleive that
these processes, which can run on degraded heat (LP steam) from an electric
pover station (dual purpose plants) are the most promising.






