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EXPLANATORY NOTES

The tera "billicn” is used to signify a thousend million.

Reference to "dollars” (8) indicates United States dollars, unless
othervise stated,

Reference to "tons" indicates metric tons, unless otherwise stated,
The following abbreviations are used in this document:

BOD bicchemiocal oxygen desmand
oD chemical oxygen demsand
pp. parts per million
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IFTRODUCTION

As part of the programme of work of the United Nations Industrial

Development Organization (UNIDO) for 1974, an ®xpert Group Meeting cn ecrp,
Minimizing Pollution from Fertilizer Plagts wes held at Helsinki, Pinland,} @ «lhos

from 26 to 31 August 221_4_ in co-opevation with the Covernment of Finland.
The main objectives of the Meeting were to dis-uss and promote the trans-
fer of technology in identifying pollution problems attendant upon fert-
ilizer and captive-acid production and to recommend ways and means of
reducing pollution and its effect upon the environment by proper design
and control as well w3 the location of captive-acid and fertilizer pianta.

A long-range objective of the Meeting was to contribute to the form-
ulation of suitable international standards and guidelines to minimize
effluents (particulate, gaseous and aqueous) from production facilities,
to reduce the pollution load on the environment and to determine whether
existing standards in developed countries were suitable and could be
adapted to developing countries,

Additionally, the Meeting had as a most important objective the dis-
cussion and evaluation of the role of UNIDO in international collaboration
of the problems affecting the envirorment and solutions in the fertilizer
industry,

Supplemental specific objectives of the Meeting were

To illustrate by case history and environmental evaluation of
specific plants, the pollution effects of a fertilizer production
complex on its environment

To make a comparative analysis of the costs of installing adequate
pollution abatement equipment in new facilities as opposed to mak-
ing ohanges in existing plants

T cuggest guidelines for site selection for new "grass-root" fert-
iliser complexes with due regard for environmental considerations




To examine known ways and means to control gmseous, particulate and
80lid effluents from fertilizer plants not only to meet the lowest
cost principle for design but to minimize the pollution satisfac--
torily; this would include waste/re-use recovery schemes, which
could offset additional investment costs

Tc examine the possib’lities of training enginrers and chemists
from developing countries in the field of control of pollution during

design stages

To evaluate the need and possibility of altermative processes and
equipment technolugies to minimize pollution

To assess the effect of pollutants on workers, habitation, air and
water quality

To investigate the possible economic effects of including environ-
mental considerations in existing and planned i'ertilizer complexes

To examine legal measures which might be relevant to the problem
of minimizing pollution from fertilizer plants
The Meeting was attended by 49 participants from 21 couniries, There
were 14 country participants, 35 representatives of industrial companies
and other organizations and 4 UNIDO consultants, The geographical distri-
bution of *he participunts from developing countries is given below:

Region Number of countries ber of partic ts
Africa 2 3
Asia and the FPar Enst ) 5
Burope 3 4
Latin America 1 1
the Niddle East Y d
10 14

Co Keleti, who was Officer—in-Charge of the Neeting, read a message
to the participants from the Executive Director of UNIDO. Jan-Magnus Jansson,
Ninister of Trade and Industry of Finland, welcomed the participants in an
opening address, YrjS Pessi (Pinland) was unanimously elected Chairman
of the Meeting, Wahjudi Wisaksono (Indonesia) and Niilo Lounamsa (Pinland)
ware unanimously eiocted Vice~Chairmen of the Meeting, Biward C, Bingham
(United States of America) was elected Rapporteur for all sessions of the
Neeting,

During the 9 sessions of the Neeting, 21 technical papers wers pre-
sented and discussed, A list of the documents presented to the Meeting
is givon in annex I,

The report of a visit %o a fertiliser complex is given in annex II.




CONCLUSIONS AND RECONNINDATIONS

Reoent developments in pollution contrcl
of fertilizer manufacturing

feeglusion

The Bxpert Working Group effectively provided a transfer of technology
among the participants representing developed and developing countries. The
case histories presented on recent developments in pollution control indicated

that the control technigues enumerated below wers worthy of world-wide
attention,

Recommendation 1

The fertilizer industry should give seriocus consideration to the use
of biological nitrification-denitrification processes of varied sophisti-
cation for the reduction of nitrogenous wastes when economics favour this
approach, Consideration should be given to simple lagooning with carbon

provided from domestic sewnge, particularly in developing countries.

Recompendation 2

As an alternative to disposal of the gypsum by-product on lamd or in
the sea, the producers of wet-process phosphoric acid should increase
efforts to dispose of it through economic uses., Possible uses were found

in building materials, in fertiliser production, and in the manufacture
of sulphuric acid and Portland cemmnt.

Recompendation J

The producers of wet-process phosphoric acid should be encouraged to
reduce fluworine emissions by recovery using sorubbing and conversion to
flworosilicic acid and them to salable salts,



Recommendaticn 4

In view of the continuing development and improvement in the use of
continuous ion-exchange systems for removal amnl recovery of ionic nitro-
gemous pollutants in waste water, serious consileration should be given to

the use cf such systems in pollution control during fertilizer manufacture.

Recommendation 2

Prom the array of control techniques available, producers nf nitric
acid should be encouraged to select and use for proper abatement of m!
in stack gas, the method favoured by conmideration of local economics and
conditions. Current control techniques included catalytic combustion,

extended absorption, adsorption, scrubbing and incinerstion.

Recommendation ¢

Solutions for pollution abatement applied to fertilizer manufacturing
should consider a combined approach such as the combining of air-vented
emissions irom ammonium ritrate md/or urea plantz and rscrubbing the gases
with process condensate which was then recycled for product recovery,

Sonolusicn

Protection of the snvironment, the energy crisis and the growing shortages
of raw materials have had a significant effect on fertiliser production
technology.

Recommendation ]
Puture technical improvements to production processes should be aimed

at increasing production efficiency and decreasing tho accumulation of
by=products,

Ninimising all types of pollution from nitrogencus
and phosahate complex fertiliser plants

Sopolusion

On the basis of the technical information exchanged during the Neeting,
the Group concluded that serious pollution of all segamts of the environ-
ant had resulted from the manufacture of fertilisers. Solutions for



minimizing thie poilution had been found and better ones were being developed.
However, there was a definite need for meaningful cost studies on which to
base technological choicex in both developed and developing countries,

Recommendatjon 8

Both developed and developing countries should be urged to perfora mean-
ingful cost studies on envirormental protection during fertilizer manufacture

to provide a useful base from which intelligent technologica. choices might
be made,

Pollution abatement equipments ocost/benefit ratios,
capital and opereting costs

Conclusion

The Oroup concluded that the available data on pollution control during
fertiliser manufacturing were unreliable and insufficient for meaningful

caloulations of cost/benefit ratios or comparisvons of capital and operating
costs,

Recompendation J

Puture studies on the economic impact of envirormental protection in
the world fertiliser industry should use uniform terminology and definitions
of terms 80 ihat cost data would be relevant and comparsble,

Intemational pecllution control legialation for
the fertilizer industry

Sonclusion

Participants from both developed and developing countries concurred
that & definite need existed for effective guidelines for intermational
pollution control legislation in the fertiliser industry,

Recompmndation 10

All countries sheuld be urged to draft and imglement snvirunmental
protection legislation appropriate to their needs taking into accoumi
economics, available fiscal and technical resources, and social and envriom-
sental conditions, These statutes should be based on technology that
offered the best aveilable solutions,
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Recompendation 11

Definitive international limits, particularly for toxic pollutants,
should be eztabl.shed on the basis of environmental quality considerations
for air and water crossing nati.ual boundaries,

Recommendation g

International effluent guidelines and performance criteria defining
the best practizable pollution abatement technology for new fertiliser
plants should be established and up~dated regularly. These guidelines
should focue heavily on costs and should perhaps be designed on a regional
basies to take into account special envirommental and climatic conditiona
which could affect the chcice of techrology.

Becompendation 13

Intermational assistance should be provided to Jovermments of devel-
oping countries in organising, staffing and training organisations to
monitrr discharges and enforc, environmental pollution limits on & sound
technical bdasis,

Recamendation 14
Agreements should be made for the exchange of pollution oontrol research
and devslopment data snd persomnel.

Reccsmendation 13

Technological provisions should be made for a model dasin, multi-
national waterway, and special low=oOost abatement ressarch and development
demonstiretion projects should te included in any pollwtion legislative
progremne,

T™he role of UNIDO in assisting developing commtries
in sinisising poilution from fertiliser plamts

Intermational collaboration was urgently neuded in mamy areas te assist |
all comtries of the wrld in sinimising pollution frem fertiliser plamts. |
UNII0 appenred t5 be the proper agmacy to offect sunh collaberetion,
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Recomendation 16

UNIDO should promptly disseminate information available from intver-
national agencies and from developed countries which have already employed
effective environmental protection tachniques, The dissemination of wsuch
technical information should be from reference centres estiablished in
various countries under UNIDO aegis. Information dissemination should
also be ocontinued through the organization of expert group meetings on a
reslar basis held altematively in developed and developing countries,

Recommsndation 1]

UNIDO should provide broad intermational guidel ines for environmsatal
protectior. measures needed in indwstrialised regions. Among these guide-
lines should be minimum standards of effluent control which must be main-
tained when plant contractors temdered bdids to developing countries.

Recommendation 13

UNIDO shouid, upon proper request, provide the service of experts, as
well a8 intemational exchanges of personnal, to provide solutions for
pollution abatement, Noreover, UNIDO should develop the capability to
provide mode]l studies »n effluent disposal and air emissions.

Recompendation 13
UNIDO should assist in establishing and financing training progrumes
for senior management as well as for opmtor/tootnicin personnel,

Reccmmandation 20

UNINO should conduct a study that would lead to the development of en
intermationally acceptable code of standard nomenclature and uaits of

seasurenent that would facilitate the interpretation and comparison of
aata.




I. RECENT DEVELOPNENTS IN POLLUTTON CONTROL: CASR
HISTORIES FRON FERTILIZER-PROLIC NG CONPANIES

Recent developments in pollution control were given in 15 of 21 papers
from both developed and developing oountries at the NMesting, The most signifi-
ocant case histories are givea below.

Kfluent

A most interesting study was presented of the pollution problems fasing a
large fertiliger, chemical and petrochemiocal manufacturing oomplex in Burope.
Waste water containing high biochemical oxygen demand (BOD) was genersted by
these plants and required reduction before discharge into the river Maas. Of
several alternative techniques, biodegradation of the waste water was chosen,
Since 1964, a Pasveer ditch had been «ffectively used for the biological pro-
cess. The remarkable features of this ditch were (a) high capability to aocom-
modate shoock waste loads, (b) less sludge production than with convemtional
activated sluige systems, and (c) the production of sludge that was largely
mineralized when wasted from the ditch.

Wran discharge limits on nitrogen were lowered Gy the regulatory ageaqy,
the need for bDetter nitrogen removal than that provided Yy the ditch becams
apparent. From available technology, & bioclogiocal nitrification-dwnitrification
process was selected that used the extensive experience on biological
processes gained with the Pasveer ditch. The process used by-product methanol
from other chemical plants in the cumplex to provide the carbon required to
support the bioclogical processes. The removal of 95 per ocent of ammonis-
and nitrate-nitrogen, as well as 80 per cent chemical oxygea demand (0OD)
reduction was anticipated. The physical plant investment was estimated at
$30 million,
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A significart feature of the treatment plart wae a wigue mrthod of pro-
viding oxygen to the process. A new water-jet asrator was wsed in which asre-
tion was effectad by juts of recirculated water sprayed over ‘he msurface of
ths treatment basin, An oxygen—transfer efficiency of 3 kg 02‘ per kiWh of

electricity was reported,

The key to success of the treatment scheme was the availability of a cheap
source of assimilatable carbon, In the United States and other countries where
most fertiliser plants wers remote fiom other industries, the supply of suitable,
cheap organic material would be an obatacle to the use of the nitrification-
denitrification waste treatment system, In developing countries, particularly
those in mild climates, the use of domestic sewage to supply the organic
requiremsnt would seem applicable. HNowever, since there wvas evidence that

i simple lagooning of plant effluent with sewage had been successful in reducing
the nitrogm: content, it appeared that less soph.sticated treatment s~hemes
than the one discussed above might be appropriste for use in some countries.

Sxpevs

The disposal of gypsua Wy-product from the manufacture of phorphoric acid
might be difficult because of costs md/or emvironmental effects. Although
soonomics would be important in a simple substitution of naturally occurring
&ryoua by the hy-product grpsum, & papor indicated other possible uses for it
In sach ocase, the impurities in the Yy-products would detersine the evunomic
use. Potential appliocations, however, ovuld be (a) the construction industry,
as 8 setting controller for cemsnat, in plaster, plasterboards and duilding
blocks, (b) the fertiliser indwstry for the production of smmonius sulphate in
which the co-prodmwet calcium carboaate was suitable as feedstock for calorum
samoniwm nitrate or in cement mmmufacture, and (c) the productiom of sulphwric
acid and Portlend cemsnt.

The applicadility of thees possibilities was, of course, entirely depen-
i dent wpon local ocmditioms,

A worides

Case studies indicatad means of effectively combating the prodless of die-
posal of flworide in the off-gas from wet-process phosphoric acid prodwstiom.

1
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It had been showm that fluorides could be eccnomically reduced to satisfactory
levels by scrubbing and conversion to fluorcsilicic acid and then to salable
salts such as aluminium fluoride or alkaline silicofluorides. The aluminium
Muworide so obtained was reported to be cheaper than that produced from
fluorspar.

Some of the recent developments in pollution control in the fertilizer
industry discussed at the Meeting reflocted the influence of considerations
for environmental protection on fertilisger production technology. A papsr on
this subject propcsed the philosophy that under present conditions, technological
improvements resulting in higher production efficiency and less by-products
should be selected in preference to investments in plants which merely converted
by-products from cheaper prucesses to less undesirable by-products. In view of
the present energy crisis and the growing shortages of raw materials, emphasis
must be placed on increasing production efficisncy.

Yres dust

The synthesis and prilling of urea resulted in water pollution from pro-
cess oondensate and air pollution from urea dust from the prilling tower. A
case history was presented of a unique golution whereby the process oondensate
was used as scrubbing liquor in a prilling-tower de~dusting aystem., In a
1,500 tons per day urea plant, it was reported that ammonia in the process con-
densate was reduced to 200 ppm and urea dust was reudced to less than 30 q/-3
in effluent air. Three case histories were presented citing the effective use
of the lliggins~type continuous ion-exchange systeam for removal and recovery of
ammcnium nitrate from nitrogen-laden prcoess waste waters. A new development
described in a Muropean peper was the use of strongly resistant ion-exchange
resins that remitted the use of highly concontrated regenerants -~ 47-60 per cent
nitric acid and 17 to 20 per cent m3. The distinct advantage of this develop-
sent was that a far higher concentrated recovered product would be possible
than previously. Thie would improve the economiocs of the treatmeni{ scheme and
help overcome some of the objections to the ion-exchange process.

From the developing countries, several case histories were presented on
pollution problems from fertiliser manufacture. In at least two countries, it
was indicated that problems arcse from three basic sources: (;) plants that
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had ineffective or no oontrol equipment; (b) lack of knowledge or failure to
apply operiting and maintenance kmow-how to prevent pollution by established
techniquesyand (c) lack of effective legislation to enforce reasonable
standards.

The case histories cited actions taken bty governmental agencies that had
effectively resulted in reduced pollution. The aotions taken followed a
thorough investigation bty a competent outside body of the causes as well as
the sources of pollution. Such a course of action appeared to be the prerequi-~
site in cases of environmental pollution where the plant management had not
taken correotive actions.

A wealth of information regarding new developments in pollution ocontrol
in fertiliser manufacture flowed from the case histories presented at the
Meeting. It was the consensus of the participants that an urgent need exists
for the rapid dissemination of such information on a world-wide scale as a
moans of combating environmental pollution from fertiliser plants.
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I1I. MINIMIZING ALL TYPES OF POLLUTION FROM NITROGENOUS
AND PHOSPHATE COMPLEX FERTILIZER PLANTS

Pollution prcblems in tho fertilizer industry tended to arise from limi-
tations to process efficiency, the disposal of wunwanted ty-products, oontami-
nants in prooess condensates and/or acoidental losses. Significant aspeots
of the papers presented to the Meeting on these pollution problems are given
below.

The Commission of the Buropean Eoomomic Community (EEC) required a complete
study of all processes applied in the fertiliger industry in order to prepare
recommendations for the improvement of existing plants and/or the limitation
of air and water pollution by new plants in member oountries. A paper based
on this study was presented to the Meeting and was considered a very useful
guide for promoting satisfaotory operations in fertilizer manufacture. Other
papers dealing with separate seoticns of the industry provided essential oon--
firmation of the EEC survey or in some cases provided additional information.

In a most comprehensive study of the nitrogen situation in the United States,
very elaborate oleaning operations were described. The use of this method
should effect minimal environmental pollution by the nitrogenous fertiliser
industry.

Another contribution of great interest in the field of phosphate fertili-

gers was made by the participants from Pinland. This was effectively illustra~-
ted by a visit to a fertiliszer plant (see annex II).

The major pollution problem from a modern asmonia plant was the aqueous
process ocondensate. This condensate might be effectively stripped of its ammonia
by steam heating and the ammonia recovered as an asqueous solution for use
elsevhere.




The only source of pollution from a nitric acid plant should be the tail
ga.s' containing oxides of nitrogen, NOy. This pollutant might be reduced con-
siderably either by extended absorpti;n or by cataiytic reduction. A few
successful applications of the latier method had been reported from the

United States, but experience in Europe had been less satisfactory. Selective
reduction by means of ammonia oould be used and was likely to receive more
congideration in the future. The adsorption of NOx on molecular sieves was

mentioned, but no specific data on operation were ;eported.

Air pollution by 802

by the well-established "double-contact™ process or by ammonia scrubbing,

from sul phuric-acid contact plants might be reduced

especially if the resulting ammonium sulphite could be used in an integrated
chemioal manufacturing complex., Pollution by sulphuric acid mist was an addi-

tional problem. Its solution required the use of effioient mist elimination.

The production of phosphoric acid entailed several environmental problems.
During the acid digestion of phosphate rook, approximately 10 per oent of the
fluorine in the rock was \evolved and must be removed by scrubbing with water.

A further 30 per cent or so of the fluorine in the rock was released in the
acid ooncentration unit when present. This emission could be scrubbed with a
fluorosilicic acid solution, which was oonoentrated or converted to the salt

and sold whenever possible.

The production of phosphorio acid also resulted in by-product gypsum that
was sometimes dumped in estuaries or into the sea. Dumping on land was the
alternative in whioh proper oare should be t@lmn that no excessive amounts of
phosphates or fluorides drained into btodies of water. The use of hy—-produot
gypsum for building materials had found applioation but often could not be
realized for economic reasons.

In the production of ammonium nitrate, nitrogen losses from the neutraliazer
could be minimiged by using a two-stage proocess with adequate control. The steam
condensate from the neutraliser after acidification with nitrio acid might be
recycled to the absorption tower of the nitric acid plant. This procedurs was
not free m: hasard, and other ways of recycling or treatment of this waste
stream were preferabdble.

The ammcnium-nitrate prilling towers should be high enough to allow for
moderate air velocities that would prevent entrainment of smaller particles.




‘The production of urea rrills entailed similar problems. The removal of

vrea dust and ammonia from the exhaust of the prilling tower might be partially
successful by means of water scrubbing on the top of the tower, but this was
difficult to apply in existing plants. Urea in the condensate from the concen-
trator could be hydrolyzed to ammonia at 180° C.

The large number of variations in the processes for production of complex
NPK fertilizers resulted in a wide variety of pollution problems and solutions.
For dry-process streamu, cyclones and filter bags were used to reduce dust
emissions, but wet-process streams generally required scrubbers of various

types.

Ammoniacal - and nitrate-nitrogen - containing waste waters originated in
many ways. Papers from Romania, Spain and the United States described contin-
uous ion-exchange processes to provide the ultimate of a closed-loop process
water system. The processes yielded ammonium nitrate solutions ranging from
18 per cent to 25 per cent NH4NO3 which could be used in liquid fertilizers but

created problems if only solid fertilizers were produced.

In Burope, a four-stage process for biological treatment of nitrogenous
waste waters had been demonstrated. It involved nitrification of the ammonia
followed by denitirfication of the nitrate with the help of waste organic
material available from a nearby plant.

Although the environmental protection measures and processes mentioned
here mainly apply to situations in the United States ard Europe, most of these
treatments were also applicable to situations elsewhere. There were exceptions,
however, arising from the use of raw materials and/or processes of a different
nature or under greatly different climatic conditions. It was felt that
increased attention should be given in the following years to promote the
capability of combating pollution by developing countries.
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III, POLLUTION ABATEMENT BQUIPMENT: COST/BENEFIT
RATIOS, CAPITAL AND OPERATING COSTS

The fertilizer industry presently ranks as one of ihe largest industries in
the world, and is exceeded in tonnage output only by steel, petroleum, cement,
lumber and basic agricultural food commodities. Estimated annual world-wide
production of fertilizer was now about 250 million tons containing about
83 million tone of plant nutrierts. The fertilizer industry had exparienced
an average growth rate of approximately 9 per cent per year during the period
1960-1974. The significant growth resulted from unprecedented world-wide
demand for fertilizer and was made possible by highly sophisticated technolo-

gical breakthroughs in production techniques in recent years.

While major emphasis had been placed on increased production, the ferti-
lizer industry generally had not ignored its responsibilities in +he area of
pollution abatement. The fertilizer industry in the United States has spent
well over 100 million dollars on pollution control since 1968. Although inter-
national data were not available, a projection based on expenditures in the
United States and factored to include developing countfies, indicated total
world-wide oosts of almost 400 million dollars for air and water pollution
abatement during the aame period. These sume might appear substantial, but
in view of impending enforcement of existing legislation to further control
pollution throughout the world, they might be oonsidered only a beginning.

Because of the almost infinite array of variables depending on geographi-
cal location and local conditions, it was impossible to accurately determine
the aotual oosts for a world-wide level of pollution abatement. In the develw
oping countries, cosi-benefit considerations must be evaluated in a cifferent
manner from those in developed oountries. Several partioipunts in ths Neeting
from developing countries stressed the need for greater uniformity in specifi-
oations for pollution abatement equipment included in contracts for new
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fertilizer plants. These participants emphasized that lower costs would be
incurred in the long run if adequate equipment for pollution control was incor-
porated in new plants rather than modifying existing facilities. Only if a
minimum degree of uniformity in equipment specification was assumed could any
meaningful, though rough, calculation of world-wide capital expenditures for

fertilizer manufacture pollution control be made in the years ahead.

The ostimates of pollution abatement expenditures for the fortiligzer
industry in the United States to achieve total compliance with specified limita-
tions by 1983 ranged from $600 million to $1 billion. These estimates
were considerably higher than those ~alculated by the United States Environ-
mental Protection Agency (EPA), but they were reflective of actual costs exper-
ienced by the industry to date. Projected on a world-wide basis, total expendi-
tures by all countries for air and waier pollution control in the fertilizer
industry through 1980 could approach $3 billion to 85 billion. A more defini-
tive estimate of relative cost peroentages for air versus water pollution abate-
ment would be meaninglecs because of the variables disoussed above. A more
accurate estimate of the effects of costs for environumental regulations on the
world fertilizer industry could perhaps be obtained through the efforts of a
qualified international engineering f'irm.l

Not only were meaningful cost-benefit ratios diffioult to calculate to
any acceptable degree of accuracy, they were, moreover, subject to many dif-
ferent interpretations by industry, Covernments, environmentalists and the
general public. Hence, little purpose was served by quantifying them in numer-
ical terms. One striking example of these difficulties was the inability to
place a signifioant monetary value on the enhanoement of the environment result-
ing from desirable pollution contrcl on the one hand, or on the degradation of
the environment resulting from improper pollution control, on the other hand.
There was no general agreement among the various groups as to the optimum level
of pollution oontrol; one faction might seek the ultimate abatement of pollu-
tiony while another sought control only to the extent of minimizing oomplaints.
Therefore, the responsibility for achieving a solution agreeable to all fell
upon the Govermments, who must provide the necessary motivation through legis-
lation to attain a realistic level of oontrol. Moreover, it is the responsibi-
lity of industry to assist the Covernments in cobtaining adequate and acocurate
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information for use in developing environmental standards. Unfortunately,
difficulties might arise in this area because of the proprietary nature of

industrial know-how, or, in many cases the absence of necessary information.

Generally, the view was expressed that pollution abatement requirements
should be flexible enough to reflect local snvironmental considerations instead
of being rigid national standards. The many ramifications of cost-benefit eval-
uations were best identified by a detailed analysis of local environmental im-
pact. For example, a plant discharging into a stream already heavily polluted
by natural upstrecam surface run—off from non-point sources should not be required
to abate pollution to the same level as a plant discharging into a clear mountain
stream. Any requirement to do so woculd constitute a violation of the eccnomic
law cf diminishing returns. On the other hand, it was agreed that a plant dis-
charging into a very sensitive body of water must abate pollution extensively to
comply with necessary water quality oriteria. Future enforcement actions by regu-
latory agencies would undoubtedly result in expenditures for pollution control
that violated the law cf diminishing returns. Mutual assessment of the effect
of such actions by industry and governmental ccntrol agencies could keep such
misuse of resources to a minimum.

Fertiliger producers in develcped ccuntries had taken a responsible
approach to pollution abatement even before stringent regulations were required
by national laws. Recent legislaticn would fcrce fertilizer manufacturers to
attain an wiprecendented level cf pollution abatement consistent with national
goals cf reducing polluticn to the maximum possible extent. If the fertilizer
industry was tc remain a viable producticn entity throughout the werld, the
same approach must be taken by the develcping ccuntries, and the world industry
must accept the challenge by allocating more funds for research and develcpment
tu reduce polluticn through process modificaticns and advanced pollution abate-
ment equipment and techniques.
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IV, ANTI-POLLUTION LEGISLATION AND REGULATORY CONTROL

Two papers presented at the Meeting direotly addressed the necd for
national environmental control legislation for fertilizer manufacturing. The

B

legislation and resulting quantitative waste discharge limitations of the
United States were presented in detail. Other papers from developed countries
alluded to features of their existing control statutes.

In general, two philosophies of control were revealed: (a) control based
on technology - the best practicable solution developed on a case=hy-case
analysis and (b) the ideal or universal solution using environmental quality
criteria. The cons~nsus of the participants was that both approaches, to one
degree or another, were suitable for developed and developing countries alike. »

Some developed countries used both of the above-mentioned control philoso=-
phies simultaneously, for instance, teohnoclogy-based oontrol for aqueous ef flu~
ents and environmental quality criteria based on human health effects for air
emissions. The Oroup recognized that appropriate legislation was needed to
assist meaningful industrial planning and that drafting and implementation of
any legislation must be undertaken as a co-operative effort between Government
and the the industrial ocommunity affected.

With regard to the establishment of specifio, uniform international
environmental oontrol standards, representatives of developing countries
expressed apprehension that such standards, whatever the basis, oould operate
to slow the pace of urgently needed industrial development. BEven if develop-
ment was not to suffer, fear was expressed that the establishment of reguls~
tions oould divert limited resources of both capital and technical manpower
to the various aspects of pollution control as opposed to the development of
new industrial capacity. In the case cof fertilisers, where serious world-wide
shortages already existed, a significant diversion of resources oould not be
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accepted. On the other hand, all representatives of developing countries
expressed an eagerness to accept responsibilities for environmental protection
in so far as practicable while providing the technical groundwork for improving

pollution control in the future, commensurate with industrial growth within
such countries,




Y. THE ROLE OF UNIDO IN ASSISTING DEVELOPING COUNTRIES
IN NININIZING POLLUTION FRON FERTILIZER 'LANTS

Industrial development in many countries c{ the world which were
endowed with plentiful raw materials and the means to explore and exploit
these materials, had given rise to a severe problem of pollution of the
environment, Even though pressures applied by regulatory agencies and the
public for a reduction of pollutants in waste-water discharges and
emissions to the atmosphere had led many industries to employ abatement,
water-reuse and reclamation techniques, such ecological treatment had not
been practised at all in most developing countries until recently.

The principal reason for this lag in the prectice of pollution control
in the developing countries had been that attention had first focused
on the processing and utilization of materials that were available from
indigenous sources, S3uch emphasis, besides providing employment, had
assisted in improving the trade balance of the countries and had contri-
buted to the development of secondary industries. Although the Govern~
ments of developing countries were aware of the severe and often irrepar-
able damage caused by industrial pollution, they were reluctant to take
measures to abate existing pollution and to prevent damage from newly
created industrios because of the immense economic and social benefits
accruirg from such industries., In recent years, however, some of the devel-
oping countries realized the importance of pollution control in their
industrial activities,

Increasing the yield per hectare was prodably the most important mseans
of developing agriculture on sound lines in developing countries where
land was limited and the pressure of population was heavy. The applioca~
tion of fertilisers for increasing soil fertility to improve orop yields
had bean considered as a memns of mesting urgwnt needs for food prodmction,




There had been a surge in the Luilding of fertilizer plants in regions
where ravw materials were available in substantial quartities or where cost
economics had favoured plants tised on imported materials,

Such fertilizer plants inherently caused effluent discharges and gas-
eous emissions of various sagnitudes that created gross pcllution of the
environment unless adequate treatment and control measures were adopted.
Pactors contributing to pollution from fertilizer plants in developing
countries were identified ass

Lack of proper operation and maintenance of the plant equipment and
existing pollution contrel facilities

Unawareness of, or indifference to, the hazards of environmential
pollution by the factory management and/or control authorities

Lack of technical guidance on the requirements c¢f the control
measures

Absence of control legislation and lack of adequate guidance from
Government
Solutions to the above listed limiting factors in most developing

countries should become part of national goals and efforts. The actions
that needed to be taken included legizlation on minimum environmental con-
trol measures and the creation of agencies to enforce these regulations,
training courses, technical guidance and comprehensive rssearch and devel-
opment work, Murther, the Uovernments shov1ld discourage the construction
of new plants that did not provide adequate pollution abatement,

Since developing countries were handicapped by inadequate resources
and technological expertise, it was the consensus of the participants that
intermational efforts through UNIDO were needed for effective collaboration
and co—ordination between developad and developing countries, BSuch actiw-
ities might originate with other intermational bodies such as the United
Nations Mavironment Prograsme (UNNP) the World Health Organization (WHD),
the World Neteorological Organisation (WMD), the International Clean Air
Oongress or the Intornational Water Pollution Control Pederstion,

It was also gwnerally agreed that vhen a country was unable to find
a solution to its pollution problems, the Covernment should approach UNIDO
for the service of experts in achieving the pollution solution, In all
mvirommental protection efforts, care should be taken to preserve the




social and economic bemefits of industry to the developing countries.
UNIDO, acting through governmental and university institutes, should play
a strong advisory role in the development of adequate envirommental pro-
teotion for fertilizer manufacture throughout the world,

A significant development at the Meeting was the free interchange of
information among participants within a pervading atmosphere of co=operation,
The need clearly existed for continuing interchange of personnel as well
ag information between and among developing and developed countries.
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Annex IT

DESCRIPTION OF THE PLANT VISIT

A fertiliger oomplex at Siilinjirvi produces 93 per cent sulphuric acid,
phosphoric acid (43-50 per cent PZOS)' 25 per cent flucrosilicic acid, mono-
ammonium phosphate; 65 per cent nitric acid and ooncentrated complex fertili-
zers of various NPK formulations.

The sulphuric acid plant has an annual output capacity of 265,000 tons
(100 per cent basis). The acid is produced by the roasting of pyrrhotite.
The plant operates with the conventional contact process achieving 98 per cent
oonversion. The sulphuric acid is used in the wet-process production of

phosphoric acid and some is sold.

The nitric acid plant has an annual output capacity of 85,000 tons
(100 per cent basis). The acid is produced by the conventional ammonia oxi-
dation process using ammonia imported from other locations. The plant uses
two oversized absorber towers which reduce NO, emissions to an average of
400 ppm. Most of the nitric acid produced is used in production of the nitro-
phosphate coemplex fertilizers, but some acid is sold.

The phosphoric acid plant has an annual output capacity of 120,000 tons
(P205). The acid is produced by the classical dihydrate wet process using as
raw material rock phosphate from Kola, Union of Soviet Socialist Republics;

95 per cent P205 recovery is reported. Gypsum sludge containing about

40 per oent water is discharged to a huge waste pile. No recovery of the
gypsum is accomplished. Fluorides rele;sed when the phosphoric acid is con-
centrated are recovered as a 25 per ocent solution of fluorosilicic aoid that

is shipped to plants in Uusikaupunki where it is prooessed into alkaline silico-
fluorides. Most of the phosphoric acid produced is used in the production of
mono-ammonium phosphate and the complex fertilizers.

The mono-ammonium phosphate plant has an annual output capacity of
150,000 tons. The produot is made by the neutralization of phosphoric acid
with ammonia, followed by crystallization and drying. The product is shipped
to fertilizer plants in Harjaralta and Kokkola where it is used as an inter-
mediate material. MNono-ammonium phosphate has been exported as well.




The complex fertilizer plant has an annual ouiput capacity of 200,000 tons.

Various NPK formulations are produced in a series of four reactors by the nitro-
phosphate process in which the phosphate rock is dissolved in nitric acid,
ammonia is added, piosphoric and sulphuric acids are added, an imported muriate
of potash is introduced. The NPK sludge is granulated and dried in two sphero-
dizers. The reactor system is equipped with floating bed scrubbers, while dust

is controlled by the use of bag filters.

The plant in Siilinja&rvi has an outstanding environmental protection pro-
gramme. With the exception of NOx from the nitric acid plant, all emissions
to the atmosphere are either collected as dust or are water ascrubbed. The
plant operates with a closed-water circulation system for cooling, process,
sorubbing and run-off waters. Even the rain run-off from gypsum storage pile
is collected and re-used. Treatment by double-liming is provided in the event
discharge to the lake (receiving waters) becomes necessary because the capacity
of storage ponds is exceaded by excess rain or otherwise, Air pollution emis-
sion were reported to be 1 kg/hr F, 12 kg/hr N and 10 kg/hr dust. No attempt
has been made to monitor the sulphuric acid plant emissions. Water poliution
discharges (to the closed re-circulating water system - not to the lake) have
averaged 5.0 kg/day P, 32.3 kg/day N and 15.4 kg/day F.

The SiilinjErvi plant comprises an investment of 220 million Finnish
marks or $60 million. It employs 500 workers. In 1972, the cost of installa-
tion of environmental protection equipment at the fertiliser plant accounted
for 19 per cent of the investment in that plant. Over-all, through 1973, the
cost of installation of environmental protecticn equipment at the Siilinjlrvi
plant has been Fmk 11.33 or about $3 million. These figures do not inolude
the installation of oversiszed absorbers at the nitric acid plant or equipment
for the recovery of fluorosilicic acid in the phosphoric acid plant.
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Annex 1II

TABLES: AQUEOUS EFFLUENT AND AIR EMISSION LIMITATIONS FOR
THE UNITED STATES PERTILIZER INIUSTRY g/
(United States of America Environmental Protection Agency)

1.

2.

3.
4.

5e
6.

T.

Category listing

Effluent limitations for best practicable
control technology currently available

Standards of performance for new sources

Effiuent limitations for best available
control technology economically achievable

Phosphate effiuent limitations
Ambient air quality standards

New or modified source standards
of performance

?/ Baned on a paper submitted to the Bxpert Group Neeting by
Ro R. Swank, lhited States of America Environmential Protection Agency

(10/Wa.175/21).




A.

B.
C.
D.
E.
F.

G.
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Table 1., PFertilizer Manufacturing Point Source Category.
Effluent Limitation Subocategories

Phosphate subcategory

1. Phosphate rook grinding

2. Wet process phosphorio acid

3, Wet process phosphoric acid concentration and clarifiocation
4. Normal superphosphate

5, Triple superphosphate (run-of-pile and granular)

6. Ammonium phosphates (monc- and di-ammonium)

7. Sulphuric acid (sulphur burning)

Ammonia subcategory

Urea aubcategory

Ammonium nitrate subcategory
Nitric acid subcategory
Ammonium sulphate subcat egoryd

1. Synthetic process
2. Steel mill by-product process

Mixed and blend fertiliuu‘/
(types A, B, C, and D N-PK plants)

o/ Subcategory status and effluent limitations in draft fors

are ourrently under EPA review (1 September 1974).
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Table 5., Phosphate Subcategory Effluent Limitations for
Allowed Discharges under Monthly Rainfall-
Bvaporation Excess Conditions
Effluent limitations
(metric units ~ mg/1)
Average of daily
values for 30
Effluent Naximum for consecutive days
characteristic any 1 day shall not exceed
Total phosphorus
(as P) 70 35
Fluoride 30 15
™S a/ 50 25
pH Within the range of 8.0 to 9.5 b/

s/ Total suspended solids.

b/ pH range specified is to insure that heavy metal discharge,
particularly Ra-226, is adequately controlled.
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Table 7. New or Modified Source Standards of Performance
- Pertilizer Production and Processing Plants

Procezse® and S/
effluent pa—ametcre Mejsajor. limita

Nitric Acid

Totz]l nitrogen oxiles 1.5 kg (a3 NO2)/ton of
product (as 1008 acid)

Visible emission 10% opanity

Sulphuric ac-d

Sulphur dioxide 2.0 kg (a3 S0,)/ton of
product (as 100% acid)

Visible emission 10‘ opacity

Acid mist 0,07% xg/ton of product

-

(as 100% acid)

Wet cegs phosplo :

Pluorine 10.0 gn total (as P)/ton

of ons feed

Diammonium pho agh&te!/

Fluorine 30,0 gn total (as P)/ton

of ,205 feed

Visible emission 208 opacity

%& and granular sanufacture)

Pluorine 100 ga total (as P)/ton

of ,205 feed

Visible emission 208 opecity

»/
Fiaie swermhospiate

Pluorine 0.25 gn total (as P7)/nour/

ton of P205 foed

y All discharge quantities are maximum avernges for the test procedure and
time specified (usually for ome hour minimum).

p/ Lisits given for these operations are draft omly, ocurrently wder FPA
review (1 September 1974).









