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The job description outlined by UNIDO is as follows : 

POST TITLE 

DURATION : 

DATE REQUIRED : 

DUTY STATION : 

DP/XRD/83/008/11-02 

Expert in Industrial wastewater 
treataent 

1 month 

November 1988 

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

PURPOSE OF PROJECT 

DUTIES 

To hold an international conference on 
environmental impact analysis for 
developing countries sponsored jy the 
Pollution control Research Institute 
Bharat Heavy Electricals Limited, 
Hardwar , India. 

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 aaintenance 
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. 



a) 

b) 

3 -

4 -
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Head, Pollution control Research Institute, 
B.H.E.?' .• Ranipur. Hardwar - 249403, U.P India 

R.O WilliallS, Industrial Development Officer, 
Cheaical, Vienna, Austria. 

The EIA conference will be held in New Delhi 
28 Noveaber to 2 Decellber 1988. In addition 
to presenting a paper, the expert will 
participate in discussions covering 
environaental i•pact assessment in general. 

The balance of time for the •ission 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 
requireaents should be included with the 
papers as submitted per paragraph 2 above. 

QUALIFICATIONS : 

LANGUAGE 

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

EtlGLISH 

BACKGROUND INFORMATION : 

lndia 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 Minis~er in 1980. 

On the recoaunandations 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~h Five Year Plan (1980- 1985), the 
Governaent of India stress~ the need for an 
integrated approach to find out and 
iapleaent aethods of alleviating existing 
environaental probleas and to build 
capability for preventing those that could 
arise in future. To aeet these objectives a 
provision of R400 ail was aade available in 
the 6~h Plan. The approach paper por the 7~h 
Plan (1985 - 1990) lays still greater 
eaphasis on the research efforts in the 
pollution control area and a substantial 
inr,rease in the financial allocations for 
research is envisaged 
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The state owned BHARAT Heavy Electrical 
Liaited (BHEL) is already the largest 
producer of air quality control equipment 
such as cyclone seperators and electro-static 
precipitators. B.H.E.L has aade 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 following 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 - ASSIGRllER'l' SCllEDULB 

1 - HOME BASE 

August and September 1988 

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

October 1988 

2 weeks - Collpletion of laboratory investigations and 
preparation of paper to be presented at the International 
conference on Environaental Iapact 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 1988 

Arrival Oelhi 

Sunday 27 November 1988 

Preparatory work for Conference 

Monday 28 November 1988 

Attendance International Conference, Delhi 

Tuesday 2S 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 1!!§ 

At.tendanc~ Intexnaticnal Conference 
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Saturday 3 December 1988 

Left Delhi 
Arrival Hardwar saae day 

Sunday 4 December 1988 

Meeting with Cl'A and other OHIDO 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 fundaaentals 
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 December 1988 

Left Delhi 
Arrival Paris 
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3 - 'J'OPICS 

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

- Work related to design, and experiaental 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 
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4 - SPECIAL MEETINGS 

Monday 5/12/1988 

Meeting with l".r R. MAHESHWARI 
Mr P.K JAIN 
Mr A.It MANUWAL 

Tuesday 6/12/1988 

Meeting with Mr R. MAHESHWARI 
Mr B.K BEHERA 
Mr P.K JAIN 
Mr A.It MANUWAL 
Mr S.PAL 
Mr V.KUMAR 

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

Wednesday 7/12/198~ 

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

Thursday 8/12/1988 

Meeting with Mr R. MAHESWARI 
Mr A.It MANUWAL 
Mr P.K JAIN 
Mr P.K BEHERA 
Mr V.KUMAR 
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5 - RECOIMBHDATIORS 

VISIT OF INDUSTRIAL PLANTS 

It is not possible to study seriously any scheme of 
industrial wastewater treatment unless the following steps 
are first accomplished : 
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Thorough knowledge of the basic principles of physical 
and chemical phenomena 

Full understanding of the aanuf acturing 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 plant= 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 

3 -

Unit Operations for the treatment of hazardous 
Industrial Wastes 
NDC Park Ridge, N.J, USA 

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

I 
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LABORA'roRY EQUIPMENTS 

We reiterate the need for the following jteas : 

1 - llicrcmanipulator 

LEITZ 
Estimated at DM 32.000 

2 - X Ray F.luorescence .Ana.lyser 

LAB - X 2000 
OXFORD Analytical Instruments 
20 Nuf field Way 
Abingdon 
Oxon Ox 14 ITX 
ENGLAND 
TLX 83621 

3 - 'l'DS .Ana.lyser 

Model L 87123 
0 - 5 000 ppm 

Price = 1378 French Francs 

Bio Block 
B.C 111 
6 403 ILLKJ.RCH Cedex 
Tel : 88.66.40 
FRANCE 

4 - Rew Elf;ktra B.O.D Incubator 

Portable B.O.D Incubator 
S.A Associates 
House of Industrial Testing Instruments 
7/17 ROOP RAGAR, DELHI - 110007 
Phones : 2917929, 29113605 
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6 - AMNEXURES 

Hazardous substances management program 
H.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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arr also nttded to deal with huF 
amounts of existing contaminat~ soil 
and waste materials. Fundamrntal rr· 
1Hnh into combustion procrssn arr 
hrlping betttt understand thr wa,s in 
which toxic materials arr crratm by in· 
complrte burning. Rararchrn bd~ 
that new ways to bum matnial more 
etlicirndy will resulL Wort in thr policy 
area will examinr thr risb and tndroffs 
involved in such niew conuol technology. 
Thr ovrrall goal is to crrate reliable and 
etlicir.nt systems which mttt socirral dr
mands for destruction trchniques. 

FIR ud 'liamport 
In o:oodem limn. consickrablr quantitin 
..,f haze rdous matrrials honT been in1ro
duc~ into our rnvironmrnt. Somr toxic 
materials arr un;noidabl~ introduc~ 
~ now. such as so. and NO, psn 
from combustion operations. although 
efforu arr undrr way to Rducr them. 
The Department of CMI Enginttring 
has chosen to focus on groundwater re
search, explains Profnsor David Marks. 
brad of this ponion of thr Initiative Cr it· 
ical resrarch areas includr undrrstand
ing movement of wa1a through porous 
aquifers. sorption characteristics and ki· 
netics of contaminants in soil and water, 
and transformations-from microbial 
action, for example- that occur to con· 
taminants during sorption and transpon 
procnsn. 

Work imnha undenwading the 
chemisuy of soil and thr Duid mechanics 
of ~t within it. as ~II as new in· 
strumentation. monitoring. and model· 
ing lft'.bnology to obserw and predict 
future palhwayl of conwninanu. Wort 
in thr Departmrnt of Mrchanical En· 
gin..."tting is focused on 11Udying thr way 
gas plumes from smolatacks at power 
planu arr disprrsed ewer thr downwind 
terrain, in an effon to better pRdict the 
transpon of acidic psrs. 

A key OYerall goal of the 
Initiative is to work OD both 

theory and practice by 
bringing toptber reseaJ'Chers 
from aadenaia, gowmment, 

and industry. 

Health FJfeaa 
This area. unique 10 thr MIT effort. is 
headed up by Professor William Thilly. 
Director of the Cana for Environmental 
Health Sciences. According to Thilly, the 
cri1ical question debased in much recent 
litigation has been whelher or DOI chemi
cals released or dumped into the en
vironment ~ntually made their way to 
households or the workplace. throeabh 
the water or air supply for example. and 

,,,,_; 0.-. w....,, 

Al ,,,,1 of IM '1forl lo~ nd eoratrol IM "'°"""""'ti/A•.....,......._. Pl IM.,.. 
Pi"°""""" Pro{aMW f).,,;d M•,.lu ,,.,.,,,., llwlw1 °" lttlfl1 IMM ..,,,.,.,, __, ,,.,.,,,,. 

"'""' .;,.. """ ""*"· 

Blllrliflf...., .... -I ... ._ - for 
.-,a., fwl ,...,..,,._, l\cfew All1tl 

Senf-~ -- -a lw ii ..... 
-.,;_,foe-• trdiaohpsfor-... 
·~· ........... _..,, --.., ,,.... .............. ... ...... 
caused cancer or othe1 health problems 
in thr plaintiffs' families. Wort in the 
health effects area will auempt to provide 
a scientificall~· defensible rationale for 
adjudicating such cases. The issun to hr 
s1udi~ include: 

• Determination of wha1 chemicals ac
tually exist in complex mi:1num or poten
tiallv hazardous subscancn and which 
are biologically undesirable 

• ~lopment of methods to measure 
the amounu and 1ypes of chemicals 
which can enter the human 1ystem and 
their movement within the 1ystcm. 

• Study of ICChniqun to identify and 
catalog 1mall amounas of unknowr. 
chemicals in human 1ystems. 

• ln~tigation into exactly what hap· 
pens on a pnetic level to cells and DNA 
when such CXpe>IUre occun. MIT 
rncarchcn have been M>rting. for exam
ple. on a wchniquc to ntablish a genetic 
•fingerprina" which marks an individual's 
exposure to specific matcrial1. This infor· 
mation 1 i• critical to risk Ulellmena and 
public 'policy making. ancJ for scuing 
limiu for worker and ciliren npe>1Urc. 
The work will provide da&a on exactly 



..... laappem. - pMtic ........ of 
ce111.-...,.....,.......,~. 
__ .... Dea. .... ~ .. , ;,:. 

nil .... will CMllap ...... Olher 
molleldldaia•-ri ... .... 
......... 0. •• ..-......... . 
wt1w1caaapnhc.-.m.nanfDr 
...U.S Atias wl «Der awil n r....S 
Miliom. De leallldpl will~.,.. 
,.. liability nfonm; melt Gimp ii ft
tpaiml. emuft ........ daD-up of 
ailliDg lita ..... ., pnlmt - ...... 
of IM pall again. Tbinl. rrnatchen will 
~ fnmeworb which elK'OUnF 
panicipanu iawohed ia earinlemaatal 
dispura • joindyraalda r.cuandd.lta 
~ ID rnch compromit Profes. 
sew l.awRfltt Suukind of the Dqtan· 
meat oflirban Sauda and Planni• an 
expert on negotiation and kadcr of this 
dforL explains t!aat such • structure "ill 
lay IM ground•'Ork for nqotiation. com· 
promise. and progress in a ~-aritt~-of con
trcwenial issues. 

TM wod will encompass not only IT· 

snrch into negotiation. but also .. ..,d. on 
siting activities which •ill imoltt w 
MIT~naer for Kral Esiaae ~lopmma. 
and liabiliay and ion iuun. which will in
corporaae worl done in w Sloan School 
of ManagnMnt. The ~naer for Technol
or-. Poli~. and Industrial ~lopmna 
..-ill also contribuae to better undensand· 
ing of ~ ao implanena rnearch 
findinp in real setlinp. This effon is 
coordinaaed by Profasor Daniel Roos. 
Director of the ~aer. 

A~ owerall goal of the lnitia&M is ao 
....t on boch theory and pracUce by 
bringing IOpther raardlen from 
academia. pernmm&. and industry. le· 
tcareh will not only auanp1 to dewelop 
MW knowledF- but also lftk to apply it 
in ml CaH5 IO study. The Rftring COID· 

miuee of lhe Hazanlout Subslanas 
Group. composed of the lw faculay mcn
lioncd abcM, is looki .. 10 indullrial 
panncn for advice. data. and direction 
on fulUR acUvitia. 

In addition 10 march. a larp portion 
of the lnitiaaift will roa.. on edualion. 
A recent indcpendmt IUnty of 61 
eelecled uniwnitin rewealed thaa the 
academic community ii ill prepared IO 

deal with the problems of lwardou1 
wa11e manapmen&. 1howin1 1 pnenl 
lack of brcaclth, limitetl coune offmnp. 
and inadequa&el~· tnined facuhy. To help 

COlftCl ..._MIT edualon ~ *wlop
.. ........ lftel iMmlilcipliaary 
<Oft aarriaahma ... will allow~ 
•dtllO • fDcm en nwilOIWltilW ud 
.......... Tlaisetlft ........ QDl!w 
..,,1m1ewd wida ..._. cauna 
,._ • ..-.,or •pmw ne idea 
ii •a..-......... polky .... ...... 
~ ..... well ....... .. 
peel. ..,flmanloua .......... .......... 

la ..... IUD. ........... mm-

poaent of - lnilialift ..., ~ -
pea1ft1 ...... By aaining ... IS ID 

ncopiR IM ....-r implicabom of 

,,,..0-..~ 

,.,, :Ji= ...... JTlilJ. ...... 9.-a 
•*AMlri4f6m9 ............ ... 
• ......, •• ..., .. , •• ipr,... ... •a:iw 

.. • itfK' 't •••...,.. • ~ 

.... •I 

....ting with hazardous 111bsancn. and 
by providing them with the opponunil) 
ao focus their napes on dlit crilial 
field. the poundtfOlt. can he laid for the 
solution of many of our socicly'I ailtins 
problana. A sound education in hmnl
out 111btlances can also prepare llUdnu 
IO Mtidpale haaanll that may arise from 
MW producta and proceua. and IO deal 
wilh lhclD beloft they become I 

problem. 

,,,, ..,, .. ,,,..,.,,. ... 1111 ..., m11m•. 
tirrll ........ ,, .... IWlitMou .,., 
utrd. 
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I Feature I 
The Hamrdous Substances Initiative: 
Working to Create a Safer Tomorrow 
A dwanca m leChnolop esperiaDJ m 

.l"'l.d.c ... 100 yan. ~ IDUChed 

...... eway facet of~ lmprvlied 
pat CODUOl and ocher" fuming metbods. 
(or e:ampk ~ Rt KW llalldards far 
agriaalaanl ptuductftity. Modena~ 
9lall and lledaniqua ~ made hal. 
................ radilyawaibble iaeway 
*'eloped munuy in world. N~ ctanu
als and c:haaical l«hniqua ~made 
Im~ ~im• in~ of wa,s: 
~ medidnn. new kinds of doming. 
lftOft etlicien1 household daning agmu. 
fftlhtt foods. and wcnatik new mum
• Snaiconcluclon. and lhe proclucu 
Ibey mah possible. ~ RW>lulionizing 
lhe flow of infonna1ion. And biolech· 
nolgy holds me pocntial or funhtt 
adftnca in fielcb as divnw as pharma
cnalicab.. agriculture and enagy. 

But lllOll or lhesc ach"UCa haw 
brough1 new risb as well. Mall! pnti· 
cida, for aample. aR harmful IO bcnc· 
ficial insecu and ocher animalL and 
cwemuall~ find their '""3Y inlO drinking 
wara. Coal and oil combullion. enential 
IO a wick wariny or indullrial processes. 
can pollu~ me air. Some addiana mat 
mhance lhe lmlor or shelf-life or foods 
haw been dnermiMd IO be carcino
gmic. And chnnical nd semiconduCIOr 
production procnses imolft hazardous 
gases. liquidL or solicb which mull be 
containa propmy during use and Ihm 
SIOftd or dispowd or safdy. 

The cosr of dnling effmiwly wilh 
thew 1Ubslanca, and lhe problems -, 
can cause. is Magerlns.Jusl lall ynr, US. 
inclusrry alone spm1 an ntimaaed S46 

' billion on pollu1ion con1rol. Govcm· 
man. indusrry. and aaxpayen •pent 
billions more on cleweloping and im· 

• plementin1 laws and replationa. lobby· 
ins. liliption. and public awarmaa 
campaipL Yet unlns sociay can dniK 
crntiw ways to addRH lhe cmnpl~ 
problmlt Of hazardous IUbslanca, ~ 
wry quality or life 1ha1 hu bnn mack 
ponible by •hnoloSic•I advance will h. 
th re awned. 

Sow, wi1h 1he IUppt'n and ac1i'"e par, 
1icip11ion or indusrry a1•d pernmen&, 

MIT has embarhd on a augor new R· 

aarch and educational iaitiatM IO ad· 
dRSI * aational problem of hazardous 
subslancu. This effort iso. ofMITs top 
priorities IOr * DCXt decade As a mJec. 
lion of* uuwdinary camplexity or * problem. dae program will draw on 
apens from Mfrs cma and Chemical 

Enginttri.. l>qtartmmtL - Energ)-
1.aborato~ lhe Dcpanmmt of Applied 
Biological Scicnas.. me Dq>arunent or 
a.emuuy. the Depanment of Urban 
Saudia and Planning. the Center for En· 
rironmental Hmm Scimces, me Center 

Hazardous materials can exist 
u gases, liquids, or solids; the 
specific nature and degree of 
the threat they can pose to 

health and the environment 
can qry broadly; and they 

~everywhere. 

for Technolop. Policy. and Industrial De· 
•.iclopmenr. and the Sloan School of 
Managemen1. 

One or me main goals or the MW pro
gram is to inaegraw •he nperrise or these 
disciplines in order to build a ra1ional 
framework for dealing wilh this pervasiw 
problem. Working clowly wi1h industry. 
the MIT wam hopes nor only to make 
rechnological brnlthroughs, bur also IO 

come up with drectift manaacmrnt and 
policy SIJ'accgia for implementing them. 
By 11rmphenin1 and focusing iu under· 
paduaw and paduare educa1ional pro
pu11 in mis area. MIT will also I . to 
pnwidc 11udmu wi1h the proper .. , abi· 
nation or skills and insipU nndcd 10 

dewlop and implcmen1 further •hno· 
tosicaJ advances ufely and ctlicienlly. 

Dewloping effectiw schema for 
managing hazardous tubs&ancn is par· 
1icularly pr!>blematic because these ma· 
aerials can cxis1 as psn. liquids. or solids; 
the specific nature and clqree of the 
1hrH1 1hev can poae 10 health and the en· 

vironmau can wary broadl}-; and~ aR 
e'ftrywhae. As a resulL progress in the 
&dd has been slow.. 

or.m. me danFn pmed by using 
these malerials ~DOI nident for a long 
time. It tool rears befuR me side effects 
of 1Uch substances as DDT. Agnt Or.an~ 
and PClh ~ ~ Recent 
studies haw shown lhaa nen ordinary 
used IDOlor oil may be carci ... nic. Jn 
fact. a wide wariety of rndily available 
household proclucu ~ dangaouL and 
should be handkd-and disposed or
wilh care. 

The problem is further complicaaed by 
the fact lhai the specific effects or Cll· 

posutt to chemicals att no1 clearly un
derstood, and the leehnology and 
science of dc1ennining the long·1ttm ef. 
rec:u on IMng lhinp or exposuR IO ~'llri· 

ous 1Ubscances is inexact at !>at. The 
raulting con1~ia and lepl ba1da 
haw snwd to cloud the basic issua at 
hand. 

Finally. most existing methods for 
addressing the broad concerns about 
hazardous subs1ances hll\-c nvl~ piece· 
meal in R1ponse to nch problem as it 
has OaRd up. The reKarch. regulations, 
and legislation daal has followed the dis· 
coway or nch problem has raRly hem 
integraled and coordinated effectiwly. 

Organizers of the MIT lnitiariw be· 
liew lhat an interdisciplinary approach 
is nsen1ial IO progras in dealing with 
hazardou1 mawrials because of the vari· 
el)' or dimensions found in any panicu· 
lar problem. A company tfOrricd abou1 
coal combu11ion must. f( example, con· 
sidn lhe economics or altemalift fuels, 
lhe •hnicaJ pos1ibili1ia for limi1ing the 
RlcaK or harmful pscs and panicula1a, 
the way combustion producu released to 
the atmosphere arc ditpened. the health 
drecu or me pollutanu. and the polilical 
and replatory mvironmen1. 

uaclns or me lnitiali\"C also believe 
.ha1 an in11i1u•ion such as MIT can offer 
a •neu1ral ground" ror addressing lhe 
more sen1iliw and con1rcw~nial issue1 
1Unou"din1 hazardous 1Ubs1ances. Re« 
ommenda1ions and research retulu may 



achiew pain cmlibility ..... ~ 
c...- from an inckpmdnlt thmt pan~ 

In onltt to hdp kttp am raeardl and 
educational aspeas or * initiam~ 
rde\'ant to * mem of ~ MIT 
rnarchns aft ~ lftling * aid 
and Dic~of ~ and~L 
A wariay of collaboruiw and ~ 
spKific rnnrdt programs will hr Rt up 
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Why 

The management of c:hemicals in the en\ironment, broadly constnacd to include products 
with beneficial uses and pollutants arisin& from a variety of sources, is a problem that 
pervades the national economy and political aacnda. It bas persisted as a high priority issue 
m every broadly based public opinion survey over the last decide or more. Billions are 
being spent to clean up old wastes and to manage current outputs. Federal resulatory 
activities run at a fraizy. Government and private research probe the causes and solutions 
to the problems at a variety of different institulions. 

Even with all dais cff on there has been liule pogress in RCent years. The currents are 
ruMing the wrong way, and as a nation we are locked into a aridlock of conflicts. We 
cannot agree on priorities at the national policy level. We cann?t 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 needr.d 

Pro1ram Concept and MIT's Role 

MIT, with suppon and cooperation of industry and government. has made a major 
commitment to help 50lvc lhe complex problems of chemicals in the environment through 
our comprehensive research and education Program 011 Hazardous Substances 
Manogemenr. The basic shape of che program. as described below, reflects the co:nplex 
and demanding set of problems that must be addressed. It follows a new approach, 
predicated on lhe unique resources and reputation of MIT. 

New Paradigms 

The stalemate that accompanies bolh debate and action around chis complex set of 
problems continues. While more re50urces are needed, simply working harder is not 
enough. We believe chat the apa>roaches and techniques needed to solve this set of 
problems must br different, not merely betaer. That is, we need new paradigms-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 Unbd to Policy 

We have seen that the creation of better and better tcchnolo&Y is not the same as 
securing the social acceptability of the application of chat technology to solve a particular 
problem.The technolo&y development process must be coupled with new techniques to 
allow the panics involved to re501ve thc11 diff acnces, to dermnine what is to be demanded 
or expected from the technology, and to crease an openina for action and proarcss. 

Scientific knowledJe and technoloaical pracdca must be linked to policies v.'hich can 
extract lhe benefits in1nnsical1y available in that knowledae and set of practices. Current 
policy-makin& and decision-makin& procedures have effectively shut down the 
conversations that must occur in our society to reach such a desirable slate. Technical 
research n.ust fo hand in hand wilh invcsti;ation into new decision·makin& tools and with 
cumination o alternative policy options. Our proposed research a1mda and ed1cational 
pro;ram suivc to forae these links. : 
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Multidisciplinary 

1be problems arc cxftmely complex. involvin& scicntif ac. technological, and social 
policy questions. Although pans of the puJJe can be fined by solutions mtin& within a 
fairly nanowly defined discipline. lhe cougher issues will not be resolved without 
substantial inraplay among scYaaJ meas. For eumple. research leading IO a fundamental 
understanding of the health effects of hazudous substances. n we have approached that 
question at MIT. bas closely coupled reselrCb in applied biological sciences, chemical 
engineering, and analytic chemistry IO achieve a level of understanding not available 
lbrough isolated endeavors. 

1be program is slrUCIUred as a DllbU organization to~ maximum intermingling 
of lhe large base of on-soing research activities and new projects created out of this 
initiative, and draws on die expenise of specialists in die fldds of 

-ahe destruction of hamdous wastes 
--Ille containment of wastes •old disposal sites . 
--p-ocess changes IO avoid lhe aenaation m hazardous substana:s 
-movement of chemicals dlrou&h the environment 
--toxicology and human kallh erfects 
-risk assessment 
-monitoring, insttumadation, -net inspection techniques 
-mediation of science-intensive dispues · • 
--re1ulatory law and economics. 

MIT's Commianent 

1be large academic institutions have a critical role IO play in resolving this and similar 
large societal problems. 1be nditional, somewhat passive role that is laken by many 
academic institutions with mpect IO the choice of priorities often leaves them playing 
ca1ehup with the problems out in the world. This is no1 the case here; MIT has, through 
commianents by the faculty and by the top adminisntive offacm, 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 a1. additional characteristic no longer immediately 
associaled with either government or business, that of neutrality and trustworthiness. By 
working in a university context. with its open inquiry and flexibility, the credibility of the 
RseaR:h and lhe fmdinp will be lfCldy 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 motto (Mens er MOlllU) states. This JWOPOSal follows in that mold. 
Our research plan will couple the basic clemenlS to a set of integrated, applied projecu that 
will spill out into the real world as our cuended laboratory. 1bis approach assures the 
buildina in of reality checks, panicularly imponant in any program that seeks to couple 
science, technology, and policy. 

Panncrship 

A successful pro1ram in this area must be based on cooperatior. support. and 
1uidancc from all of the kcy1 1roups or interested and involved panics. 1b11 pro1ram 
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integrates financial and intellectual suppon from indusuy with 1ovcmment research 
canlraCtS to achieve a miJt of activities not alllinablc from a sin&lc source. 

Successful iaearch is of liale use until its meani."l:. impact. and poeential applications 
become known to and aR ICCepaed by society. Education and a continuina proaram for lhe 
transfer of the rcsullS must be closely intepated to lhe research qenda. 

De Procram Framework 

One view of the overall program is depicted in Faaurc 1. this representation shows 
the duce major programmatic clements-basic research. applied research. and 
education-and indicates their inledinkcd sclalionsbips. The inilial plan has 1brec Jona-tam 
meaKb objcclivcs. ID: 

• develop new approKhes to public and private decision mating dw can break the 
present logjam surrounding siting, regulation. and policy matins in this area &enerally 
(l'he shift comes in lhe tq>Jacement of technocratic, bureaucratic, top-down approaches to 
policy and conOict molutjon by a consensual. participatory approach to policy 
de~ and con0i£t avoicfancg); 

• 
• develop new methods to provide direct evidence of lhe effeclS of chemical exposure 

on human health which will permit wiser selling of priorities, technological choices. and 
objectives for risk management (The change replaces an jnfcrcntjal ba5js fraught with 
unc:enaint)' and inhemlt judgmenlS widl a more gicntifically-dcfcngblc snrcm>; 

• develop innovations in product and process technology that will help us avoid the 
creation of wastes and dangerous producas in the fmt place (The shift is obvious; from 
wauc manascmcm to waste rr.dY'tim and cljDJinatim). 

Jn addition. rcftectin& the need t<J provide better interim. short-term approaches. we 
also seek to 

\ 
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• 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 praclicaJ and economical current rcchniques available; and 

• 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 
10lutions. 

We ~xpect short-term needs to shift con'inually over time, and, with the &uidance of an 
outside 1tcerin1 committee, we will adapt our research agenda accordinaly. 

Tiie concomitant educational thrust is to develop a Itron& prOJram for both 
undcr1nduate and paduate studenlS to assure that future public and private leaden will be 
knowlcd1cablc about hazardous substances and will be able to lead us toward a a safer 
tomorrow. Throu&h specialized courses and cuniculum development. we will catcnd lhe 
activities outside. MIT has a very 1uon1 record or curricular innovation which has 
inftucnccd die reachin& or many disciplines nationwide. 

, ' 



OUTS!OE 
CO-PARTI\;IPANTS 

EDUCATION 

--· - ----- ....... --.::-· - ..... 

HAZARDOUS SUBSTANCES PROGRAM-BUILDING BLOCKS AND LINKAGES 

FIGURE1 

\ 

' \ 



Bod! the research and eduCltional ckrrltrttl or the prosram 11.; built on four broad 
areas of inquiry: 

1. Wha: arc the sources of chc~s in wr CD\irwunent and how can tcchnoJoay 
ndur.c the risb they pose? 

2. How do bazanlolls cbcmicali move 1hrou&h and become modified by the 
UY ;_"U'.nle\l? 

3. v.11~1 ~ ~ relationships l»etwcen these chemicals and human health or 
. Ill .A--'~N-"t cnvuorunen -..-·· 

4. What kind of policies and decision matin& wiJI lead to levels or risk that are 
ICCCpUble ID Ill ICC1Dl'i of our sociel1? 

ne Educational Elements 

The educational direction or lhe bazardous substances program is desiped to have I 
lon&-tam impact. MIT cducares scientists. cn&incas. mana~. and desipm or public 
policy who will shape our futu&. 1k primary educarional ob,JCClives arc 10 allow padua~ 
students ma opportunity to focu on the Jn)blcms or baurdous subscanccs and to &iwe 
11ndagnduatcs an informed pmpecliwe fiom which IO view the the implications or lhcir 
tccbnicaJ work. 

An intcrdisciplillll')' core curriculum for paduatc students in Olhcrwisc separate MrT 
depanments and cen1en emphasizes cnvilonmenw. and beaJth issues. Oraduatc students 
doir.g spec~zed wen in a conventional disciplinary framework on some aspect or lhis 
problem develop a "°'°'' tnowlatcc of related 1echniuJ and policy issues. In lddition 
to die core curriculum in bazantoas substance managemcra, they ute related courses 
available through rqular deplnmenlll offerings. 

The rust four courses. aJJ with a common theme to draw attention to their 
interconnected nature, will be off acd for the fmt time by the end of the 1987-1988 
ICldcmic ,car. They arc <* rmt lime is in puenaheses): 

• Chemicals in the Envilonmem: Sources Ind ConlrOI (Spring 1987) 
• ~micals in she Environment: Fate and Transport (Fill 1987) 
• Chemicals in the Environment: Human Disease (Spring 1987) 
• Oemicals in the Environment: Policy and Manqemeru (Sping 1988) 

Additional subjects need to be developed on related aspects of hazardous substances 
mana1ement to permit students in degree programs to &•in specialized skill and 
undentandinJ. Takin& this Kries of courses will provide a c:onte1:t for 1he 1raduate 's 
furure career and may lead 101DC students direcdy 1nto professional activities involving 
hazardous substances. The procram is bcin& desiped primarily to fit int J lhc e~sting 
desrec structure in the dcpanmcnlS whose 1raduates would most frequently become 
involved with hazardous substances manaaement. At MIT the departments include Civil 
En1inecrin1. Chemical Engineerins. Applied BioJoaicaJ Sciences, and Urban Studies and 
Plannina. 

k is expected that students who wish to leave wilh a subspecialty in lhis area will rake 
lhe above sequence of courses and will do lhcscs on sclated subjects. Jr ddition, some 
students mal'_ choose lhe Technol<>&Y and Policy Proanm (TI'P) leading to he Master of 
Science in Technoloay and Policy which _P."ovides a 11ron1 foundation in ad,·anced 
tcchnoloJy combined wilh paduatc level nmin& in economics, politic:ll sc:icnc:e, and lhe 
social SCICllCCS. 

The proaram will o"cr. in addition to lhe MIT acldcmic activities. snainan, summer 
pro1rams in specialized 1reas, and Olher continuin& education pr~iccti A periodic 
ncwslcucr is planned. 
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ne Resnrc• £lemmas 

Currenl projects related ID laazanlous substances (sec Appendix A) arc nannina at an 
annual bud&Cl of over 16.000,000, IDd are sponsored by a YlriefJ or 50UICCS inclucfin& lhe 
EPA, NIERS, DOD. DOE. w qcncics, Ind induslrial lflDlS.The racarch popun is 
focused oa daosc ~ problem where MIT experience md capabilities IR most 
lelcvmL In 101DC of abc areas, on-coma wort ll'Oftliscs brutduOups on how we 
understand and deal with die bmrds of chcmiclls in die environment 

lmpartanl loci far lbc rypes of research Ind teaching emphasized in 1he prosram 
pacndy include lbe dcpamnenlS of Civil Enaincaing. Chemical Engincerina. Applied 
Biological Sciences. Cbemisuy, and Urban SlUdies and Planning; lhe Enefl)' Laboratory; 
lhe Center for Environmental Health Sciences; the Center far Tcchnolo&Y, Policy. and 
Industrial DcYdopmcnt and the Sloan School of Management 

The followina mas include curraat reseucb and planned new pojec1s. 

Laboratory-based Rcscarda Thanes 

lllriltera:ion ONl OrMr Allwln«d Te:lmolo1iu-Resmtb on fndamcnlll combustion 
poccssa al MIT bas 1ebicved a level of undersllndina and sophislicalion suff acient co 
apply to lhc puticular problems of hazardous waste tteaunenL Incineration is a key 
tiechnolo&Y, but must s1ill be improved before it fmck widespcad accepwtcc. New studies 
planned l0r lhc program include elucidation and conll'QI of processes cbat form incomplete 
poclucts or combustion, analysis of failure mocks Ind SJSlelD malfunctioas, lda1ionship of 
deslruclion mechanisms ID thmnocbemical and mixing pocesscs. and the dcvelopmen1 of 
hi1h-speed response perf onnance monitorin1 instrumenwion. The latter is particularly 
important, u fail-safe operational concrol has been found to be a critical element in lhe 
conccms of opponenlS to faciliry siting. 

A high priority project will examine incineration and Olher ldvanccd technologies IS a 
means to veat contaminated soils, perhaps the most difficult and expensive problem 
associated wilh clean-up. 

Work in this area builds on a large faculty and laboratory base. Pilot and full-scale 
combustors arc in place in the Encray Laboratory and the Chemical Engineering 
DcpanmenL A large body of past and current work on understanding the toxicology of 
combustion products strongly couples two of lhe four pro.grammatic themes. sources and 
COllll'OI and health effcc1S. 

Hllllllln Healrli Effecrs-This part of the pro1ram intearates much ~search in 
prosress. One aspect involves dissection of complex chemical mixtures 111ch as found in 
most hazardous subsaanc:es Ilk" in the wastes at abandoned di5po5al sita, and determines 
lhe individual chemical componenlS raponsibJe for die undesirable biolo&ical IClivity of the 
mix~. A major new effort now underway involves lhc direct measurement of lhe amount 
and kind of chemicals that enter a human under normal environmenlll conditions, and the 
dctcnnination of which, if any, have undesirable effects. The techniques permit analysis 
of known compounds in blood samples, but ldditional research is needed ro improve 
analytic sensitivity to permit identification of unknown substances. A third area seeks 
ways to di11nose the causes of disease by examinin1 the pauems of 1enetic chan1e in 
blood cell samples. 

These interrelated endeavors are SD'Oll&ly s~ by individual and poaramlprojecl 
panes in lhc Ccnrcr for EnvironmenraJ Heallh Sc•ences (Depanments of Applied BioJo&jcaJ 
Sciences, Chemical Enfineerina. Chcmisuy, Civil En1incerin1, and tflc Cneray 
Laboracory). Advances an this area will profoundly affect the ways we set sllndards. 
ldjudicatc ton cases about toxic subsrances, and monicor ~ heallh of 11JJC populalions. 

6 

\ 



...._ __ ,,,___ __ ...-...- ............ - ¥ ·- - - -

Fat~ Giid Troll.Sparr of Chemicals i11 ru E11Yiro1UW111-Knowledge in this area is 
essential to forpn& die lints between sources. human and environmentaJ receptors, and 1he 
conlrOls that must be used to manage risks. Again buildin& on a Jarre body of existing 
expenise and laboratory ~. the program will include studies on improve1S models 
for pmtictin& movement of contaminants in poundwater. soils. and Kdimcnts. The work 
will couple physics, chemisb)', and miaobioJoay. Mathemalical models are nc.cdcd in a 
variety of applications, nnaina from policy analysis to risk assessment to site-specific 
design. Field studies, allhough expensive, are critical to pcrf orm in order to validate the 
models and demonstrate their effectiveness. ficld-monitorina instrumentation will be 
devdopcd in another project aimed at lhc problems of mcasurin& conwninanlS in soils and 
poundwater. 

Policy and Case Study Tbemcs 

E11Yiro~ntal Policy turd Disp•e Raolution-Policy and management research will 
focus on the basic iescuch objectives over the next five years. The fust concerns the 
institutionalization of negotiated approaches to sitin& facilities and to mating Olhcr 
decisions with environmental implications. 1bcrc are many fcdcraJ and swe agencies who 
arc interested in cooperating in rescuch in the fi~ld in order to find better ways to manage 
their responsibilities. Panicularly with regard to clean-up, lhe institutionalization of 
negotiated approaches can save time, money. and perhaps even lives. 

1bc second objective is to examine poccntial reforms to the present liability system. 
Such wort is key to resolving fundamenlal problems in both the remedial context and in 
avoiding expensive conflict in the future. The third pan will loot at mcdlods for joint fact 
finding and for resolving science-intensive disputes. In some instances, MIT re5earthen 
could play a ncuttal facl-fmdin& or mediating role in actual cases. 

Impact of New S~nce and Teclanoloo-The implemernation of research rcsul1S from 
MIT and olhcr institutions wit!, in many c:sses, have large impaclS on current regulatory 
policy and adminisaativc practices. In anticipation, IN! propam will develop and examine 
new policy options. For example, it was noted abovt. that knowledge derived from health 
effecu research will change the way we set priorities and treat other critical aspects of 
toxics policy. Advances in waste tn:atment and clean-up technology will have similar 
impacts on standards setting and on monitoring requircmenu. Projecu to examine the 
implications of lhc health effeclS wort and to investigate the acccpiability of incineration, as 
a key trcaancnt tcchnolcv, have been assiped high priority. 

Tronsponaiion-Thc uansponation of hazardous substances is one of the most risky 
pans of the now of ch•micals in the environment. and is a key economic factor in 
hazardous waste management. Evaluation of Joaistical systems for pick-up and nnspon 
of wastes from dispened sources will be an important clement of the household project 
described below. 

Manageme111 of Household Hazardous Wastes -With the uraing and support of 
Oovcmor Sununu of New Hampshire IO use lhat state as a cue-to-study, we are planning 
a project to develop Ind assist in the implementation of a state-wide household hazardous 
waste manaaement system. Our research objectives extend far beyond simply punin1 into 
place a periodic colleclion proaram. We will determine lhe way that individuals perceive 
die risks in usin1 and dispo1in1_ of ahcsc materials, and examine lhe short- and Jona-term 
riw ro lhc entire community. The choice of tcchnolo&ies, particularly incineration, scaled 
to lhe dimensions of this problem, relative to industrial waste, will be made in a policy 
dial~ue and confiict re50Jution framework based on lhe mediation techniques developed 
by Professor Lawrence Susskind. By carryina out the project with real issues, real 
institutions, and in real time, we will test the practical utility of the rc.carch applied 
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broll''Y. A secondary ot-jcctive of this project is 10 Jcam how to educate the gencraJ public 
about the origins of hazanlous subslanCCS IDd of their roles in boch crcatin1 IDd managing 
the problems lhat arise. 

Guidin1 t•e Proaram and Se1tin1 Priorities 

Research activities arc coordinated by lhc MIT Hazanlous Substances Oroup which 
includes representatives from several diffemit departments and centers at MIT. An 
ldvisory board of senior industry and government officials will meet frequently 10 assist 
the poup in senin1 its qenda. The MIT initiative is structured differently from other 
school's programs. W't have not established a new center m laboratory. but. rather. have 
designed our program around a matrix management canccpt in order 10 involve and benefit 
fiorn lhc entire body of inaacsted faculty and staff. 

1bis initiative is lhc outgrowth of lhc commiuncnt of a core poop or senim MIT 
faculty to apply lheir research and 1Cldcmic pursuits to solving lhe probkms posed by 
chemicals in lhe environment The Hazardous Substances Oroup includes; 

Prof. David H. Marks 
Head. Depanmcnt of Civil Engineerin& 

Pro!AdelSarofim • 
Department of Chemical Engineerin& 

Prof. William G. Thilly 
Depanment of A~ Biological Sciences 
Director, Center for Environmental Health Sciences 

Prof. Lawrence E. Susstind 
Dcpanment of Urban Studies and Planning 

Prof. Dar.~el Roos 
Japan Steel Industry Professor of Civil Engineering 
Director, Center fo; Technol<>&y. Policy, and lnduslrial Development 

Jn addition to the core group, other faculty will participate in b\>th the educational and 
research aspects of the program. Dr. John R. Ehrenfeld. who has spent over 20 years in 
both the public and private secton working on environmental problem solving. has joined 
MIT to serve as coordinator of lhe ovaall initiative. 

Financial Support 

Suppon for the proaram for a safer tomorrow is expected to come primarily from two 
sources: industry and sovemmcnt. Support is also bein& sou1ht from foundations. 
Oovemment support will Jar1ely be diJected to individual focused research projects and to 
die on·1oin1 activities within the Center for EnviJonmentaJ Hcallh Scicnca. We will seek 
joint f undinf for projects wherever appropriate. 

lnduscnaJ sponsors fill key financial pps. The primary areas of need include: seed 
~search, policy-orienled case studia, ou1re1ch and continuin1 education, cuniculum 
developmcn1, padua1C student fellowships, and IO underwrite overall project manascment. 
Fellowships are a critical need; approximascly hall of lhe indusuy suppon will be illocated 
ro pcnnanent fellowship endowment. 

Tbe base level of industrial support sou1ht is a totaJ of SI 0,000,000 to fund the (Jl'St 
five yean of the proaram. To reach th;s aoal, MIT is scekin1 contributions of S 1,000,000 
spread ovc,r &he five years, from each of JO corporations. 
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APPENDIX 1 

• 
SELECTED LIST OF CURRENT(1986-87) 

MIT RESEARCH PROJECTS 

RELATED TO HAZARDOUS SUBSTANCES 



Soyrns Hd Cpnrrpl 

Or1anic Partitullllts from Yapori:ablt Fwl Corrabustion 
J. P. Lon1well. J.B. Howard. W.A. Ptten. and A.F. Sarofim 

Basic snadies or oraanic particulates rrom vaporizable ruel combustion. f ocusin& on 
chancttrization of soot and polycyclic aromatic hydrocarbon compounds (PAHs> 
produced by combustion or vaporizable fuels under well-defined conditions usina 
relatively small-scale equipment. collection of soot and PAH samples. includina 
sulfur- and niuo1en-containin1 polycyclics. for detailed chemical analysis and 
studies of toJticity. Relationships between muta1enic/carcino1enic activity and 
fuel/flame characteristics will be studied. 

Or1anic Par1icula1ts from Coal Giid Hta•y Liquid Fwl Co,,.,,us1ion 
A.F. Sarofim. J.B. Howard. and J.M. Beer 

The formation or oraanic particulates and polycyclic aromatic hydrocarbons will be 
studied under well-defined labontory conditiom simulatina lhe tempenture and 
OJtidation histories expected in pnctical combuston. Emphasis will be place on 
pulverized coal. coal-derived liquids. and residual oils with hi&h carbon/hydrogen 
ntios. 

Htnltlr El/tcts of Combustion of Yaporizablt Fwls · • J.P. L,,n1well and J.P. Howard 
Research addressin& chemisuy questions in the formation of soot and PAHs 
(polycyclic aromatic hydrocarbons) from the combustion of fuels that may readiiy be 
vaporized. The project may be conveniently divided into two facets. Well Stirred 
Reactor Studies (facet A) are based on use of a reactor desianed to eliminate 
mixina effects by promotina intense stirrina of reactants and products durin& the 
actual combustion process. Laminar Flame Burner Studies (facet B} ?mploy relatively 
small-scale laboratory names in ~ . ~ich the now of reactants is laminar and in v•hic:h 
they .,e either mixed at low temperatures prior to reaction. or mixed to&ether by 
molecular diffusion. · 

Analrtical Clttmistry /or Combustion Products 
K. Biemann 

In a collaborative effort with the Department of Chemical Enaineerina and the 
ToxicolO&Y &roup of the Department of Applied Biolo1ical Sciences. the component 
of 1he complex products derived from the combustion of various fossil fuels are 
bein1 identified by 1u chrom1101raphic mus spectrometry. hi&h performance liquid 
chromatoaraphy. and Fourier-Tnnsformation Infrared spectroscopy. This effort is 
directed towards minimizina the health hazards. if any. posed by lhe use of fossil 
fuels in enaines and furnaces. by modifyin& the combustion process. 

Formation of Polycyclic Arommic Hydrocarbons in Prtmi:itd Flowws 
J.P. Lonawell and J.B. Howard 

Rich mixture flames form polycyclic aromatic compounds. some or •·hich are 
mutaaenic or carcinoaenic. Formation of these compoundi is beina studied in a 
Oat-name burner and a jet-stirred reactor. 



~folttlll•-Wtifltt Growtll i1t Fltllflft 
J.B. Howard ud J.P. Lonaweu 

Basic research on the chemistry or molecular weiaht 1rowth in fuel rich flames and 
development or kiMtic modtls IO predict yields of desired and undesired products 
for reaction systems of interest. Special attention is OD mechanisms of soot :and 
polycyclic aromatic hydrocarbon (PAH) formation. A molecular beam samplin1 
iDsnmeat ud on-liae mus spectrometry are used ror in-flame measurements. 

Arolfllllits of OJCidOliOll tMJl SOOI For,,,.,iOll i11 FlllllWJ 
J.B. Howard 

A study or the kinetics and mechanisms or aromatics o&idation and soot formation 
in names. usina molecular-beam sampliDa with on-line mass spectrometry. anal)"Sis of 
beam deposits. and in-name laser scanerina ud absorption. Profiles or soot 
particle size and Dumber coac:entration ud radical ps species concenuation art 
meuured and used in critical tests or reaction models. 

ForWU11i011 of Nitric Oxidts ;,. FlturWs 
A.F. Saroram and J.M. leer 

Eaperimenlal and theoretical modelina or lhe f onnation or nitric oxides in flames. 
die devolatization Of nitroaen-containina compound from coal and the OJlidation of 
atmospheric and fuel nitroaen in both premixed and diffusion flames will also be 
studied. 

Anal.•·sis of Polycydit Aro,,,.it Corn/IOillllls · 
K. Biemann. J.E. Biller and J.J. Gqel 

• 

Analysis or polycyclic aromatic compounds produced in combustion en1inttrin1 
Studies. Advanced techniqutS or 1U cbromatoaraphic mus spectrometry will be 
used to identify the compounds present. A method of off-lint coupliD1 of hiah 
performance liquid chromatoaraphy and inf rared spectroscopy is also beina developed 
for this purpose. 

Co,,,puttr in Moss Sptetrornttry 
K. Biemann and J.E. Biller 

Development and improvement of hardware (interfaces between mus spectrometer 
and a computer) and software for the acquisition. evaluation. and interpretation of 
mus spectrometric data. These techniques are at the same time used in the 
invatiption or oraanic compounds from biochemical. clinical. and environmental 
sources. 

Co,,,bustion Rtst11rclr Fotility 
J.M. Beer. P.M. Walsh, M. Toqan and T. Yu 

A proaram hu been ini1ia1ed on 1he clean combustion of fossil fuels <aas, oi:. and 
coal) and new coat-derived fuels such as Low-Btu au. solvent refined coal. coat-in
oil mixtures. coal-water slurries. and oil·waler emulsions. Central 10 this pro1ram 
has been lhe desian. construction. and operation of a pilot-plant size Hperimenral 
furnace wich up 10 3 MW thermal input, with wriable hear sink and mul1if uel 
burnin1 capability, Combustion diaanostic techniques under development include 
laser soot scanerina, luer velocimetry. and spectroradiometric meuuremenu. 
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Combtdtiort Snllli's of H,ol1la El/ms of P11r1inJot'1 
J.M. leer. W. Farmayan. D. Teare and P.M. Walsh 

An iavesliptioD or - formation or oraanic particulates form industrial combustion. 
To •ndenland this problem. turbulent miziq. lleat uansf er. and ct.emical kinetic 
processes occurriaa ia industrial-size flames are beiq studied. Orpnic paniculates 
iDcludina polycyclic aromatic •Jdrocarbou aad sullur and aiuosen-con1ai.1in1 
kterocyclic will be studied ia pilot-scale combustion equipment.. wlaicb allows :he 
processes ID be indepeDClendy enmiaed and their iatenclive efTec11 to be 
udemood. 

COl'lbtdtiort Stlllli's of Or111t1ic tlll4 lllO'llPlic Porticulo"s 
J.M. leer. P.M. Walsh. M. Toqan aad A. Dutta 

To fully undemand tbe formatiOn or potentially tozic paniculates in pnctical scale 
combustion equipment. dae turbulent mizina. lleat transfer. aad chemical kinetic 
processes in tbe flame must be carefully studied. The purpose or this project is to 
perform these studies in a controllfd manntr usiaa pilot plant scale equipment that 
allows tbesf three processes ID be iadtpendendy studied and thus their interactive 
effects to be ulM'imood. Tbe focus is OD turbulent diffusion flames and nuidiztd 
bed combustion. 

Co,,.bustiort S""'pli111 for CM'irricol anti •iolo1icol Claor«t,,i:Gliort 
W.A. Peten. A.G. Braun. A.l. Lafleur and J.P. lonawell 

The -objectives are to proviclt reliable samples or soot and oraanic combustion 
emissions for detailed chemical and bioJoaical analyses. and to relate the resulu or 
those analyses to combustion conditions and fuel type. Practical scale combustion 
equipment (such as tht residential oil burner) and model combustion reacton are 
beina eumined. 

CM,,,icol Anal1·sis for Co,,,bustion R,s,orclt 
A.l Lafleur 

A collaborative eff on between the Eneray lab and the Environmental Htalth 
5'iences ttnrer to provide and maintain a laboratory for the chemical analysis or 
fossil fuels and their combustion producu. Work is under way to characterize 
combustion samples from a number or sources so as to shtd liaht on the mechanisms 
or formation or species suspected to pose human health problems. 

Clt,,,,icol Aftolysis for H'altlt E/l,cts lt'storclt 
A.l. Lantur 

Research to characterize a Dumber or combustion-related complex miinurn. with 
special emphasis on the identification or aaenu responsible for mutagenic. 
carc:inoaenic. and/or teratoaenic errecu. 

Kinttics of 0Kidatiori of Ammonia. Carbon .'f onoKid,. 11t1d 011.,, Or111t1ic 
Compounds in Su,,rcmical N'attr 
J.W. Tester 

fundamental studies or tht kinetic ntes and mechanisms or 01idation or ammonia 
and carbon mono1idt as a bomoaeneous reaction with 01y1en in a supercritical 
water phue. The ozidation or other orpnic molecules ii beina 11amined in 
supercritical water u a merhod or hazardous waste treatment. Additional studies 
are also under way on oxidation methods or waste water treatment for spacecraft 
applications. 

\ 
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Gos Tr~llli"I witll •~oni~ ElfllllsiMs 
T.A. Hanoa _ 

A technical ltld economic evaluation or a novel emulsion scrubbina process for the 
removal and/or recovery or lrlCe solutes from pseous streams. 

El~aroos11t111i~ COlllrol of Ho:ortl011S was,, L"1~lllll~s 
R.F. Probsttin aacl P. Renaud 

Laboratory ln1S Ind lheoreticaJ analysis or lbe f euibility Of usin& electroosmosis It 
laazardous waste sites to control and direct leacbates. injected nuids. and 
aroundwater flow. 
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(ate 114 Tta11Hn 

S1ocl1as1ic PrHictiOft of Dis~rsi~ COftlamillGlll Trt111Jporl 

L.W. Gelhar Development or methods to determine raeld scale dispersion coefficients and 
evaluation of the reliability of aroundwater solute mnspon predictions of 
contamination plumes. Stoelwtic tram~ -.. theory is beinl used to predict the 
concentntion or variance in terms of bydnulic conductivity varirability. Eaistina 
field data on plume dispersion is beinl compared with stochastic theory for 
macrodispenion and concentration variability. Applications to the desian of 
monitorina netw0rks and aquifer restontion are also considered. 

Colloid-Enlulncttl Toxic Clwmical Tra11spor1 ;,. GrOlllUlwattr 

P .M. Gschwend Isolation. Quantif"&eation. and charaeterizatioD _ or colloids from COntamina1ed 
aroundwaters in addition to measurements or the sorption affinities of toxic 
hydrophobic chemical for tJaese colloidal sorbena. 

Biolo1ical lmpon of Wastt Mttal Disposal 
f .M. Morel and G. Harrison AD investi&ation or the physioloSical (and •he' necessary. biochemical) processes 

throuah which toaic metals affect the ptanktonic biota. how these processes depend 
on the chemistry of the medium. and bow oraanisms respond to metal stresS throuah 
acclimation. adaptation. or modification or their medium. Ultimately. a convenient 
and npid chemical assay will be developed ror determinina the sensitivity or 

phytoplankton to mce metals. 

Acid Dtposition on o MassadustllJ lt"ottr Supply WottrsMd 

H.F. Hemond A bio1eochemical study of a central Massachusetts •-atershed. focus:na on sources 
~nd sinks or major ions. links ..-ith subsurface bydroloay. and bioloaical processes. 

Guidtd ••o•t Mtosurtmtnl Ttdmiquts 
K.R. Maser Development or insmamentation for improvina in situ evaluation or containment 

mrrier systems at hazardous waste sites usina 1eophysical theories and methods. 

Fitld-Por1oblt Probt for Yolotilt PollUIOlllS ll1UI Bio1toclltmicals 

H.F. Hemond Development o a li1htwei1ht. hiah-perf ormance. field-portable instrument f'or 
dttec1i~I a wide nnae or volatile environmental pollutants and bioaeocbemic:als to 
provide rapid on-site inf onnation IO field workers on pollutanis and bioaeochtmicals 
in a variety or coastal environmenu no1 measunble with uistina techniQurs. 
Membrane interf acina and mass spectrometric detection will bt used. 

f itld lns1r11rnt111s for Mtosurinf Yolotil's in Groundwottr 
f .M. Gschwend and H.f. Hemond , A project to facilitate aroundwater monitoriDI or volatile oraanics by developina: 

(I) an on-column aqueous injec1ive 11an capillary ps chromatoaraph and <=> in s11u 
membnne·probl mass spec1romettr system for field use. 

' 



1·01~r Qlllllity MMitori"I 
H.F. Hemond 

Developina an ;,, si111 probe which can be easily drivea into aquifers or inserted 
into monitorina wells or surf ace water and will provide monitorin& or volume 
orpnic contaminators such as solvents and ruels. TM semi-permeable membrane 
IKhnique will bt UHCI, and dettction will be done by mass spectrometry . 
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Ctll Cllltwts /or •ioossoy of E•niroitlfWfllGI ClwfllicG/s 
W.G. TlaiUy. A.G. Bnun and A.L. Lafleur 

A mullidiscipliDary proaram to eppty M•ly developed IKhniQuts utilizin1 
continuously propqalin& llumu ceU linn ia assays for mutqenie and cytoto1.ic 
effects or environmenlal cbtmical OD llamu cells. 

DiOfflOSi"I llw C..us of H,,,,,.,, Gnwtic Ditt#IN 
W.G. Tlailly. N. Cariello. A. Cantitllo and I. Gemaen 

Usia& laumu blood samples and the concept to mutational spectra. mans are bei!\& 
developed to discover the causes o! human aenetic cJaanae. 

Toxicolo1y o/ llocromolttulGT """'4tt 
J.M. Ess.iamaaa 

QwacterizatiOD ol tM molecular evenlS IUt uaderlie the ltDOto:aic erftcU Of 
enviromnental cbtmicals. Tlae e&perimental appioKh beina developecl utilizes the 
tools or orpnic syndtesis and pnetie eqineeria& to CODStnlct DNA moltcults that 
Uve derivatives o( eaviroamentaJ toJdm Sihlaled at eucdy know ltDOmt locations. 
These DNAs are introduced into the cellular environment where they act as probes 
for delectina how the to:aia residue dwlaes the normal runctionin1 and processina 
of DNA. Ultimately. it is the objective of· this proanm 10 rormulatG ·ules that 
could make riossible predictioD or the aenoto:aic Ktivity or environmental chemicals. 

Gtrwtic Toxicoloiy Ttsti"I Lllbor11Jt1ry 
A.G. Braun 

The laboratory interacu with numerous iavestipton both inside and ouuide MIT to 
assay larae numben or chemicals and comple:a mi:aturts IO determine to:aicoloaical 
activity. Basically. aene locus mutation in bacteria or human cells is dK end point 
e:aamined. Research on assay development and improvement is also condueted. 

In Vitro T1roto11n T1s1in1 
A.G. Braun 

A study or methods for the evaluation or seratoaenic potential in complex mixtures. 
Exoaenous metabolizina systems are beina used to •activate• and inactivate 
teratoaenic 811DIS i11 ntro. The principal S)'Sttm in use involves the attachment Of 
cells to lectin-coattd surf aces. Most sentoaenic aaenu interfere with attachment. 
A quantitative relationship t.ltween the concentntion or inhibitory leratoaens in 
•itro. and their seratoaenic activity ;,. •itro has been demonstrated for over JOO 
teratoaenic a1en11. As appropriase. other in •itro terato1enic assay S)"Stems will bf 
used in die laboratory. 

-'loltndGT lm1r«tiOJ1s in Ct1Tcino11n11iJ ond M111a11ntJiJ 
G.N. Wopn, W. Rausch, and G.H. luehi 

Many chemically inen compounds can be metabolically converted in she tissues of 
animals and man into rnclive derivatives. CoviJent bindina or these derh-ati,·es to 
cellular macromolecules, especially DNA. can aive rise to various 101tic 
mani(estatiou includina cancer. mutation or cell death. Similar mechanisms may 
underlie other forms or soaic:icy iacludin1 aerasoaenesis, hemolytic anemia. and 
alleraic reactions. Elucidation or Chest moleeular inttnc:tions is thererore cruci:al IO 
an undenandina of the mechanisms underlyina 1be to:aic responses. Studies with 
this aeneral objective are in proaress on the rollowina compounds: aflatoxins and 
11eri1matoeyscin; benzene; nitrosaminn; heterocyclic producu or coal combustion; 
and pyrolysis producu or amino acids. 

\ 
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Corci1101n-•ilflli111 hot,iras 
M.A. Marlena. H. lanoa. M. Constantini. and H. Kwon 

A prorein iD mouse liver cytOSOI bas been round lhat binds mny polycyclic aronuric 
laydrocarbons in a receptor-lite fashion. Srvdies will include purific:nion. 
CfaaracterizatioD. and delerminalioD of' biololicaJ (unction. 

C#wmicol Carnq,111sis ~ Aairt11it111 of C'll1"ar Trarufor-. ~s 
G.N. Wopn 

Wllole animal and liss1le culture models uve been *-loped 10 ascertain the 
sequence or events lbar ro11ows a sinale-dose ezposure or a chemical arcinoatn. 
The remporal relationship berween Ille ronnarion of' DNA-c:ucinoaen adducts and rht 
activation or PfOEO-oaeGleMS ID IM developmenl O( a preneoplastic cell phenot~-pt 
and die subsequenr developmenl or a tumor are beina invenipred. The acti\"'llion 
or specuac PfOIO-ODCOleMS ia respoase ID putjcular COIDPomlds will be obsen-ed by 
masurina (I) IM relative levels or ODC01ene~specu1e aRNAs. (2) the uansformin& 
po1en1ial or cellular DNA aCrer tnnsf'ection into mouse fibroblasr cells, and fl) 
cbanaes iD sizes or oecoaene.conrainin1 restticlion rrqmeats . 

. 'lodi/ic01i011S o/ Mocromol"lll's by Produas of Fossil Fwl COlll6talit111 
G.N. Wopn • 

Determination or bioloaical errecrs or combustion prochlas iavolvin1 studits on 
modifications or macromolecules. ;,. .;.,, and ;,. •i1ro. by products or fossil fuel 
combus1ion. The aoal is to predict the potential health hazards posed by compounds 
and crude extracU derived rrom fossil ruel combustion residues by determining the 
e:llent and nature of the covalent bindiq or the IHI compound 10 biolo&iC31 
macromolecutes. Compounds will include selected polynuclar aromatic hydroC3rbons 
(includin& nuoranthene and othen) representarive O( those identified in the Htra.:rs 
o( soots (ormed under well-defined (ossil fuel combustion amditions. 

HuWlan Clwrnical Dosirnt1ry 
S. R. Tannenbaum and P. Skipper 

Development of analytical approaches 10 the monitorina of indhidual human 
exposure to exo1enous chemicals. such u environmental carcmoaens. The primar~ 
foc:us in on formation or stale adducts •ith blood proteins. Compounds under Stud~ 
include hydrocarbons. aromaric amines. allatoxin. and N-nillDIO compounds. 

,\:;1,osaW1ints as Enriron,,.,Nal Htallli Ho:ards 
S.R. Tannenbaum 

Development or analytical methodoloay. coupled .. ith studies or the mtrabolism or 
nitrate and nitrite. rormation or N-nitroso compounds rnm (ood components. 
r1iolo1Y or aastric cancer. anc: formation or nitrosamines ;,. •i ... 

Carci1101tnid1y of Fo11il F111/ Cornbu11ion ProdwlJ 
W.F. Busby 

Developmenl or short-term animal bioassa)'I ror leSlina the carcinoaenicity or 
1umori1eniciry o( compounds and IOOU derived from the combustion Of fossil (utls. 
The emphasis bu been placed upon 1he induc1ion or luna tmnon or their prrcursor 
lesions wirhin a six-month period. 
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Polin 114 Mt11H•ca1 

.\lttli111i111 Sci~t-IRltrUiW l'olicy DiS/ltlltS 
L.Susskiad . 

Aa analysis or current ef'f ons to mediate scieace-iarensive policy disputes such as 
die silina or resource recovery plants. lmardous waste disposal. coastal zone 
clescriplioe. ud ocean dumpiaa. TM objective is to ewaluate tile effectiveness or 
alediatioa IS a llrlteay for nsolviq such disputes. Recent demonstntions will be 
evaluated. 

Su~fllllll Enftl#tt~ 
L. Susskiad 

Analysis or Superf und neaotiations at 25 sites throuahout tbe United Sates with the 
objective or identif yina the banien to aeaotiated settlements and supestina to the 
EPA u~raative approaches to resolviD1 teclaaical and political disputes over 
deuup. 

£11rir0111VJ11Gl llttlitlliOll 
L. Susskiad aad L. Bacow 

A broad prc,ram or research about techniques for mediatina environmental disputes. 
Case studies or nqotiation techniques for envilonmental disputes are developed for 
use iD uainina workshops and professional education. 

Nt101iatttl Rult Jlali111 
L. Susskind and J. McMahon 

Analysis or current federal efforts to experiment with mediated rule makina. The 
objective is to evaluate the advantaaes and disldvantaaes of mediated approaches to 
the development of federal nales and reaulations and to evaluate current EPA. FTC 
and DOE demonstntions. 

Exper1 Sysltrru for H11:11rt/oin Watt RtJMdial Ac1ions 
D. H. Marks 

Implementation of an expen system to help plannen focus Oii 1he correct sitt 
clean-up suate1y for existin1 hazardous waste sites under th: Superf und proaram. 

E11•ir0111Mlllol lmpan Asstss"""' lf.t•itw 
L. Susskind and T. Hill 

Each issue of this quanerly iaeludes: brier summaries of new anal)"lic techniques 
and breakthrou1hs in environmental decision makins; anicles addressin1 some of 
the uraent problems in the field; editorials; announcements of oraanization activities; 
and book reviews. The lf.t•itw is based in the Center for Technolo1Y. Policy and 
Industrial Development. 

Policy lssws ;,, lf.1111l111i011 of To%iC SllbJ11111ctS 
N. A. Ashford 

Examination or a variety or strareaic and policy issues in the testina and reaulation 
or toxic substances. ineludina the problems or small volume ud new chemicals. 
mainttnann or innovation. complex and variable chemical substances. ud an early 
warnina sysaem ror future chemicaJ. technoloay trends. 

S«it1ol Controls for Htalth ond Sa/tty Ha:ordJ: An HiJtorical 1111d £1hicol AJstJJ"''"' 
N.A. Ashford. W.C. Priest. and D. Hanis 

Elucidation of the underlyina values and ethical principles renecred in bo1b curren1 
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.\t111or,rtic A.s111y 
W.G. Tlailly. A.l. Lafleur. and A.G. lraua 

A claemical ud toaicoJo&ical analysis of paniculate and ps efOuenlS from various 
combustion systems. TM loaicoloaic analysis is llued on mutation of bacttria and 
humu cells. 

.Vorplaol,,.ic EWll11111i011 of El/ttt1 of •"li'•ory Toxiclllfll 
A.E. Ropn. M. Coner. uct M.O. Amdur 

Exposure by ia .. lalion IO aerosolized amounts or metal oxides and sulfur dio,idt 
daal .. y be aeneraled iD Ille air by buraina coal induces physiololi.:31. 
morphoJoaical. ud biochemical abnormalities ia 1M respiratory tract of auinea pigs. 
Sensitive medaods to meuure iatemitial edema. iarlammation. epithtlial ~tll 
permeability. clamqe and turnover. and endothelial cell iDjury are used 10 
clemonsuate ud quaatify tbe ef(ICIS of lia&le and repealed exposures. 

To.'CiColt16Y of 1*"6MiC CNI C°"""'11i011 A~o1ol1 
M.O. Amdur. J.F. Elliott. A.F. Suoram. and J.F. McCarthy 

A project euminina IM aoaic erreca ol combustion aerosols alone and in 
combination •ilia sulfur dioxide <SOJ). MetUds include pulmonary f uncrion in 
auinea pi15. studies of deposition. clearance. IDd bioloaical uptake. and studits of 
pulmonary pathoJoay. Aerosols of both pure metal oxides and coal combustion lrt 
characteriud u to chemical composition. size. shape and surface enrichmtnt oi 
uace metals. 
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health. safety. and environmental leaislation. and in later administrative and judicial 
actions implementina lhat Jeaislation. The four major mks are: description or the 
•ctaround or historical forces Ullderlyina demands for incrnstd control or health 
and safety risks; development or I conceptual framework IO define IM IOlls of and 
ethical principles underlyiq •ill buard control systems; survey or the le1isl11ive 
laistory Ind Subsequent implementation or hazard control laws; Pd assessmtnt Of 
coherence of control principles within and between different PfOlralDS. 

/Hwlo,,.,u of .,,,,, #ttWs for Quallli1G1i~ Ht111 Ir It.sic Asstss'Wlll 
Dalt Hanis 

Research into (I) the UR or plwmacoltinetic models to improve carcinotenic risk 
assessment; and (2) the effect or human interindividual variability on population risk 
from to&ic chemicals. 

lllltttSI GtOflp S1rG1tlits Mii 1lw Rt1ula1ion of Htolila. Sa/tty. ONJ En•ironwwruol RuJ.s 
D.Metlay 

Interest aroups are deeply involved in rqulatory aaeacy proceedinp with respect to 
the control or health. safety and environmental rists. This research is desianed to 
show why some aroups participate and otlten clo not llld. for those who do 
participate. how they choose and implement nraaeaies desianed to innuence 
rqulatory choice. 

CorrsldVi ''°"~' Ftars • 
H. M. Sapolsty. S. Weiner. M. Staal. and L. Cumminas 

A study of the health and safety challenaes 10 consumer producu. focusin1 on the 
dyaamics or issue development and the anempu 10 concain market errecu. 

\ 



\ZARDOUS SUBSTANCES MANAGEMENT PROGRAM 
ASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Incineration conference. 
tackles confrontation issues 

"llmrdoaa .... lm:iMratillla; c..
lnDDDctbe SoutClll olDinp-.&" ... 
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Fresh water a~3il~bililv is v1le! for the so:ic1co~asi~ develo;c~ttt oi •~t 

regio~. WatEr is not only incis~E~si~le to life itsElf. bat al~c •ifEc~s ali 
as~ects of develop•ent includin~ livestoci breeding, cro~ irr•;atio~ ar.~ 

induslri•l develO?£ent. Ir. s•ny arid or se£iarid regio~s. wale~ is rarE -~~ 
the desand is incre•sjng in res~onse tc a growing popu!•licn anc le a r1sin~ 

slar.der~ cf living. 

Desalination oi seawater or tr•:iist water s•y pro~ide c sol~lio~ le this 
crucial proble~ in certain casEs. L•rgE sc•ie pianls cap&tlE c= furr.is~ir.~ 

several hundred thousand cutit ~elers cf water per day are •lrE~=~ c~eratin~, 
prica~ilr in t~e ftiddle East: Sc~d: ~rct~a, lu•ait. Qatar. ~t~ Ltit:. etc. 
ifiqure Ii. 

ftost cf lhesE clants usE d;sliii•l:o~ processes, espe:i~Jjy f:cs~ t:stil
iat:o~ (Table 1)~ wtich a~e erergy-1~lE,s:ve an~ reG~:re iar~E a~o~~!s c: f~ei 

oil er gas. Fo~ a largE ti~a:il' P!•~l opErati~q at a ~:;~ loa~ ia:lcr, e~er;y 
cor.su~~t:on re~resents 40? lo 50~ er lt.e totol cos! per cu~ic setE~ ~= •i:E· 
orc~ucE~. Wit~ rising e~er;y prices, ~•~y ccu~triE~ erE no~ 1~tereste: :~ 

·e~e~a~le ener~y forRs for des•l•~•t:o~. 

T~is pa~er reviews the c~rre~! sta~us of desa?i~ilio~ bv rEn~~a~ie E~er~v 

scu~ces. 1r.d alle~pts le dEte~~ine the rE•£o~£ that cwrre~~it 1:~:~ the att:~=-

T~e use of solar ener;v to diEtill ~ater is ~~t a re:e~t :~e~: :~ the 

In 1£0e J.£. della fort• illcs~r;~ed l~e principle i~ h:s ~:c; ~Le ti~t;!

lil!tnibus•. The 9ia:e~ d:stil!at:c~ u~:t <F:;~re ~J is lhcs the s:~~!es: -~~ 

•~tt ancie~l desel1n•lior process. 1te •iler vap~r ~rod~ced ccr~e~se~ o· tre 
g!is~ panEs, whic~ are use~ is a col~ scurce. Unfo•turate:,, t~e ~~~~~::1:· 

:ipicitr of t~is •elho~ does ~=t e~:eeG 4-~ lllers pE~ oay pe~ s:~a~e ~ete· := 
~at1r s~rrace, a~G vast 9l•:e~ irea~ q~:cily beccre necess••y. 

~1ce~l un:ts er this type i~clu~e a 1Et0 ~2 dislillaticr plant at ~ha~:a. 
India, built in 1978 by the Cer.tral Sall and "arin~ Che~icals Researct lnsl:
tuLe, with a capatity of about S s3/day 111, and i 600 •2 facility co&~1ss1:r.ed 
in June 197~ on tht island or &yotu-To ir. Japan, Nilh • d•ily procwctio~ ca~a
city of about 2 •3. 

Thi specific cost of a cor.v1ntiDnil gli:ed distillatjon unit is d~f ficult 
to tsti•at•, 1~ tht price ••r vary s:gnificantly dep!~Cing o~ Nhelher lhe 
aal1ri1l1 usrd \glats or plastic> •rt l•?o~t•d er •anufactur1d loca!!v, w~rthe: 

th1 work is dO'\t by costly Eurcpur. or r1hliv1ly in1inar.sive loci! Jaber. ar.c 
•htlhtr th• facility is built by a prival1 coapany •ith a profit 1ot1v1 or ty a 
nonprofit 9ov1rn•rr.l agency. Jt is thus illutort lo indicalt ~r1:ist cost 
1stia1l1s olhtr than on a cast by cast basis. 
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~ccor~inq to a recent esti&c!e, the cost of a gla:ed disti?lction plant 
:an~es fro~ FF 250 to FF 1000 per sGuare aetrr, depe~din~ o~ lator costs 121. 
Assur.in; a :S-year service life, which is proba~lr G£l•~ist1c. a s~ec?f;c 

t f • l"t ., .. ,. t; ., .,. oulpu o ~ 1 ers per c~ per ~~Y 1.e. a out 1., £~1.~1,ea:. an~ ar. interest 
rate of 101, the cost per cubic aeter of !resh ~•le: ra~ges fro; Fr 25~ t= 
FF 100~, co~sidering only the financir.~ costs. ll is assu&et t~at o~eratior 
ar,:: r.o;inh:~ance will be ens.;red tv gratuitous far.ly labo~ llabie 2:. 

Contrary to a wides~rea~ belief, the ccst or desaiina!iQ~ ty c scla· 
c1stillat1cr. unit is high with re~ard to the rela~ivel~ QCtiest ~~·for~ance ~i 

this precess. 

Nu;e:cus i•prove~ vers:ons cf the rc~ve~licna~ so!ar o;st;:!a~;c: u~;t 

have bee~ ~-opcsed: 

• Jnclined Cascade Type Solar Di•tillation Unit 

c:ie~tatic~ 0 1 the c~liectcr relative lo l~e inci~e~t so!ar rati•at~c~ i~;~oves 

~erfcr~i~ce. A u~:t of this type <Fi;~re 3i is sol~ ~i the French cc~:a~~ 
SD~E~!L i~ Fe~~ignor.. 

• Spherical Solar Distillation Unit 

Thi5 i?esigr <F19~:-E 4: was C:evelope~ h hciessc· ~er.9;;\ at l!-e U·:·•e~s:b 

c= ~Y~~. a~~ ccsµr:ses i ple~i9la£ s~he·e ccrti1~ir; a 'es;e: i:l~e~ ~:t~ Silt 
~ilE~. ~i~E~ vapcr contenses c~ the uiper h~~:sp~ere an~ lhs ::~:e~si~E is 
:~:le:te~ ct the teller ci the lower he:is~here. 

• C,,illary Fil• Solar Distillation Unit 

In th:s desig~. de~eloped by Prcfe;s~· Le;ct= at the Che~1ci: ~r;inee~;n; 

E:ience latoralcr~ in ~inty wilt lhe cclia~orit:cr c: Frcless~= ~~i~Es il ths 
Ur:versitv of ~lgiers. bra:tis~ water i!~w5 slc~:v ale~; i tt:~ f;~•:: ia~e· 

!h~t lines l~e u~~er face cf t~e co!le:lcr. Tte vi~or cc~~e~sE~ er the cc:c 

This ~nit sho~:d prcd~ce it le :~ i1lers c' ~iter per sc~i·E rster ~e~ ~i~ 

under ins:!atic~ conditions provi~in; ~.~-3 l/r:!dav ~~~~ i ccrve~::c~a: s::ar 
distillatio~ unit. 

Glazed distillers are the only truly •inlegratec:• sc!ar d~sti!lal1on 

systems. ,All the other techniques now bein~ developed use rene~abie ene~gy 

sources with conventional desalination processes; d:st1llalitn, reverse 
os•osis cr,e!eclrodi1lys1s. 

However, it is not suflicienl to replace 1 convent1o~•i <f~e! 011, qas. 
electr1c1ly) energy source by 1 renewable 1ner9y source le ott•~n a sol1r 
des•linati~r, facility. Twc essential char1cterist1cs of rentwi~lt energies 
•ust be la~en inlc 1cccunl; their high cost 1n~ 1nter•1tlent 1v11l•b:l1ly. 
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• The high cost or rene•able energies is duE in particular lo tte;r ge~e
rally lo~ catch•ent yielcs and oftE~ hostile cli•clic co"titions ~s•linE ~a:ine 

ai:, tro?ical te•per!tures, hurricanes, elt.). f.19~ ene:gv cost reGuires the 
usE of very high-perforsance desalination pro:esses. Table 3 indicates the 
o•der of &ignitude oi energy cor.susp~ion for various desalinatic~ processes. 
As the actual e~e~~Y consu•plior. is closely relate~ le the operalin; condi
tions, nota~ly the trar.sfer gradier.t freverse os~osis press~re. distil!•ti~~

te~per•ture difference, electrcdialysis pol~nliil d:fference>, l•o values •re 
listed fo: each processes: the underli~ed value represents the c~rrent st•te 
cf thE •r!.. 

Solar energy is a discontinuous source. not only bec•~se cf the re~ali~ 
(iylr.iqht cycle tut also be=ause of less pred:ctatie cli~•tic cor.t:tions. So~e 

sei~s •~s~ t~ fou~~ lo ada?t this inler&illent ene:~y sc~rce tc cor.t:nuc~~ 
fres~ •ale• ~·c~aclicr.: the ~igt cost or des•lin•ticn plants saieE it ec0Po,-
1ca?ly 1ndis~ensi~le lo operate the~ or. a 24 hour a diy basis. lisite~ stc~ige 

capic~ly I~ reG~ire~ fc• the diy/ni9ht cycle, •hiie cli~ilic contition5 rec~lre 

gr ea~e: st=: a;e 
•eather. 

pro~;;ctior. . . .. Cl .... E 

Sc!•: e~er9y ~'plied to desal1nalion EiJ be sche~•ticaliy rE~:esente~ as 
rel lows: 

Col!ectors 
Ir.cident 
Energy 

Ster age 

liese!ir.ation 
:1.., ; • 
U:. • -

Fr est. 
tr;,;;te~ 

S!o~i;f 

~t f~rst vie~ the ~zs!illilior. ~:c:es£Es ippea: ~o:e s~it~tle i~r ~se ~~t~ 

scla: erer~v. A ~1slillatior. pli~t reo~ires ~rira·il) t~er~al ene~;y tc ~Ei: 

the sea~a~er lire~ 100 le 4C ~til/,3 cf fres~ ~i:e· depeno1r; or t~E ~!i~l 
efficie~cy .• Morecver, t~is tfter~al e~er;v ~~st ~e s~p~!1et a: re:ativel, le~ 

te~pe•itu:es lge:e~i:;\ belo~ 1~~-1!0'C 1 le avoid scilE p·o~ieti, es~e:1i!!y 

~~l~ tilti~~ ca::~~ate. Under th~se ccn~:tions the the:~il ene:;~ rec;;;re~s~ts 

of a distillatior facilil) car be set by flat sola: c~lle:tors 1f the ;lan: 
cpe:ales a! lo~ te~~eralures <60-70"t~ or by ccncen!ration cc!le:tcrs if the 
unit operates at higher lecperatures l90-110'C>. 

Either Multiflash or •ultiple effect distillation processr1 say be used. 
The •ulliflash technique is the •osl •idely used process in the world at the 
present ti•e, but is not the •est suitable for use with solar energy. ~ high
perforaance •ultiflash facility would require al least 30 or 4C sla;es irplv1n9 
ve~y high aanufacluring costs, especially for small scale unit1. Substantial 
energy is required to r1circulal1 the seawater l4-~ ~Wh/~3), and th& process is 
11c~ing in flerib1lity. Nevertheless, a 10 •3/day ~ultiflash un:l power1d by 
cylin~rical-p1r1bolic solar collectors has been installed i~ ~cwait by th& 
Kuwait Institute for Sc11ntific Research 131. 

Thi •ulliple effect process, or. the other hand, has • nucber cf advantagei 
an~ is better suited to solar energy. Jt allows fleY.itlr operation, has high 
production tff iciency and features low •tch1nical energy consumptio~. 
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• PY!HO~ <a French acrony& for Industri•l Subaer9eti ~orizont•l iutE Prot~
lypel desicned ant bu:lt by the Heat lr•nsfer Service or the 6ren~~lE ~uclea~ 

~Esearch Center 141~ has been oper•tin~ •l the e~periaent•l st•!ior. ir. Toulc~ 
since J9el. It ispleser.ts a aulliple effect process with the follo•ir.9 spe:i
f icalior:s: 

- Operclin~ tes?erature 
- Nu~ber cf effects 
- Protuction capac~ty 
- ihe~•al er.ergv consurplio~ 
- ~e:hanical energ• cor.su•~tior. 

;c:· t 

1 •3 /h 
H· r.cal /F3 

l l:t;hig3 

The r~latively lo~ operatir.~ le~?eratur~ (7C"C! has severa: advar.t•ges. 
&1lo~ir.g sta~dard flat solar coileclors to be used and lir.itir.; s:aie an: 
:orrcsicn protle~s. In conjur.:tio~ with a~ e~ergv stora9f systf~ <e.2. hot 
wateri for continuous operation, the production capacitv is about ~~ ~~/day. 

The spe:if ic grodc:t10~ ratir.; of this ty~e or svste: is on the c~de~ c! 36-4~ 
!itersfr~/day, coa~ared with 3-~ l1ters/~~/dcy for ~ glaze~ distillat:o~ uPit. 

Fcllc~in; this ex~eriE~nta! wori, a 50 •3/day spra¥Ed-t~t~ ~ultip:E 
Effect pla~t wiil bE b~ilt in 1986 in GuidEicupE by thE Fre~ch co•t•~~ EntrcpiE. 

• Fin•lly, ar. If-effect horizontal ··-. 6 
~···" 

co=tr.~!:ic:-.e:! iri ,:.bt..i t:~.a~i ... 19S~ ir; cocpe:-!ticr. tri1itt. the Jc~e~.e~e. Tt'.?£ 
l:~ .~/ca~ plant is sup~lie~ with enE~~) tv 166~ r~ of sclir cciietlG"5 i~i. 

Thf current hig~ :osl ar.d 11~ilf~ ~Ediu~-t~r• dEvE:Q~ae~t ~rcsFects o' 
p~otov~!tiic en£r~y Froduct~o~ aalE ll ap~licable onlv lo desa:1~al:cn ~ro
:essEs ~:t~ verv Jo~ er.Er9y reauireaents sue~ as reverse osr~sis o: e:e:trc~1-

alys1~, ar.d onlv fer t~acl:sh water. 

• Photovoltaic Energy and Eleclrodialysis 

EiEclrodiil~sis ccnsists in inducin9 s•lt ~igration un~E· thE eFfecl of i 

direct current flow. Existir.9 plants are qene~ally SUF?lif~ with re:t1•:E~ A: 
power. Photovoltaic cells supply DC power directly, and thus ·~eear suitable 
for use with this type of desalination process. "oreover, flat sc!ar collec
tors could be used to preheat the process water lo about 45"C, as t~e perror
••~ce of an electrodialysis sysle~ is ler.perature-depetder.t, ir.creasin; al the 
r•l• of abcul 2-3% per degree Celsius. 

., 
An exptri•ent1l unit with a c1pac1ty or 1.2~ r.~th fro~ br1c~1~~ w1ter 

(4 g!l> is now beir.9 luted at Bor.;-Ceeria in Tunisia ffi~crt 1i. 

• Photovoll•ic Energy •nd Reverie 01•01i1 

Electric power is only necessary ir. ' r1v1rse osr.os1s ur.1l tc operatt • 
high pressure pu•p. As ' result, ••jor d1v1lop•enls 1r1 ls~ely i~ wh1c~ this 
proc11s is coupled with pholovolt1ic energy. The power requi~e~tnt i! on lht 
order or J lo 3 ~Wh/•3 for br1cJish water ar.d, 111u•in~ 1n en1·9y r1cov~rv 
~y1t11 is provided, about 5-8 ~Wh/ml for 11aw1ler 
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A 30e s3id•y seawatEr desa!1nat1on ur.il ••s coc~:ss1oned in H?ril l9e! •t 
Jec~it br the Acer1cir. corranie5 r.~tyl-Ticc end ~ater Ser~i~e= Gf Aser1c•. 
Po•er is supF!ied lo this plant onir bv photo~c!laic cells •ilt. • ~ea~ ratin; 
of 6 l.:~ 161. 

~ 5~ s3/d•r braclish •ater desa:inalion plant is s:hed~led to be;ir. o~Er•
tio~ ir. 1966 al El Ha&rawin, E~ypt. 

r.ar.y isiands or co•sta! re;ions rea•?~ unde~elopec for laci ci ar. •~e~~ate 

irest water sup~ly. These reg1or.s are ofter. s•ewt t, t.i~~ •:r.ds. car•~le Gi 
ope~ct1r.; a cesalinaticn unit usin; constantly renewed wir.~ e~er;y. Here a;a1~ 

reve:se GSSjSi: see~= lo be the scst s~it&tle prQcess. 

. c~ ~lanier islan~. 

;e~e:atcr ralec at 4 t~ for 
nee:- ~c:-seii:e. 

a •1n~ ve:cc~ly cf 

-~ ... AEP.t;;~n 

7 5/se~ t.~s 

'l&~ Fe; •1~c-dr~ve~ 
tee~ ~=e~ ty the 

~adiract.e ~uclear ~ese•rct. Ce~ter t~ ocerate • reverse cs~cs:s sec~:te· cesali
natic~ pla~t •itt le~ ener~y ccns~~~ticc, ~rcd~cir.; ato~t 5-i ~~ c= irest ~•le~ 
~e: c•r ff:~ure e; 171. 

• T~e 6ercan cos~inv E~SS ha~ tesle: i li s'/~av reverse ~s~::;s u~il or i 

~~r~~ ~e• ;s!inc, po~erec t• • thrEE-&!•de ~i~c ;e~er•lcr &•~~;•=t~rec t; 
~ii;i~er-H~tler, rite~ at ~~ fer • ~in~ vel~:1lv of ~ ~:se:. 

i r. l~nisia. ES~eC:il~y 1r l~E So~l~. ires~ ~ilE~ C~nstitulE5 i 

prc~le: cf ouantity ii.e. tctal!y u~iva~;itl~: er o~i:itv ~hEiv;li ~~aciist 

~iltr: descile i AiJCr ~ove~r.~e~~-s~c~5~·e~ ~rcqrac cf dr1~~1n;. •iler s~~rlv. 

tani trir.s;-crt5, etc.>. 

~5Si1Jritio~ ~roje:ts were cc~s1der~~ ant several ~li~ts usi~~ 

tic~i! erer9y sourct5 {fuel oil ~· eleclricityl were t~ii: i~:lu~:~; i 

latio~ pl•nls for industrial ~iter sup~!r ir. tt.e 6ab~s re;ior a~d a 4600 
reverse osscsis p!•~t recently co~~issioned on the islant ~f Ker~e~ni~. 

disU!
., ~Ida• 

Ho•evrr, desalination has not been i&ple~enled or. a wider scale for 
various reasons, notably the hi9h cost or desalinated water due in large pert 
to the cost of energy, and the lack of adequate s~illed labor and SFire parts. 

Under thes• conditions the Tunisian r.inistry or Hi9her Educatio~ •r.d 
Scientific Research decided in 198~ le underta~e 1 research an~ develop•enl 
prog~a• on desalination by renewable energy for~s sn coll•bo~•lion w:th 
France. The project is sited al BorJ-C1dr11, about 25 ~& soutt of Tunas: •~ 
e~ptria1nt1l station was built ant no~ include& lhe follo~1n9 fa:ilities 
(fi9ur1 9>: 11~eral prototype gla:eG distillation units; • revrrst osrosis 
1•aw1t1r desalination unit capab!1 o! producing 0.25 •3 oi fresh wattr ~tr 
hour; and an el1ctrodi•lysis unit with a production cap1city of atout 1.25 s /h 
fro• brac~ish wattr with • 1all content of 4 9/l. 
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The energy req~ire~ lo Dret•le these srste~s is provi~e~ fro~ • v•rietv cf 
so~rces: solar r•di•tion for the 9!•:e~ ~astillition ~r.:ts: i J t~ wine 
gener•tors for the pu&pin~ st•tion •n~ • C t~ wind qe~eritor fo; ~ESilinatior 

purposes (both r•tin~s •re effective for w;n~ ve!ocities of i &/sec or higher>: 
• 4 t~ pe•I r•ted photcvoll•it qener•tor; •nd !2~ Y stcra~E batteries with i 

~Q~ A•h Ci~itity. 

The El?erise;.t•l stcti~r- was cifici•l!y ir.•uqurate~ bv fresice~t ~o~rqui~a 
D~ r.iy 2~! 1984. 

At the ~:esent ti•e it •o~lc 

ti?i~ity dEs•lin•t;on raci!;ties 
.;nc e~er~~ icr l•c &ajor :eisons: 
reiicbililt er suet syste~s bis ~ol 

bE cr.re•!istac t~ tcr.sice- ~~:!cir.; t.i~~ 

~e.;. 10 GOO e~/tayi cperilin; c~ ~ciir c: 
the investse~t c~;ts •re t~~ hiq~ -~~ l~e 

bee~ Ce~cnstr•le:. 

Cn i s~alier Stile, hcKeve:, fres~ ~ile~ p·o:wcticr fro' tr•t•:sh ••ter ~r 

sea~•te~ ~av be co~sideret us:n; sGlar •~tic: ~:n~ er.er;~ IF:;~re It:. If the 
iresh •ite~ re~wirecent ~oes r.~t e~ce2~ a feK c~tic aetE:i pe: ~iy. d;re:l 
sc!i: dEiilinaticr. ir. a 9!•:Ec dis!illat1cn ur.:t 15 &r iltr•~li•E s~lutio~ 

e5;eci•ll~ •hen s~illeC la~or is unav&il•~lE. SEawitE~ coulc be p~=;e~ ir.tj 
l~c ur.it t• ~ir.c ene~qy. T~e dra-~acJs of t~1s scl~tio~ a·E t~E lcr;e s~rfa:E 

•=e• recw:·e~ an~ tte l•c• c! i s:a!e eiiecl fer ;•r~e~ u~1::. 

~erv (iff;:ult le esti~•te the ccst oi s~:t s'ste~~. tc~e~e·. is c~:v ;r~:cty;e 
urits are ~o~ ir. o~Eratior. ant the:: c~eri!1r.; ccsts •=e ~~,~~a~. i~ ar\ czse. 
the cost per cut:c sete· ci frest ••le~ crc~~=e' 1r tr1s l:a c~c,~:t;cr ra~~e 
re~ains h:~l! an~ a aajD! :esearch eifc~l ~~el tE u;terlaie~ •.. cr~er tc 
;rG~ide i 9cot c~alitv •ate: su~~!v al reaso~abiE cc:t tc the oc•~!•t:crs c• 
a·id •r.~ se~~ar1~ re~1ons. 

CONCLUSIONS 

- lh1 FYTE~N project l&uitiplt effect d1st:llaticr. •it~ ilal sclar colle:lcr~>: 
tht sol•: di5lillatior. un:l al Abu Dhati 112~ el/ta~ •1th 16~2 w: of sclar 

colhclors); 
- th• tor1-Cedria proje:t in Tunisia; 
- revtr5e os•osis units powered either by wind 91neratori or photcvclta1c cti?s. 

In each c1s1, th1s1 have been de&cnstralior. er res1arct -~~ d1v1lopeent 
pro,e:t1. Further dtv1lop•t~t or these tech~Jqu•s •Ill te ~Cli:tlt o~iv wht~ 

two obslaclts are ov1rco•1: one is a techr.sc•l ~robl1~. the ct~•r 1s t:onoe;c. 

• Technical Probl•• 

The d1s•lin1tion units •ast be r1l1able d1s~1t1 1;tr151~v srvere o~rr1t1n9 
conditior.1: very high t1&per1tu,11 (5o•c in tht sh1d1i, 1 co~cl1t1 1bs1nce or 
t1chnicil support, 1~c. 
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At first v:e ... tt.is •o~ld seec to be •r. a;~~£E~l ir. fa•or o~ si•?IE devices 
such •s sci•~ distill•t1c~ ur.ils. Hc•ever it ••r be E=;e:te~ th•t •~re :o&r.le) 
systecs s~~h as sultiFie-effect units cDUFled •ith sol•~ ccll•~lors! or reverse 
os&csis units powe:£~ bf •ind ~eneralors or photo~e1ls •ill react. &ccept•blE 
reliabilil\ ir. lt.E ne•r future. Television sets •n~ re!ri9erators •re nc• use= 
with nc Fr~~le&s ir. the aost resole re~ions~ fc; e=a&~!E, but lh;s de9ree o: 
reliabilitv ••s n~t •~hieved over~ighi. 

• Econoeic Proble• 

The ir.vest&e~l costs fo; sol~r desilir.atic~ •~• currer.tly tee hi9h. 6;ve~ 

tt.E hill'" -ost cf re~etoit!E El!HIJY sourcEs <ir:""e;t~cr.t co::ts cnce ·~•ir·i ! i! is 
indiSPE~sie!e l~ ~SE thee ~itt. hi~h pEricr~•r.ce fi.e. lo~ er.e:~v-cvr.s~&in~ 

desilir.•ti~r, syste~s •~i:t. arc inevil•tlv sere e~~e~sive. 

Ir. ca~y cases! ho~eve:~ the protle~ is net thE a~se~ce or fres~ •cter ~wt 

a la~i c: so~e~~ •~t the hi~h intErest :ates i~ re:e~t years d~ net e~cou~a;E 
the de~elo;cent ci nE• tect.niGues. 

1~ ot~e~ ~er~=! it cay be po~sible tc de~o:-:strcte th•~ il the 
prite: sc!ir desc~ir.iticr. :s Ci?•tle c: prDcwc:~; frE5~ ~•ter it i 

preser.t oii 
C05~e~:t1>E 

:'!c~ •!ic~c price over • !~ c~ i0-yecr fE~lo~. U~iortunitely! t~e c~5torer 

the in•est.re::t. 
r - .. ..... 

it c•~ cnlv be hoc£~ that 0~9o;n; researct ~~tt cicse co~pe~atic~ b~t~eE~ 
the p:ccwc:tt; co~~lries ir.d the uti?1zir.; ccwr.~ries ~:;l bE ct!e ~c sclve t:tt 
crcblers •r~ develc; re!ii~le solar desalir.•l1cn ~~its ct •:ce~t•t!e co5~. 

l ! I Nitw, O.t.. 6:,;~c· 1. 

A~•~~a ~~~~~it. ir.~ii. 

Des•!init1~~ •~d ~iler 

~.D. in~ 6~~lile. S.~. ~~:c· ~ist:!ia!ic~ Fli~l i~ 

Ir.: ~roceec:n~: cf t~e ir.te·~ct1or.i! Ccn;re5~ o~ 

~fuiE. Octot:.e~ 2!-~7. !~7~: t•:ce. Fra~:e. 

121 ~e!ya~~:s, E.E. •n~ nelyann;s. ~. Ecc~~:ics c= S:ic: St1:ls. re;il;na
t :c.:-:. ~;. Ic;e~. 1c-11t. 

131 Kries:, R.E. Des:gr. 1r.d Dperatin9 E~per:e~ce ~it~ Sola~ Pc•Erec r.~:t1-

1h9e Desalination Phntl. Deulinatior., ;2. 19Ei: lv~-llt.. 

141 Sclar uesalinat:on: •pvTHO~· Deron:ier, J.C., Lauro, F. and Ployart, P.. 
Prototype, a Speciil Solar ftultiple Effect ~islill1r. 
1 'i'e1~ 111-123. 

l~I £1-Nuhar, ltli "· 
l9SS; 2:7-234. 

lieulinat.ior., 

16! Crutc~1r, J. Fsrst PV-fow1red D1salin1tior. Ur.it toa~l1les One Vta~ or 
Continuous Opar1tion. "odern Pow1r syslt~•! r.•; !~E~. 2e-3Z. 

171 "aur1l, A. En1r9i1 1olaire et d1ssal1•tr.t de 1'1au de &tr. La techr.sque 
de l'1au, !~Q:!~l, Oct-Nov 1982, 17-26. 
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Table 1: Ir.st•lle~ ~orld Desalin•lior. C•p•cily as or 1/1/199( 

l~STAllED C~F~CIT¥ 

T'ifE CF FR~CESS 

&isti l htior. 
F!•sh 
r.:s~e!lar.eous 

s '16{• ooc 
62" ooc-

Pro:es;e5 

r.e~~ · i!lE 

f'ro:EHf!E 

lteve:-se . sEi11o;&=ter 14(; 0{;(! 

:>5~~s•: . t!:•~t.ish •• t e~ ~ 2(•{• C•C•O 

Eie~tro:hi!ys:!E 46(• (1(1(· 

9 l(;{: OC·~ 

Ti:::le 2: ~e:c!1r..;t1c~ C=sa ior Solar Stlll 

H~E~•~e ~~=ccctio~: < !itE~s/~2/diY~ i.e. !.2 r.31~2;ye~" 
F1na~~i~;: %~years at 101 !•~n~:tr = 13.!l: 

·"!i• 

' c: . . .., .,- r ,.,, . ., 
r ... 

-:~· 

l {r(· 

--------------------------------------------------------------------------------
f'IHiDUC ";'Io~; 

t4FA:I:,.. 
< llF: E" ; 

ItNt:~T~E~i 

ccs: 
<French Francs> 

--------------------------------------------------------------------------------
~ l S" /fhy 

.. 
Distillers t FF 250/•' 
D:slillers t FF 500/•2 
Distillers I FF 10(10/•2 

62 500 
125 500 
250 500 

;7 
54 

106 

--------------------------------------------------------------------------------
Oislill1rs I FF 250/s2 
Distillers t FF 5CI0/•2 
Distillers t FF 1000/•2 

625 ooc 
1 250 (1(10 
2 50~ ON• 

-------------------------------------------------------------------------------' 

50 a31t.1~· 

, < 1250(1 aP> 

011till1rs t FF 25~/r.2 
Dislill1r1 t FF 500/aZ 
Di1lilltrs t FF 1000/•2 

--~--------~------------------------------------ -

~ 12~ 0(1(1 
6 250 01)0 

12 5C•O 00(1 

~7 

54 
l (18 

------------------------------
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Ttble l: Coap1r1tive Er.ergy Requi~E&Enls of V1rious Des1lin1tion ProcessEs 
Assu~in; the Pri&•ry Ene~qy Source is Fuel Oil 

<underlined v1iues re~rese:.l current sl1te of the •tll 

DESALINATION PROCESS Required enerCJY Aaount fuel kg/al 

lh/•l+tWh/•l Sing. purp. Doub. Purp. 

MOLTIFLASR b~io B 70 + l ~ 3.5 -
DISTILL. M3LTIFLASH Ratio 14 40 + 5 5,65 2,B 

MULTIP. EFFECTS (7) 90 + 2 10,4 4 - -
MULTIP. EFFECTS (12) 60 + l 6,25 2.7 

PROC. Steam comprUl t,tts•c l• + 16 4 ~ - - -
S~ea111 comprf~>. ~!l•c 0 + 12 4 4 

. 

RO seawater. no recov. 
(60 bar> 0 • 12 3 3 - -ME:f'.BRl.t.'"'E RO seawater + recov. 
(60 bar) 0 + 8 2 2 
RO bnck. 2.59/l water 
(40 bar) 0 + 3 ~ 0.7S -

PROC. E:> seawater 1.2 volt/cell 0 + 30 7.So 7.so 
ED brack.2.59/l vat er 
1. 2 volt/cell 0 + 3 ~ 0.7S . 

(1) Single effect ltO Reverse osmosis ED Electrodiaysis 



11 

COUNTJlT 
oa1ly Production 

" ~n al -
KIDDLE EAST 5 700 000 61 

USA 1200 000 13 

AFRICA 600000 6 

EUROPE 450 000 s 

CAJtlBBEAN 300000 3 

BONG JtONG 183 000 2 

USSR 150 000 2 ' '\ 
' 

JAPAN 140 000 2 

GREAT BRITAIN 61 000 , 
MEXICO •SOOO 1 

SOUTH AMERICA 30000 , 

~ 
I . I ' . , I ' I I I 

I I I : 

' I I I 
I 

' I 

AUSTRALIA 9000 1 

• I 

\ 

' 
I 

\ 
\ ' 

I 

\ \ 
I 

\ \ 
\ \ \ 

I 
\ 

\ \ 
I 

MISCELLANEOUS 532 000 c 

TOTAL ~400000 100 

F19~re l: ~~rlc~ide Distr1bwl1or. of ~es&1ina~ed Waler ~rod~ct~~r .. 
~ 1~00 •~/day as o! January 19&4 
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BLACJt SCJtFACI. I I SALINE WATER 

Fiqure 2: Schualic RepresenhliD;"I of a Solar Still 

\leek bottom aurtace ' 

Fi~ure 3~ Cascade Distillation U~it 

..... , •• -.=l~it;~:::::9aeJ~=;..,.. lpllower 

Dletlled w•t•r Support 

figur1 4:, Sph1riul Distillation Unil 
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DESALINATION IY RENEWAILE ENERGIES 

• 

LOW PRODUCTION CAPACITY HIGHIR PRODUCTION CAPACITY 
c-.. to t •31d•J) ( t • 100 "''' ... ,, 

WINDIWIPT llTE I r IUNNY llTE I 

SEAWATER I IRACIUIH WATER I 

,. . , .. ,, 

REVERSE MULT•LE• REVERIE OSMOlllll 
OIMOlll EFFECT OR ELICTRODIALYSll 

SOLAR ITLL + + + 
WIND SOLAR PHOTOCILL GINl9'ATOll 

\ 
GENERATOR COLLECTORS 

Figure 10: Solar DP.salinalion: 
Ran9~ of Applications and Choice of Techniques 

. . 
'· ' . -
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Water ia tending to become a rare resource due to increasing consuaption 
and more widespread pollutiion. Are we 90ing to have a water crisis or should 
we be less pesalaiatic and simply take stack of our available resources and 
aanage thea? Aa tbe exiating fresh water reserves are not liaitless. even when 
purified and recycled. vhy not attmmpt to extract fresh wat~r froa seawater. 
which is in abundant supply? •orinking seawater• is not a new idea as the 
Greek aariners were already well Yersed in the art of •boilin9 sea~ter• in 
the third century BC. EYen Aristotle explained this natural phenomenon as 
follows: vhen se.vater evaporates. it is transfo:n.d into freshvater and after 
coodensation it DO longer has a Alty taste. 

Today over 10 911.llion cubic meters of freshvater are produced fromi 
M&vater every clay ... indicated in PIG. 1. 

• 
I 

7 

• 
5 

4 

2 

1 

· nG~l - .ICCUllULATED WOIW> CAPACift OF DESALINATIOH PLANTS 
QR .JARUART l OF EACH YEAR. 

I 

' 
I I ; 

I I I . 

YNr Acc...,hted -rld 
cao.cfty t• •3/dl.Y 

1812 200 000 

1113 250 000 

1H4 aoo ooo 
I I i 1115 325 000 
I 

I I 
,....__ 

I I I 

nae no ooo 
1117 570 000 

1811 100 000 

1919 115 000 

1170 t tSO 000 

I i I 
! ! 

i I I V I I '-t I ·1. I -~ . 
I 

. I . I· 
I v I I 
: 

~ 

' V"' I i---" ' - -

1171 1 210 000 

1172 1 350 000 

1173 t GOO 000 

1174 t HO 000 

1175 2 100 000 

1179 2 120 000 

1977 3 115 000 

1178 4 HO 000 

tt71 I 200 000 

1110 • 900 000 
1140 10 10 70 10 1111 7 410 000 

Y•r •f •rder 1112 I 000 000 

u1i • 700 000 

1114 1 •oo ooo 

The aia ot this report i• to review the processes currently available and to 
qive an id•• of their cost. It •hould, however, be stressed tti.t it i• very 
difticult to analyze the coat with sufficient accur•cy without tr••tin9 ••ch 
ca•e individu•lly and takin9 into •ccount the local condition•. 

I . 
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a) Technical factors 

• Salinity of the vater bein9 processed. i.e. seavater or brackish 
vater. The salinity of seawater can even Yary from lS 9/l in the Atlantic 
Ocean to 55 CJ/l in the Gulf of Arabia • 

• Salinity of the processed vater. i.e. drinkin9 v.ter or Yery pure 
vater for industrial usa~. Ewen vhen producin9 drinkinq vater by reYerse 
o..osis. one or two sta~s .. Y be needed dependin9 on custoaer require.ents 
for a salinity not exceedin9 500 ag/l or a level between 600 and 700 ag/l • 

• The physical properties of the water, i.e. cloudiness, suspended 
.. tter, vhich can, especially for reYerse OSllOsis. entail Yery complex 
preprocessin9 when the saevater is hi9hly polluted or, on the contrary. no 
preprocessin9 when the water is •ery pure, e.9. submarines. 

• The cheai.cal properties vben the water bein9 processed is brackish, 
i.e. hardness. sulphate content • 

• The workload. e.9. a facility deSi9fted to operate several weeks per 
year can have a relatively lov output vith a lower initial investment • 

• The extent of the automation and control. In a small plant. 
installin9 equipment for measurin9/recordin9 the processed vater pH, 
t•perature and resistivity can ·.ead to a substantially hiqher investment • 

• Ener9Y source available. 

• Capacity of plant. 

b) Economical factors 

• Cost of ener9Y, e.q. without cost on an offshore platfora, quite lov 
in the Middle East but extremely hiqh at isolated sites. In socae 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 cheaicals, i.e. whether aianufactured locally or subject to 
110re or less lonq-distance shippin9 • 

• Variations in exchange rates. This primarily affects the reverse 
osmosis modules, almost exclusively produced in the USA and for which accurate 
cost esti•ates cannot be 9iven due to the fluctuations in the exchange rate of 
the dollar. 

• Inflation existin9 in most countries in the West and in the Middle 
Z.st countries • 

• F&nancin9 terms, i.e. interest rates • 

• Cost of .. npover. 
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Efta for indiwidual cases. theu cost• an ..-ti.es difficult to ettiute. A 
caH 1a point is the LP ate- in a dual purpose plant (vater + electricity)• 
who• cost vill depend on bov the costs are di•ided out between the vater and 
electricity. 

In this type of context. the cost fi4)Ures 9i..-n in this report are only 
intended to 9ive •n order of aaC)ftitude for arbitrar!ly selected conditions. 
vhich allovs the Yarious processes to be compared. 

As a larp part of the aarket is located in the Gulf R~ion (Saudi Arabia. 
Olaion of Arab Eltirates. Quatar. Iran. etc.). oar estiaates. especially for 
distillation. are walid for the lliddle Eatt context. 

' ' 
.· I 

WORLDWIDE DISTRIBUTIOR OF DESALIMATIOll PLANT McOOUCTIOll 
Ill 11l /DAY ( JAllUAU 1984 J 

COUNTRY 
oa ~ . I ily h ... uct1~~ 

in al. 

MIDDLE EAST 5100 oon 

USA 1200(J00 

U'JllCA 600000 

EUROPE •SO 000 

CARIBBEAN 300000 

HONG ICOllG 183 000 

USSll 150 000 

' '\ JAPAN 140 000 , I '\ 
GREAT BRITAIN 61 000 I I I : ' I I I I 

I I 
I I 

MEXICO 45000 

' • • SOUTH AMERICA 30000 

-'---J 
eriC::a AUSTRALIA 9000 

• • 
• ' ' 

, 
\ ' ' 

, 
' ' ' I 

' ' \ ' 
, 

\ \ \ ' 
I 

' ' 
I 

' 

MISCELLANEOUS 532000 

TOTAL 9400000 

I 

fIG. 2- GEOGRAPHIC DISTRIBUTION OP' DESALINATION PLANTS AS or JAN 1, 1984 

~ 

61 

13 

6 

5 

3 

2 

2 

2 

1 

1 

1 

1 

4 

100 
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t·- DESALINATION PROCESSES 

An author t..s recently counted 27 different desalination processes but. in 
fact, all the racilities in use are based on tvo .. in .. thods. i.e. 
e•aporation processes and the .ore recent ..-brane separation processes. The 
world desalination production capacity as of January 4984 is 9iwen in Table 1 
for the •aricus processes. It should not be forCJOtten t~~ the •aloes for the 
... brane .. thods •pply to brackish vater. vhich has a salinity level 
(qenerally 1-10 9/1) belov that of seawater. The mean ocean salinity is close 
to 35 9/l. 

Type of process Daily production • 
iD al 

-
Distillation Flash 5 980 000 _, .. 
processes Miscellaneous 620 000 _, 

Total for distillation 6 600 000 -10 

Membrane Rever~e } • Seawater 140 000 1.5 
processes osmosis • Brackish vater 2 200 000 23.5 

Electrodialysis 460 000 5 

Total for llembrane 2 800 000 -10 

Overall total 9 400 000 100 

TABLE 1 - WORLD DESALINATION PRODUCTION CAPACI'lT AS OF JAR 1,1984 

1.1 - Distillation processes 

1.1.1 - Sinqle and multiple effect distillation 

The first industrial freshwater distillation plants were introduced on 
ships at the same time as steaa became available. Most of these vere sinqle 
effect boilers with a buried core where the seawater was heated in a sealed 
chamber by an array of tubes iDDersed in the seawater and carryin9 stea•. The 
steaa 9enerated vas condensed on another tube array carrying cold seawater in 
the upper part of the boiler (FIG. 3). 
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FIG. 3 - SINGLE EFFECT EVAPORATOR 

extracted 

This type of plant has a hiqh pover consWDption of about 600 theraies (600 
X 4.2 X 10 6 Joules) and is cnly feasible if lov cost energy is available, as 
on ships where simplicity is of prime importance. It Mas therefore absolutely 
necessary to iaprove the specific consumption of this type of evaporator and 
this vas achieved by usinq multiple effect distillation. The boilinq 
temperature is known to vary with pressure and the condensation heat of tne 
steaa qenerated in the first chaaber can thus be used to heat the heatinq 
array in a second chaaber at a lower temperature and pressure, and so on (FIG. 
4). 

Steaa 

St••• from water Steam frC1111 water St••• from water 

---- -

Distilled water 

Seavater 

Condensate lrlne ' Distilled water 

FIG. 4 - MULTtPLE EFFECT DISTILLATION ' 
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Only tvo of the seYeral aultiple effect evaporator variants vill be 
discussed belov: wertical lonq tube evaporators and sprayed horizontal tube 
aultiple effect evaporators. 

1) The vertical tube evaporators (VTE). vhich vere patented by the French 
fir. Kestner over 60 years aqo. spray seawater froa the top of aulti-tuhe 
arrays in a thin strea• dovn externally heated excban9e tubes. The bottom of 
the unit collects the brine. vhich is fed to to the upper half of the second 
unit. and the steaa, vhich is used for heatin9 the second effect. Althou9h 
this .etbod has the advantaqe of producinq hi9h heat transfer coefficients. it 
bas not as yet succeeded in takinq over the desalination aarket. 

2) The horizontal tube aultiple effect evaporators (B'l'ME) are a more 
recent developaent and only became industrially available about ten years aqo. 
They consist of horizontal tube arrays internally heated by steaa and 
extemally spray-cooled by seavater(FIG. 5). 

EJECTOR 

-

r--....-
I/\\ '"' 1/1\ ,,,. SEAWATER 

\. • t EFFECT 2nd EFFECT 

' ' • 
' ' • \ • 
• • so•c. 

FRESHWATER 
BRINE REJECTS 

P'IG. 5 • HoRIZONTAL SPRAYED TUBE TWO EFFECT EVAPORATOR 
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l.l.2 - Successive expansion or flash processes 

This process v.a .. inly developed froa 1950 on vhen scalin9 probleas vere 
encountered on the exchan9e surfaces in buried core evaporators. 

In distillation by successive expansion • the seawater is kept pres5urized 
throuqhout the heating period. thereby reducing the liklihood of scalin9. It 
is then fed into a chaaber at a pressure belov the saturation pressure, which 
instantaneously causes vaporization throu9h expansion. Part of the vater 
evaporates. condenses out on the condendser tubes and is collected in 
containers (FIG~ 6). 

The first industrial plant using this process vas built in Jtovait in 1957. 
Since then the use of the process has qrovn substantially. aainly in the Gulf 
countries. and today it alone accounts for 65\ of the installed desalination 
capacity (Table l). 

-

Preheater 
-+

Reatinq 
steam 

FIG. 6 - SUCCESSIVE EXP\.NSION OR FLASH DISTILLATION 

~ F:-eshwate:-

Overall the aultipl• effect aeth~s offer various advantaqes over the 
flash process, i.e.: 

• Very hi9h operatin9 flexibility vith trouble-free production variations 
in a multiple effect facility runnin9 from 15 to 100\ of the rated capacity. 
This ls not economically viable vith the flash process • 

• A liauch lower brine flowrate resultinq in reduced en•r9y requirem•nts f'>:
pwnpin9, i.e. 2-3 kWh/al for multiple effect and 4-5 kWh/ml for flash • 

• laproved aafety frO!S th~ standpoint of ~e processed water Hllni~y 
•inc• a perforated tube in a ll!Ultiple effect t•cllity will only inject steam 
into the •e•vater. 

However, for the llO .. nt the fl••h process i• 1110re videlv used, eJ?ecially 
•1nce it h•s the advanta9e of hither unit yields, •·9· over 30,000 • /day. 
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1.1.l - Ca.pres•ion of •tea• (FIG. 7) 

In thi• -thod. the water beln9 desalinAted is boiled in a theraally 
insulated ch&llber. The st. .. is ca.pressed adlah.tically. vhich increases its 
nturation tuiperature. and then c!irected throuCJh a tube array v~re it 
condenses and causes the Havater to boll. 

The steaa can be caapressed by: 
• Stea• ejectors. C.lled theraal coepression. this aethod is only used for 

lov capacity facilities due to the poor efficiency of the ejectors • 
• or br axial or centrifu9al ca.pressors. This mechanical eo11pression is 

employed for capacities of se•eral thousand al per day but it is as yet 
liaited b'f the technol09ical proble.s inherent in the construction of lar9e 
compressors. 
Be•ertheless numerous facilities of this type are in operation throu9bout the 
vorld in ships. 111.litary h.ses. ...11 islands. etc. 

Compression of steam· 

Distilled 
vater 

---

FIG. 7 - COMPRESSION OF STEAM 

-· 

Brine 

:Extracted air 

Seavater to 
be distilled 

Principle of operation 

Hollier Diaqra11 
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1.2 - Meabrane processes 

Instead of extractin9 freshwater fro. seawater by evaporation. selective 
.. .t>ranes .. y be used for separatinCJ the water fr09 the dissolved salts. These 
aethoda appear at first to be attractive •• they should be able to operate at 
a.-bient t-perature and do not inYOlve any pMse chan9es. The- two ae.-brane 
aethods commercially available are electrodialysis and reverse osmiosis. These 
processes were initially developed prilurily for brackish water, which has a 
lower salinity (i.e. qenerally 1-10 CJ/l) than that of seawater. This type of 
water is very conaon in North Africa. the Middle East and certain reqions of 
the USA. 

1.2.2 - Electrodialysis 

Electrodialysis, the oldest .. .t>rane process vith the first plant datin9 
froa the 1960s, eliainates the salts dissohed in the bra._kish water by ion 
llil)ration throuqh selective aeabranes under the action of an electric field. 

I ..... Drl•tt .. --1 
C: ..-rue _;_c_._..--_..._.......,...-A ....... ..,cr-!._A ...... .t...,A . ...-rane 

~r11e1ble Cl ,.,..able 
t• catfen te 1nfens 

+ 
Na 

Brac!tfsh -+-+-_...__.. _________ i · 

water 

~ECTROOIAL. YSIS 

+ 

FIG. 8 - Principl~ of desalination if salty vater by electrodialysis 

Sulphonic polystyrene ion exchanqe me•branes are used for the cation 
exchange membranes and quaternary aaanoniua for the anion exchanqe •embranes. 
The membranes consist of 0.2-0.e .. thick sheets and have an operatinq life of 
about 5 years. 

The Soviet Union has been aainly reponsible for the developaauent of this 
process and operates nwaerous pl.Ants ~inly in the dry southern reqions. Since 
1960 the Alnerican company Ionics has installed 110re than 1000 electrodialysis 
plants with a total daily yield ot approxiaately 460,000 al, mainly in the 
Middle East. 



- 10 -

1.2.2 - Reverse Osmosis (FIG. 9) 

'nae principle of 0S110sis uses a recipient di•ided into two caapert-.aents: 
one C'Ontains pure vater and the other Alty water. A pressure difference is 
generated across the .. abrane and the pure water vill then diffuse into the 
salty water. The resultiftC) difference in level •.s a measure of the os.otic 
pressure across the aeabrane. 

tf a pressure 9reater than the osmotic pressure is applied on top of the 
salty water, the diffusion vill occur in the opposite direction and pure vater 
vill thus be extracted fro. the salty water. This is the principle used in 
rewer .. osmosis. 

The osaotic pressure is proportional to the dissolved salt content • 
approx. 0.7 her per graa/liter of salinity. which means about 25 her for 
saevater. To obtain adequate flovrates, the applied pressure aust be 
considerably higher than this theoretical value and for 1Mavater a 60 her 
pressure is currently used. 

FIG. 9 - PRINCIPLE OF REVERSE OSMOSIS 

rMEMIRMES 

{J ~11-
CIJtCEMTRATEDi.----e ~CJISOl..cr::r:cr 1_ I 

SOLUTICJI ' :._ 
" .. 5 

HaO ~ ~ H 0 
~·= ~ 

T 
~DILUTED SOl..UTICJI ---J 

OSMOSIS REVERSE OSJi!OSIS 

i.e. 

The key element in this method is the permeable membrane, of whic tvo 
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 Loeb and 
Sourirajan 

successfully produced as)'111111etric 111embranes with high penaeability. 
C.:llulose acetates are derived by acetylation usinq •cetic anhydride and 
sulphuric acid. Althouqh these •embranes have good selectivity and 
permeabulity performance, they do feature certain drawbacks: 

- Sensitivity to hydrolysis phenocaena (the acetate functio~s are 
progressively replaced by Off qroups), which entails operatinq at a pH between 
s Hd 6. I 

11 I -LI l,_I _...J.._!.,_ _________________ .... 
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- Sensiti•ity to compaction, which results in pr"C)ressive decrease in 
the flow due to the pressure difference. 

- Liable to deterioration due to becteria and operation above J0-35 •c. 
This explains the considerable past and current research pr09raas for 

110re resistant aaterials. 

b) Synthetic polyaer membranes 

The first non-cellulose membranes marketed around 1970 by the American 
ca.pany Dupont de Nemours were .ade of aromatic polya•ide thinvall U.bres with 
a 40 aicron ID and a 80 aicron OD. The chemical c:oeposition aeans the 
ae.branes are very stable and can be employed in areas vith pR • 1-11. The 
.. llbran•• are COlll9ercially available in modules: PERMASEP 89 for brackish 
water processin9 and PEP.MASEP 810 for seawater desalination (F:~. 10). 

Other aeabranes, such as amide polyether, urea polyethe~ and 
polybenzi."11!.dazolone, are also marketed. 

FIG. 10 - THINWALL FIBRE MODULE 

THINWALL .c' ::_1BRES 

_.....-- -=- -=--

~l, I ~~ECTED 
WATER ~· ::: < ( ·~.~~ 
WATER~ 

~EJECTS 

- OUTLET 

l.J - Water quality frOftl the various processes 

l.l.l - Water quality from distillation 

The demineralized water produced by distillation is extremely p11re (10-lC 
919/l) and its salinity for domestic consumption is even too low (FIG. 11> and 
aust be increased by adding aineral salts to approxim.ttely 300 1119/l. 
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FIG. 11 - DESIRED SALINITY AND CALCIUM COMTENT FOR DRINICING WATER 
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Salts can be added by_aixinq the distilled water vith brackish (vhen 
available). This procedure: 
• enhances the utility of the brackish water, 
• reduces the desalination costs by increasinq production. 

l.3.2 - Water quality from membrane processes 

• Electrodialysis 

... ...... 
D' 
E 

c ... 
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H 

~ 
.c 
u 

With electrodi~lysis it is difficult technically and economically ccstly 
to produce demineralized water vith a salinity less than 300-400 m9/l. 

This procedure is mainly suitable for domestic purposes. 

• Reverse osmosis 

With reverse osmosis the resultin9 water salinity primarily depends on the 
membrane selectivity. For seawater, membranes vith a selectivity of rouqhly 
99' are used and water close to 400 ppm is obtained from 40 9/l seawater. The 
••mbrane selectivity for brackish water is around 90\, producin9 water with a 
100-500 •9/l salinity vhen the brackish water salinity is between 1 and 5 q/l. 
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2 - DESALINATIOM ENERGY REQUil\Elt£9TS 

2.1 - Miniaua desalination •ne!]Y 

EnerCJY is necessary for con ... rtin9 aeavater into freshvater: the:n..l 
enerCJY for the distillation .. thods. electrical energy for electrodialysis and 
solely aechanical energy for reverse OSllOsis. If these processes operated as 
reversible processes. each of thea would require the $aae energy for 
desalination. 

For seawater the lainimm power requirement is o. 7 kWh/al at a zero 
conversion ratio where the conYersion ratio is 9iven by: 

Amount of deaineralized vater 
conversion ratio • 

Amount of vater input into plant 

FIG.12 shows the Yariation of the ainiaum desalination enerqy requirements 
vith conversion ratio and the salinity of the water bein9 processed. 

J 
I 

Minimum desalination energy 

Kwh/m3 

; ------1 . - --

J_ 
3· ---------

J_ 1M (approx. 60oOOppm) NaO 
I I 
: . 
: 

i 
' 

1 __ O.SM (approx. 30000J>Pm) NaC'!..I ,.....ir:::::~------:--

1 
0.1M(approx. 6ooOppm)Na0 

Conversion ratio(\) 

FIG. 12 - MINIMUM ENERGY REQUIRED TO PRODUCE l • 3 or FRESHWATER 
FROM SALINE WATER (25 •c) 
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2.2 - Energy required in practice 

In practice the aaount of energy required is auch qreater than the values 
given above for two aain reasons: 

a) To operate a desalination facility in conditions of reversibility 
would necessitate an infinite exchan9e surface Cheat or aatter). Consequently 
an optiaua economic tradeoff aust be found between the capital and energy 
costs, as indicated in FIG. 13. 

b) In addition to the ener9Y for the desalination process, energy is also 
required for the ancillary equipment, i.e. pumps. 
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FIG.13 - OPTIMIZATION or A DESALINATION UNIT 
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2.3 General case of flash process 

A desalination plant based on the flash process has hi9h operatin9 enerqy 
require.ents that are distributed as follovs: 

a) .. inly for lov pressure (2-l bar) steaa used to heat the seavater, 
i.e. o.oa-0.15 tonnes of steaa per al of vater produced dependin9 on the 
facility's efficiency (FIG. 14). 

550 
O• 

R 

where Q is the aaount of heat required in theraiestml 
and R is the efficiency of the facility. 

The efficiency of a distillation unit is norWially 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 kWh per 
ml of freshwater produced. In the recirculation flash process the seawater 
recirculation pump consumes a lar9e part of this enerqy. Fer instance, each 
22,500 ml/day unit in the ltovait plant built by Gedes includes a ]600 kW 
electric pump qenerator. 

,;- I < 200· 
• • .... 
E .. 
• .s: 

" 150· 

;:; 
0 .... 
" f 

100· • c: I c 
u 

~ .. • c 50· .., 
I 

I 
0 i 10 1S 20 

Ratio ot tonnes of water to tonnes of stea~ Cat 130 •cl 

FIG. 14 - DESALINATION IY DISTILLATION: 
VARIATION or ENERGY REQUIRED W?'nf EFrICIDIC"! RATIO 
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In certain cases. turbopuapa operatin9 vith mediU8' pressure (0.020 
tonne/al) ateaa can be used. 

c) S..11 aaounts of 19ediua pressure steaa and s~e•• ejectors are needed 
for the partial vacuua in the desalination facility (2-1.10-l tonnes/al). -

2.4 - Reverse osmosis 

The enerqy requirements for reverse osmosis depend on the extraction 
ratio. the operatin9 pressure and the pump efficiency: 

where " • Energy consumption ).n kWh/al 
6 P • Pressure in bar 
Y • Conversion ratio 'p • Pump efficiency 

Generally the brine circuit is expanded throu9h a valve vith the ensuinq 
losses in enerqy. However, the expansion of the hiqh pressure fluid can be 
aade throuqh a turbine. Let P' be the module pressure loss and turb the 
turbine efficiency, then the enerqy recovered W turb equals: 

\l" __ .;...._ 
turb - J6,7 

(P -~P') h c! - J) 
"/turb Y 

Bence the actual enerqy consumption is: 

\\" = U' - U' . turb 

The decision to use a turbine aust be based on a comparison of the cost of 
the annual payments due to the additional investment and the cost of the 
energy recovered. The characteristics of a turbine pUllp, developed by the firm 
Guinard and recoverinq about 43\ of the incident energy, are qiven in 
fiCJUre 15. 
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2.5 - Self-contained and dual-purpose f•cilities 

The distillation processes uain9 ther.al ener97 (flash, YTE. llTME) employ 
910st of it at a relatively lov lewel •• technol09ical factors. especially 
acalin9 probleas, liait the seawater temperature to 110-120 •c or below. It is 
thus 109ical to use de9raded beat and connect the distillation to an energy 
9enerator (FIG. 16), provided the electricity and water needs are comi:atible. 

The BP steaa is initially fed throu9h the turbine to generate electricity. 
The expanded stea• (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 hi9h 
capacity ain9le effect thenial distillation plants, vbicb burn oil to distill 
seawater. As far as we knov the only hi9h capacity plant (180,000 al/day) 
is at Ron9 1Con9 and it vas scheduled before the energy crisis. currently 
desalination plants outputtin9 over 5000 a 3/day approx. (1 MGD) 811~ be 
associated with electric power s~ations, i.e. conventional (fuel oil, 
qas,etc.> or nuclear. 

A) sn.F -ClJITAlllEO OR SIM Q.E EFFECT \II IT 

FUD. OIL STEAM 
OR ~ GEllERATOR 

CITTIER FUELS 

I) DUAL-OIERGY tJllT 

• SEAllATEI 

:> 
-....------FRESHWATER 

SM. lllATIOI 
llllT 

D.ECTRICITY I 
I 
I 
I • 
I 

~RESHVATERi 
FUEL OIL STEAM 

OR ~, GENERATOA 
OfHER FUtlS 

ON 

FIG. 16 SELF-CONTAINED AND DOUBLE EFFECT FACILITIES 
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2.6 - Order of .. «Jftitude of enerC]Y con~•pt1on for varia.as desalination 
processes 

The enerv ~ by the different desalination processes is 9i9en •• an 
order of .. 9"itude in Table 11. 

Two walues of efficiency •re shown corresp0ndift9 to the different capital 
costs. 

Since some processes need low level theraal enerqy and others electric 
power. we have taken fuel oil as the pri .. ry energy fOr facilitatinq the 
co.parison and .. de ~ follovin9 assumptions: 

- fuel oil at 10.000 Kcal/k9 
- steaa 99nerator efficiency 85• 
- eleetrJ.c qenertor efficiency 90• 

This yields an 09erall effici•ncy of 2.5 theraiesfldlb. 

DESALINATIOR PROCESS Required enerqy Amount fuel kt)/•l 

lh/al+JcWb/al Sinq. purp. Doub. Purp. 

HOLTIFLASR Ratio B 70 + l a.45 l.5 -
DISTILL. MULTI FLASH Ratio 14 40 + 5 5,65 2,8 

MUI.TIP. EFFECTS (7) 90 + 2 10,4 4 -
MULTIP. EFFEC".ts (12> 60 + .l 6,25 2.7 

PROC. Steaa compr(l) 6tt5•c 0 + 16 4 4 - -
Stea• coeprCl> 61;t1•c 0 + l2 c 4 

, 

RO seawater, no recov. 
(60 bar) 0 + 12 l l - -MDIBRANE RO seawater + recov. 
(60 bar) • + 8 2 2 
RO brack. 2.5211 water 
C40 bar) 0 + 3 !2! ~ . 

PROC. ED seawater 1.2 volt/cell 0 + 30 7,50 7,50 
ED brack.2.5!/1 water 
1.2 volt/cell 0 + l !2! !2! 

I 

Cl) Sin9le effect ao Rever•• osmosis ED Electrodiaysis 

Table II - COMPARISO~ OF ENERGY CONSUMPTION FOR DirtzltEMT DESALINATION PAOCESSE 
ASSUMING PllIMltY ENERGY SOURCE IS

1

P'UEL OIL 
I • 

-. 
Underlined value• repr•••nt the •t•t• ot the art. 
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• 
) TECllMICAL PJ0'"1.DIS • 

The .. in probl ... in desalinatinq seavater and brackish vater are 8Calin9, 
corrosion and foulift9 of exchanqe surfaces. 

3.1 - Scalinci 

Scalin9 is a deposit of aineral salts that tend to fora on exchanqe 
surface. Because of the ions in saline vater(calciua, lla9fteS1ua. bicarbon.te, 
sui~INte) the deposit• .. inly consist of calcium carbonate ccac:o3>. 
aa9ftesiua hydroxide (114J(ml>2> ancl calciua sulphate ccaso4>. Scalift9 ia 
caused br a complex array of factors: 

- Averaqe concentrations too hiqh. A conversion ratio of 90' thus !a.plies 
a concentration factor of 10 for the saline vater. 

- Local over-concentrations near the transfer surfaces due to poor 
byclrodynallic flow conditions ( pola riution phenomenon) • 

- Operatinq teaperature above the solubility li•it of the salts. As a 
result salts aay be deposited in distilla~ion units above 60 •c accordinq to 
the reactions : 

Scale buildup nor.ally results in a decreased unit output or higher enerCJY 
consumption. To illustrate the proble•, the production ca~city of a 
distillation unit can, in the worst case. drop by over 40' in a 24 hour period. 

Several methods for fi9htift9 aqainst scalinq are available: 

- Injection of a fev ppai of scale preventinq produc~s in the water beinq 
treated. For examsple the polyphoshates used in distillation adsorb on the 
CaC03 crystal nuclei for'led and prevent the• froa qrovinq by physical action 
alone. 

- decoaposition of the bicarbonates by a stronq acid (110stly sulphuric 
acid) vith formation of carbon dioxid4. 

- eli•ination of scalin9 ele .. nts (calcium, aaqnesium) upstreaa of the 
desalination unit by ion exehan99 or prior precipitation. 

l.2 Corrosion 

The siqnificant corrosive properties of seawater at hiqh temperat.ures are · 
caused by several factors: 

- lt• che•ical coaposition and especially the larqe nuaber of chloride 
ions. 

h19h conduetivitr. proeoti"9 subsequent 9alvanie •ction. 
- corrosion resultin9 fro. dl•solved oxy99n, 
- presence of bacteria on various •arine orqani••• and of H2I ln sa.• 

pollution. 
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lloble aaterials such as aluainiua bronze. stainless ste•ls and 
cupro-nickels must be used in all cases. the choice of .. terial dependin9 on 
the t.-perature. feed speeds. preprocessing adopted (i.e. acid or scale 
pre.enters> and their cost. 

3.3 - Foulin9 

Natural vater (sea or brackish vater)noraally contains suspended organic 
aatter that tends to settle on and foul up exchaneJe surfaces. This increases 
the trans!er resistance and reduces the production capacity of the facility. 
'ftlis problea is especially iaportant in the reverse osmosis. which can as a 
first approxiaation be assumed to be a process filtering down to several 
An9stroas. This is vby reverse OS90sis pants require substantial 
preprocessin9 of the •ter. i.e.: 

- coagulation and flocculation 
- settlin9 
- prefilterin9 on sand bed or diatc. filters 
- fine filterin9 through cartridges. 

4 - COST OF DESALINATED WATER 

We have estimated the costs of desalinated vater for plants producing 100, 
1000, 10000, and 100000 al per day. For the distillation plants stanc!ard 
seawater (35 9/l) vas taken as the water to be desalinated and for the 
...t>rane type plants brackish vater with a 2.5 g/l salinity was assumed. 

4.1 - Capital costs 

The specific capital costs in French Francs per al/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 char9e includes the cost of the desalination plant constructed on 
a serviced site with steaa and electricity on hand, except for small 
facilities when the stea• 9encrator is ir~luded. 

Althou9h the cost is a function or the materials selected and level of 
automation, it is above all strongly dependent on the efficiency chosen for 
~ pant. This aeans that though an a-effect unit will be twice as expensive 
as a 4-effect unit, it will only consume half the enerqy. It is thus clear 
that the efficiency selected must be a tradeoff between the cost of energy and 
its forecasted variation vith tiae, when this can be esti .. ted. 

b) Owner's expenses 

These investaents include the tolloving: 
• initial investi9ations and engineer consultin9 tees, 
• possible land purehasin9 and •ite prep•ration, i.e. civil en9innerin9 works, 
access ro•ds, fencin9, etc., 
... avater supply, i.e. puapin9, lar9•-•ize filterin9, ehloridin9. It should 
not be forqotten that the fla•h process require• approxi•ately 10 •' of 
.. avater to be pumped to produce 1 •' of freshvater. 
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• diapoa.l of the brine rejects (the area -.st be located sufficiently far 
avay fraa the seavater tappin9 poi~t • 
• the pipilMJ and freshwater stora9e, 
• detail part and tool stores and a set of spares, 
• the startup of the plant and personnel trainin9. 

It is obvious that this part of the investaent depends on the 
indiYidual case. It can be very lov for a plant located on an existin9 
industrial site, as vith the 22,500 a 3/day ~lant constructed by IHI at 
Shuaiba (Xovait) in 1975 or vith the 1500 • /h unit built by SIT at the 
Porto-Torres petro-cheaical c:oaplex. On a site without any infrastructure, 
these costs can, however. be hi9h. 

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

As the .uibrane processes .:ire saaller, ve have used lover estiaates. 

4.2 - Financial c~.arges 

The financial charges, i.e. repayment and return on capital invested. were 
calculated for determining the cost price per al of vater produced vith the 
following assumptions: 

PARAMETER 

Depreciation period 
Interest rate 
Annual installments 
Annual workload 

DISTILl.ATION 

20 years (l) 

" 9.43\ 
300/365 

MEMBRANE 

15 years 
7\ 
10.9' 
300/365 

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

4.3 - Cost of energy 

In the last fev years the cost of energy and especially the cost of oil 
has varied very sicpiiticantly (FIG. 17) •. 

llowever in today's context, enerCJY is still relatively cheap in the Middle 
East, the heme of most of the desalibnation pl4nts. The majority of these 
countries possess large amounts of natuial gas that cannot be exported due to 
the lack of liquefaction plants. 

(1) A depreciation period of 15 years has been assumed tor the small steam 
compressor units. 
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Price of crude oil and OPEC 
and non-OPEC. USSR and China.· 
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FIG. 17 - VARIATION OF OIL PRICES DURING THE LAST FEW YEARS 

Based on the above, we have used the follovin9 values: 

LP steam 15 French Francs/tonne for small units 
10 French Francs/tonne for lar9e units 

Electric power 0.20 French Francs/lcWh for small units 
0.15 French Francs/lcWh for large units 

4.4 - Control - Operation - Maintenance 

This itea is one of the aost difficult to evaluate as it can vary 
•ubstantially dependin9 on the reliabilit, of the plant, its automation level 
and the coepetence of the per.onnel. 

ror example, the 36,000 •)/day plant at Porto-Torres needs only two 
pers~ns to nan its all the data (t .. perature1, pressures, stea• available> is 
fed ~o a ce11puter which controls the plant proces~. Hnvever, sonae 3000 
•l/d•y plants require a staff of over, 20. 
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For the cost eatiaates of desalinated vater. we have based the annual 
process control and .. 1ntenance costs on a percenta99 of the investment in a 
siailar aanner to the financial charges: 

Capacity al/day 100 1000 10.000 100.000 

Annual payment 
\ investment 10\ 8\ 6\ 4\ 

The cost of replacing aeabranes in the aeabrane units has been 
incorporated in the overall process control and aaintenance costs. In a well 
designed and correctly run plant vith suitable preprocessin9. the service life 
of electrodialysis or reverse osD>sis aeabranes is between 3 and 5 ye•rs. 

4.5 - Order of aaqnitude for desalinated vater costs 

AsSUlllinq relative favourable economic conditions. the cost price per ml 
of desalinated vater is at the best 5 F.F for seawater and 1.30 F.F for 
brackish water (Tables 3 and 4 and Fiqure 18). 

It should be stressed that the salinity of water from distillation is v~ry 
lov (10-25 ppm) and, if drinking water is required, the demineralized vater 
produced by distillation can be aixed with brackish water. This results in a 
cost reduction that is not insignificant. 

The desalination costs froa an investigation made by USAID in 1980 are 
qiven in fiqures 19 and 20 for comparison. 
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Productlnn capaclty (al/day) 

General 

chAracterietic• 

Specific 
inveet .. nt 

f'F per al/day 

Slnqle - or double - unit• 

Type of proce•• 

Energy eource 

Price with EVAPORATOR INSTALLED 
Owner'• expen••• 

'l'Ol'AL 

100 1000 

S1n9le purpoee 

STEAM 
COMPRESSION 

ELF.CTR I CITY 

13 000 
5 000 

18 000 

9 000 
3 200 

12 200 

. -
10 000 100 000 

Double purpoH 

8 000 
2 000 

10 000 

MULTI•rLASH 

HEAVY GASOIL 

5 500 
1 250 

6 750 
~~~~~~~~~~~~~~~~~~~-~~~~~~~~-1-~~~~~~~----~~----~~-----+----------------t-------------------1 

-.p-

Ther.odyna•ic output ln 
ton• vater/ton• •tea• 

Ther .. 1 ener9y required 
in tone •t•a-tal 

Price of LP atea• in Fr/ton 

Electric enerCJY required ln ~wh/ml 

-'•- - - I Price of electric enerqy in FF/kwh 

Depreciation perlod 

lntere•t rates 

Annu•l payaont• of financial eharqes •• \ 

Annual pay•ent• of operatinCJ co•t• a;'• \ 

20 

0,20 

15 

10,9 

10 

8 8 8 

0,125 o, 125 o, 125 

15 10 10 

4 4 4 

0,15 0, 15 0,15 

20 20 20 

,, 
9,U 

8 6 4 

-~----~------------------------------------------------t~-----------------+-----------------1~---------------r-------------------t 

. price of 

. llnated 
t•r 1n 
~,.1 

Financial char9ea 

Ther .. 1 enerfJY 

Electric ener9y 

Control and 1Mintenance 

TOTAL 
l'OUNnEn OFF 

6,54 

4 

6 

16,~4 

16' 6 

3,83 

1,87 

0,60 

l,25 

9;~~ 

9,,, 

3,14 

1,25 

0,60 

2,00 

6-;iJIJ 
7,0 

2, 12 

1,25 

0,60 

0,90 

4,87 
4,9 

.., ,,. 



,.e.vai;, • .:111 OHMv1uS 

Production capacity f•1/day) 102 lol 104 105 102 

'Oe•allnatlon unlt .. 000 2 000 l 300 l 000 4 000 
alone 

,,lflc 
· •t.nnt ,,1,,. PreproceAd nq 1 100 BOO 600 400 800 

,Owner'• expense• 1 200 600 500 400 l 200 

TOTAL 6 300 3 400 2 400 1 BOO 6 000 

'Electric power con•u•ptlon kWh/ml - 3 - -. . 

Price of electric power FF/kWh 0,20 - 0,20 

Membrane aervlce life ' - J to 5 years - 4--

,_t. lonf' Depreciation period - 15 years - -. ~ 

Intereat rat"'• - ,, - -. ~ 

Annual pay.ent of financial charqe• - 10,9\ - -.. r -
,Annual operatlnq payaent a~ \ 10 a 6 4 10 

.. 

'Financial char9e• 2,29 1,24 0,87 0,65 2,18 
prlc• 
v.ter Electric enerqy 0,60 0,45 0,45 0,45 0,60 
exclu-

of tax Control and maintenance 2,10 0,91 0,4B 0,24 2,00 .. - - - - -
TOTAL 4,99 2,60 1,80 l,l4 4,78 

ROUNDED OFF s 2,6 1,8 1,3 4,8 
·-

TABLE 4 REVERSE OSMOSIS ANn ILECTRODIALYSIS DESALINATION COSTS 
FOR 2. S q/l BRACKISH WATF.R 

.:a..ec:TltUDl ALY II I 

lo3 104 

2 000 L 300 

500 300 

600 500 

3 100 2 100 

3 

- 0,15 -
3 to 5 years 

15 years 

,, 
10,9\ 

8 6 

1, 13 0,76 

0,45 0,45 

0,83 0,42 - -
2,41 1,63 

2,4 1,6 

105 

1 000 

200 

400 

1 600 

-, 
-. 

-
r 

-
y 

-

-

.. 
0,58 

0,45 

0,21 -
1,24 

1,2 

• 
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5 - UMCOMVENTIOllAL DESALINATION PROCESSES 

5.1 - Solar desalination 

After the 1973 oil crisis, the so called soft energies and in particular 
solar ener9Y c ... into fashion: however, solar desalination by distillation 
was practised in the distant past (Figure 21). 

- -··-- .· ·- ·. ~ - -· -····-
..:.. ·-· ··- -- ... --:- i: . ----

I 

BLACK SL""RFAct. I I SALINE WATER 

FIG. 21 - PRINCIPLE OF GREENHOUSE DISTILLE;t 

In 1870 an English e~9ineer named Wilson, aanager of a mine at Los Salinas 
in Chil•, vas faced with the problem of watering 4000 aule• that transported 
nitrate lliner•ls in convoys. A9 the only water availabl .. had a salinity of 140 
9/l, i.e. roughly 4 ti11es that of seawater, he ~ecided to build a 4460 m2 
wooden solar distiller for supplying 20 al/day approx. of freshwater. The 
conditions were, it is true, especially ideal in terlllS of the latitude of the 
locatio~, its altitude of 140U a and the pure air. The plant remained in 
production for ower 40 years until 1908. 

The capacity of this extreaely simple process are, however, very limited 
as the yield cannot be over 4-5 liters of freshwater per day and per m2 of 
bed. This ••ns that the greenhouse surff'ce area necessary mounts up very 
quickly. 

• Another technique i• to -use renewable energies associ•t•d with 
conventional aNS hi9hly efficient processes. Two inherent characteristics of 
renewable ener9ies au•t• however, be allowed tor, i.e. their high cost and 
discontinuity. 

Sever•l demonstration projects have benn undertaken in recent years: 
- The Pythcn project involvin9 multiple effect distillation usin9 fl•t 

solAr panels, 

- lever .. o.-oai• unit• powered by wind 9eneratore or phoeoelectrlc cells, 
- Z.perimenf.al de••lination ataeion uein~ renewabl• ener9le• ae 

lort-Cedria 1n Tuniaie. 
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5.1 - Freedn9 

Althou9h induatrial-acale desalination by freezin9 is not yet camaercially 
available. research work on the process is bein9 actively pursued in both the 
laboratory and pilot stations. 

Freezin9 and ditillation are in a certain way siailar desalination 
processes in that the liquid saline phase is transformed into another 
salt-fre'! phase (9as or solid). Reversin9 the phase chan9e vill produce 
desalinated water. ~ 

The freezin9 process attracts attention because of the lov latent heat of 
freeziftCJ coepared to that of steaa. i.e.: 

• freezin9 • 80 cal/9 at O •c 
• steaa • 540 cal/9 _at 100 •c 
As a result a sin9le effect freezin9 operation forain9 pure ice crystals 

consuaes an allOWlt of energy comparable to the multiple effect distillation. 
In fact. it la a mistake to compare the freezin9 and distillation process 

enerqy consm11ptions since the 540 cal/9 required for convertiftCJ the water into 
ateaa are reco..,.red (except the losses) durin9 condensation due to the latent 
heat released. in the same vay that the kil09raa caloroes necessary for 
freezin9 the water are recycled. 

Furthermore. the heat requireaents for evaporation (lov enerCJY calories) 
c;renerally cost less than the coolin9 necessary for freezinq (mechanical 
enerqy). When liquefied natural 94s is available, this is especially 
advantaqeous as the qas qives out kiloqram calories as it vaporizes. 

5.3 - Towinq iceberqs? 

The idea of tat1in9 iceberqs from the polar reqions to far away countries 
for use as a source of freshwater is creatinq widespread interest today. As 
far back as 1890 and 1900 small iceberqs were tov~d by ship all the way from 
LaCJUna San Rafael in Chile to Valpariso or even Callao in Peru, a distance of 
overt 3900 kilometers. Another example is when San Francisco was supplied with 
ice - in the winter of 1953/54 the usual lake supply in Alaska qave out and 
the ship had to load ic~ from the Buid Glacier, north of Petersbu~~ in 
Pennsylvania. 

In charqe of the desalination proqraa for Saudi Arabia until 1977, Prince 
M.?hamed Al Faisal recently took t~is idea up aqain and asked for a study t~ be 
•ade by a French cocpany in coll&boration with the well known ~xplorer Paul 
Emile Victor for tovinq a 100 aillior. ton iceberq froca the South Pole to 
Djeddah in Saudi Arabia. This enonaous block of ice would be towed by four . 
tuqs and covered by a •skirt• .. de of synth•tic •aterial for insulation based 
Gn its melting down. Between 6 and 12 90nths would be necessary to cover the 
distance of more than 7000 km. This study estimates the cost of a cubic ••t~r 
of freshwater, after •cuttin9 up• on arrival, to be 2.50 FF or less than the 
desalination cost by the fla•h distillation. Notvithstandin9, there appear to 
be many unresolved technical probleas such as: 

- The cruablin9 properties of i1ceber9s, -- The shallowness of the R-4 Sea, 
- The distribution of vatet· on arrival. 
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6 - CONCLUSIONS 

We have attempted in this reviev to 9ive a technical and econoaical 
overvie~ of the varioua desalination processes. 

SALillITY OF 

UNPROCESSED WATER (ppa) 

10000 

5.000 l Brackish 

\ vater 

2.000 

DESALill~ PROCESS 

Distillation 

SALilllTf OF 

PROCESSED WATER ( ppa) 

FIG.22 - Choosin9 a desalination proc,•ss as a f!lnction of process 
water salinity and processet water salinity 

1) For brackish water, the mt:abrane proce~ s offer today the best 
economical advanta9es. 

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

• the need to cheaically flocculate and then fine filter surf ace brackish 
vater and soae borehole water in order to prevent foulir19 the modul••· 

• random variations in .. abrane life. 
• llOdule design that 11e>stly does not allow for cl•anin9, other thin 

eheaical procedures, of accidentzal foulin9 caused by •icro-or9an1s .. , 
suspenaed .. tter or scalin~ • 

.. 
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Electrodial.sla ls as a rule the best process for lov salinity brackish 
vater •• it does not feature any of the drawbacks of rewerse oa.osls. The 
preprocessln9 is restricted to si9ple filtering. vater u., to 50 •c can be 
processed vith the ensulnCJ .-vinCJS in ener97 ccrun•ption and its •ery simple 
construction -kes disassembly and cleaniDCJ easy if foulin9 occurs. 

A clisadvantage. however. is that its enerCJY consuaption ls virtually 
proportional to the salinity of the water bein9 processed. 

2) Por seawater there a~e- tvo_ possibilities: 

• Sllall capacity units producinq not more than 1000 al/day: 

T-.o process are in ca.petion: distillation (compression of steaa, aultiple 
effect) and reverse osaosis.· -~irst process has the adva!ltage that it has 
been tested more than the second, vbereu the ncond (reverse cs.osis) has a 
lower ear97 consumption but __ ~· penalized ~ the need for pbysical/cbeaical 
preprocessin9 • 

• Lar9e capacity units producin9 SGGO al/day or aore: 

In this case the distillation processes - the flash type today but 
undoubtedly the multiple effect units in a fev years time. We beleive that 
these processes, vhich can run on de9raded heat (LP steam) from an electric 
power station (dual purpose plants) are the most promising. 
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