
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


i)tlSt¿ 
United Nattons Industrial Development Organization 

Second Interregional Peru Usaer üympoaium 

Kiev» US8B, 21 September - i Ooto-feer 1971 
Ëm Dalli*.,  Inaia,  2-13 October 137i 

Agenda it«ft lV/2 

i*n> 
Distribution: 
LIMITED 

1D/WG.99/3? 
'', August 1971 

Originali POLISH 

«JMTOTCAL 3töBKC¥ A3 RAM MSB mx^ 

by 

M* 'lai« Zaky 

EgypUin Chemical IriJuátries - ¿IMA 

T7 ffct vim and opinions espresso« in this paper art those of the mAtor 
ma do not necessarily reflect the views of the secretariat of UMIDO. 
This docuswtt has been reproduced without formal editing. 

Id.71-6B97 

mmÊÊÊÊÊÊÊÊ Hüiai-^b 



ti» rofrot «feti Mat ©f tfcft pjgMi i» tlM »i er of Ich« 
¡ copy of this ropotY My not tM up to tbo proyy 
U|ibillty stMdarda, •«•* though tt» tost possible 
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El ft e tri c¡ al Snergy v-nti *'~n   ' 

ïhf.' great role of electrical energy la the oerviee 
of mankind le förhnp» cuora popularly reoogmtead in it« 
di.veci: U3îî: 1n #••?;  oarviuc;  of   .,&n whether at "  Hone  " at 
« work »  in office, f-.ctory,  f-ira, hoapltal  ...   , or in 
• trau«;ort * and Coaauiiicatloati • etc... Ta fact • 
electrical onorgy *  ie now the »w.ia. driving ferae in our 

dully activitiae BO much that it har, tec orne a " controlling" 
coaaiodity in aotWa lifo.    As auch it ia a coaaodity for which 
there ia always a " rising demand " Furthenaora, with oodara 
duvaleptenta arid progrese of ji asking thia " rising demand • 
actually ineroaeeu fit *ittcfe higher ratas tì;an    thof.e for 
otnar important QOLinioditiea.     Piguroa showing £1«etrical 
energy Señera ti jn ¿ar :'.s»iàtn -ind £1 ectric.il energy 
Ooaauapticn par Capita are ackaowladg^ d* Indicators M of 
taa dtrralop^ent and i-roaperlty «f any Country. 

In oonaa^uenoe ol  thia graat and avar rising daaand 
for fleetric.il Uargy, tha olactricnl industry taking fall 
CögniBünce oi  %>.v fact ^nd wi «n a clair and u a tu ta 
outlook    tu    the futura    raavonaad   with H    cra&h   " 

MM 



d«velop:aon*   protrarr : e.    in   tho   !*ol ! ••'•vi r - min  fii-liy   ? 
1   - The Generati >n  nf m^ctr-" eil   Sr.fcr^y ir. 

«r^ator» bulk at ' trhrr e ¡TI oioncy. arri 
jO'íer coa*."  of   pre :u - ;.ion  - Heneo  the 
novr ?1an«:  ur:l ir,  v/heth^r Th^rnai   « 
Hydro^l'iC fcri ^ <"*r •- T^rt •'•:v ertati t. ¡if 
il"!  - Nuclear 

? - The ?rüaíjBíl83ií-*T« anû  •ij»î*.ribu*ifîn of 
"Lectrice 7.   .".'pf'r-y ••••ith rir-i.u.   3 osooß 
fi* m in i Mas eo- *;r;. 

3 - Tho íÍewlo^Tñn*"  o* now   trplicationr anci 
•'¿ppl lancen  in  the ce-vice of   unkind for 
flreatar efficiency and higher orofiperity- 

4 - '0  Tho Jev^'Loprîion»; of trv   ïftBifT! of all 
tltctrica1   3-p,rli--.n.;<3tï with thi* bu.:ic 
objective of ralucinr fie»? 
T>) Th'j -raa» mnrkwUng of these now »pplianc«« 
at easy terrse 

Sltotrioal   energy aa   Haw Material   : 

Another v*ry importan- .le^rfc atish i e not 
r* co 1 vin/: ine »t*e»ri on i«  tne roi e ni  Electrical  T'nür^y 
a» a baule  "-»»-.y hat* rial»  ir= -oi-m ir iin^rUl  iievsiopie'Sßt 
in the  relatively r«e«  fi*îdr of "leetr^'hfraical and 
Elsctrotharn.ai Induarriui-, -T.*.   î 

a) ?he production o^ m octroi y tie Hydrogen. 
b) "Phfi prodVïMr»r- of CM orine 

c) The ?roWi:,r: of rieten**i  Pho-trfcoroa 
H  1*h« ï.roiu"tt0r> n* ferrali"! htys 
#) Th« pr*-1«iî+l«r. of liuririur 



It ip  interesting  tt   ,ot„   ,hat a] thoufíh  tho 

basic rrlnolrle«  for indwetrial   proludi• were  long 
known yet *h? d-ïvoloprcnta tn  th*   •! oc troche .•:! aal   and 
-ileetro*h«r~al   Industries  wert  aiwayo  punctuated  by 
the levelo^^n-3 0f SUctricV   In-iu«try in the   four 
r.:.ln   fioll«  ou-iine-i ubovp  in  th« exuot orricr luot-d  - 

ïr Illustration ^ ahm c-maider briefly ia 
thia paper two casea -»f particular !nt^rft3+ to  tlie 
Torticiranta   «n-1 in lireat r^itior. tn  the general 
•abject of the  "yr.poaiun   ,   r.Miel.v  ; 

"! ;  ?he  ivolMctïùn   ¡>i' yic^ctroly-ia Hydrogen - 
A way to   the probation of Ammoni* whi¿h 
io »ho cheapest "or:  of »Uroflen available 

?. The pro iunior of tlwtenta!  Phouphorua 
by the Flee tro them-.* 3  Proceaa -  »p* 
bein«- one of -nain plant nutrients - 

TU* production  o" Hydm^n by  «aoetr^lmia  of »ate*  j 

As previously jrentioned the b*die prlnCplea 
fer the electrolyse of water Irto H.vdro.nm «nd Cxygen 
»•re wen  known for * ,<>n<' u.c. It- ^ alao we: i  knovrn 

•t the MM t.*re that ?:,Jro*en an produced by electrolyaia 
hm the hi-he.-t purity . It Joes n0r «¡horror; requie 
any epccUl ariilti-v^l   precedes   "or el «armili* or 
•eriibbtn/: - TMo of cour.»<? i,, a rrCit   iivnnfta*» - 

Whilst 51*ctralv«?ra were <tev<*1or--?*d by 
mmr.oua mamifiiotui^r« yefe  they wir* u»ed  In •*<.  majority 
fWr the   pro-ÎU3*tûï. o;  Hydros   r>r i„ .„tries ©ther than 
th« Nitrogenous  »artilleur Tndu-.ttr-y. 



lar-*  -lectr-ì-/—   H..n-.  for «i* rroiucMon 
of H^r^-er.   :or  *h,f ritroso *f.  >^li-'" Iriuctry 
mon   xs  t.h*  riorsk Hydro  Incite l\?Um?,   in Norway  , 
fhe Bakhra Hanral   in Tn<3Vt   '-ni  ?T^,  Ae-v.r, UA*? 
war« d-jvelopp^ ar'proj?**^   ^   Ln^iHei  in connection 
with the dovelo-'-ien* of .ira .lor ^-drc-electric energy 
ptioure^a and *a auch  forraoíi   •  t.ajor -rnsutner,  with 
tho neeasaary fUiribiU'y riq-^re* for the *Tydro - 
alsotric enumy propesi with ite aeaeonal ató  fir* 

corapoaants - 
?h<* i*lva.^o/-;f» of obtttinirr a quality elaaB 

fus (B?)   on  one a tap ia   fully r-oo-nîin i.  Yet  th« «tW 
•ltctrolywir pfecaac for the promotion of Hydro«*» ft* 
tho Nitrogenous  ?ortiliaer Ir^uerry JO«I«B often tt«t«r 
critican on account of ocono'ic coœtKrison »ltn fttttr 
processoti us ini: Natural ras of Saphtta eto... 
A careful ani detallad econorric a tua y taust be caji*4ii 
ont #er prorar «va'* i+iona taking into 3onsid*r*tio» i* 

a)  The aar-ur*?-! «uprly »^ w»1V»bility ##. ti§.;... 
<?*w S^t-^ri-ito -?h*th*r rißötrisal   fe*W 
/Gaa ¿fiaph* ta e+s... 

o) Th* COJí; or   "ï.c   r.iv.- ^^r al   fTíactfiftó-;.,•:.'• 
•tinrpy   'GaJ/Maphtta «te... 

e;   ?he 7)aüii'¡-- ani Toîa-i^P- '"*•'  'ht*  pVwt..' 
d) Th^ ¿"Moloney ^* o*"^r*tion of th« pl»ft%t 

e) Tho er. î  proluct. 
3wi*ior» cul à only >e t'-imn on *he b*ftï« 1^ 

cifftf1»! atu'iy of wr? ca ;?    r"i v**»  .us"  warn » *aift»* ^Wl 
eon*iep*ior oî a "uïo^n"   -.wwr - 
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Indice ]t   wo "\.,y a »v  th it   i  rroporly Josiane! 
electro! y M -  Hylr*'}"^-   r'-— '   ir. i.-Ti i 

,1u<iici-udly  ir.'-e-" •*ith  *h- 
mil on, 

^•i1   Betwo-': 

«ffficirnH y .'»'"rate::?    im  "uir + 'i ;.»•«> ••  vm^-r v,-c'*i'áent 

orfani r/Vi .,n   ;¡-¡ú   Tanv;;rufenl- a I-i   •< r* '-ini y r:t.m.l   *cll 
my   •>]   n (>. ;:-V   b.l i;'-   Competition   :j.T'iri'.; 

'm  '-th^r  jT!)'':.'':;.':":i   * 

•'n   ;rrp*rt&nr   :riotiír oí"  c-.,¡i ->;e  ;.*  the  eos*  o? 

tv*  raw -¡.-iterili   (whtth-r    a*o*rie i I   .rer-y •"'3aü/Saphtti».... ) 

"¡•he  oort o:'  £1 caricai  "ner.i -vili  b> ¡ie-ìlt with in later 

Flirt he r.-.or 2,   tho economics pr »he  -lectrolysia 

woulrl be groat ti y   ?naancc 1  if 'he by  ;.*ro3ttcf- Oxygen la 

,1tt'1lciounly u*liiß»d - 
Kl*sìiF?n*3l   Phosphorus   : 

•Zi >:r,r.n*a]  Fhot-phorur.  3.-* rot fnund In nature - 

Apatites or r-hosrhori*e.-  oontatr JT< *o 1? f (norrilly 

about 13-5 1 * 31 >' PpOj) - Blf 4crosi*y o' apatites urm 

founl  nfi th* Kol'~   ••nnlneulir, TT" I? - Pure unatltos are 

voi sanie rook -Thir  phori*c:; ori~inu*e  fro- *h« weathering 

of apatites or fror ti*»r-nait» ft*" ^nl^'H  rerrMw-;  they un* 

ointa prVwrily ir. Tenn««'*©«,  Florida -mi Idaho in USA 
in  *hr  Arnb vorlà   ,   -ri  in    V  7ar\tyn "wntuinn  în 

tr*, auction of "hoophrjrae by ino *loctroth«nial 

^roc«ö3 roquín •  »-h« U.-ì .- r»r lur.py rock r-boor-huttM,  dry 

coke us rei tacine •gert   ifid »iiîcon ¿»ratel or quartelt© 
(or bímíüv calcium. 

"or the  pr<viucMon ci   >~-.i » "entai   ••h-.-.op^oruo 
F,   "ohler consfileti  thv  forrulu   • 

"Saj(PC,)?»  3Oí   •  ÜSiO?* TA* 5:u   ,U 0.+ 10 CC  *  5140 BTÜ 

The power raqui retante  for this elee tro thermal 
nrooivi.j  lie.-«  tn the  rspion of U .Tr* - 13,0 '' Kwh ver 3? 

r»hor-••honir« u«) fu*DrA4->e  power - 
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ti;   .....  ./el1   í-.'.;V:í   ;'. • :   -•• -r.   , j •   :, ..-    .-::-;....,; 

uaüJ en an indujtriaJ   í.CMI-: lo   t-'t.j   .jrc,;aoU"4i of Ltif^'i-crio 
acid, nisafsly  ; 

a) aiîlci •'vniuh i>; ;-rouecod i'r-.v. tat  w/t ±i¿ráfiUon 
¿roco»& y? vhosyti-Ate rock '».IWi í*aX¿,íjytr*l^ acid. 

b) add iii'odacoi fro^ el-*.nro-gjher;*uì elei;.enteil 
jubo Chorus. 

üb* tt&clarx^iccl '  ^t  •  ¿r^Odtir '...eld, 1B its j>'i»t 
¡édition ut  tï.b choj¿r;f cela,  i;: í,Mí table for diking 
fertili aeri* e. f.   trii-lt:  ^•ip3r*..-ioa/::*-.'ì.ta u^a ci-.'., 3i&&iut& 
ï^toaphutefe ( f^rtilieer #rade  LS - 46 -• u ' ;cn the other 
tE.nd it is not suit&Viü for fciiii...;oni or at*» la liquid 
fertilisers anri rwuoniijja jolyrihoar-hate  production without 
further treatment. 

On ti*e ctàer lv:¿nñ e."i«jtrv-tb.ircal acid is of high 
rarity áud li? well  em ted tra  tu Manufactura of industrial 
ïhoarhata».    ¿t. ?an be ¿ reduced ia any desi re f ccnoeatr&tlon 

uj. to 8C < F2°5u"lû is saitabj.^ for   -unking high aaalyeif» | 
auiôrphcsi^tc-j (  5/ * J^ /f in¿h grada-diummoniu* rhoephate * 
( 21-53-0),, timaioniua ¡xl + ^icaii ¿i,* (15-6--CO ¡.-ad high analysis 1 
liquid ¿ertili.sari*,    i.^..^,  n. ...¿30 ...  v.•«bata.itiui. ani growing ¿ 

de^und for i-u^orphooihoru- uc.^ ,;»> j.i»uoni;.t'î(j ¿u* erj hoèiAoric } 
acid Bolutioa  (   ii-37-     )  i^r UB<J   >n   U*i-.ld fertilisers.     Ine 
*ht>le - eivle wirket r-rice of ti.ose •i.-jtv'riJU  i:» ubout 2C5É higher ¡ 
l>er ton or I2v/-thrta in trj.jlü nuj&.r i*os..lu.te or diua*oniuifl "] 
iJro.^itoe. j 

iîiatorictLUy, el-utroUaro.aï. .-de h ,e t'.iô di*adv¿ntige of hi#J \ 
eeet which resected ito ¿reduction tr.-a li .itoi ita u«* to high Î 
HU, lity high  ì-vìcvà. QUO * j.ndaet^... 

..ith iki.-»j.tiá for iu!v'-.»r increasing acra rabidly than 
it» ni>ply, une Toa o.r tul.hur feeing revived per ten of 
P^Cj. in ^©t ;.roi;eBo u<.id,   sulfur nhort^ee dfveloi, d, it« 
¡•-rlcaii increto*,    nd *n o-r^.a-mc«* •.. mi  ri•tn wore 
forced to reduce r.r-„iüictii;-. in .^r ^r*b uf th* world. 

i 
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The Shortage of sulphur una the   îigh oobt of oulptiurie acid 
fron* other eouvce« directed attention to alternative netaode 
una in particular the fUectxo-iharKiil   prt»ceo:i. 

Recent levelgp^mui in  cUeign <ind KUvancea tn 
eleotrie - furnaco technology resulted in tte utoady iner«aa« 
of furnace capacity from '-'0 - ?.ej ¡M to :?C :i« whioh wore 
coaxal aeionod in I9tü» - 196¿ ? furnaoee of higaar capacity of 
60 «Mr ««re devilo pod and inetallad W 1966 - Electric furaareo 
of capacity of 70 .Äff ettch were  later dcvolcped ar.d installed 
by 1968 - 1970. 

In oonsoquenoe, Tctctrotheraml sold production   is 
beooning eteadily cheaper on account of th- following 

1        economic factors  : :3t 

.%m 
a) -¡odor» edvancea la Xloofcrie furnaoe design and 

Technology and the development of lr*rgo oansoity 
Bloc trie furnacss up to 70 'if la oparatloa todavy 

b* the increase of total plant capacity to alalaa« 
200 - 300 r.tW by planning and installing tares, 
four or aorj la-'fío oa¿aoitj aratoti, 

e) Üighsr off eoi enei eu in operation and aal n tonane e 
of the plant. 

d) Lower electric onergy cost duo to the devolofoont» 
of large capacity electric ensr¿y generalità« 
whether by ¡uodern tharcal, Hydrationtrie or» ftttelos* 
Stations, 

0) Lowor olootrio energy oosts feto to nigh load raster 
of the Rleotrothoncal plant» 
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f) iSnergy r«oo"í»ry ~? v.;.»----r _?:'.. 2 :ailliin TTÜ per sr 
phosphorus by burning che phoophúrus furnace gas 
which originatee au a by  products 

g) The possible oconoœio utilisatiun of »lag heat. 

h)  Wie naie of olug anà ferrophoephorus. 

i¿. Hie suitability of  the  oldotrofricx-inul furnaoe 
for i-roceasiiiej ïo»v co.st Imi ¿rad* ihospbats reek 
( 23 £ P20ç )  j rovi do d  tnat the impurity le aalnly 
Sili ce.-Content s c£ AL2£, up tp "i # ani ?e ^0* about 
3 # of aore cFuri '>« vtUieoj without di »advantage 
On the otherhur*u, these iajcartios AL?CK • Pe20. 
are liaitod to a total of 3 i in rook for wet 
prooeea acid. 

i) Be higli concentration e.f feleftWtal pheophorua 
which aay be readily    (»hipped by rail in mild 
e eitel  tanta or by burro nn.i by hi^h sea vessels. 
It As interesting te noto that ahipment of One 
Ton of elsnentnl P^PIìOAU*» woolci üujply the sane 
acuaint of P¿Cc af  ejrror. 7.5 tone of phoaphate 
rook plus 2.2  tons of siUphur in the wet process. 
Also one ton of leaont»!  ¿.Hsophrruo io equivalent 
to tua phaophoznxs oonnont of 5 Tons TCP or DáP 
fro« wet acsid process. 

Therefore substantial savniga in transport seats 
otaj be obtained si fcfc higher »conofaio advantages 
te tiio ¿lectrothenoal .orcoesu. lartioularly for 
41 stunt aarkôtc by ahipjing alonen tal phosphorus 
to the market area for converaion to fertiliser. 



Je)  The production of high quality high priced 
industrial  troducso indi premium high analysis 
fartiliEars as end products. 

Tag Coat of Electrical Enervi  ; 

Th£ Joot of electrical tnargy la »ade ttp of tba 
following »ala eoc-oraonts *. 

o) Cost ©f Ér©n«ration 
bl Cost of trsjMfttBtrlon 
r)   Co-i*   r,f   áiíi^^lb'VtiCfl 

in daí;ervinin¿ tno boiling rrica of ^tectrioal tiaarpy 
»•.© conaui&ara tho follovung i ict^ra mint oo tak^n into account! 

a) Jii«.  iypn of loafl und it is «¡h&r.tctariotioa including 

lc** factor rvnd po*cr factor. 
b) The location o¿  tha load. 
-) Thû volila of ¿a:.ply 
d)  TÍA« quantity o* «intricai «n^rgy eoaauraüd par 

a.inyui.   ( K*iiö/'Ana  ; 

¿le'jtrsttisr.aal ana !;iac 5rc«Jhe:.nieal IoJUitriei» »ra 
larfc* ooafauaare of eleo tile onargy ;.swraw rs-Atcrlal", banc« 
thsuo Industrie*  ;;.a-chasc their raouirsn:anta of slt-auric*! 
tncr¿^ in oulk r.n  fc\o hi<;h vclt".(*a terminals (•».?• 1.12 K.V.) 
?uitijttXTioro cioc\.roobe:Bl>':Bl ant electrotaartnal industrian 
are ueuully ¿Owitou «losa by tho .¿.¿in joareaa of alec trioni 
energy ani ara character* :.• ed oy 't nigh I0..1  Tactor ( almost 
l.C ).   iuch inOurtrica find it scoaonical to pay spadai 
attention tc  V.« .VUr.i,rii!*l <i*at«n, arj^J l»ì.yr i-c und intar- 
connection of thaao 4ljmU .«nd to cornet tiiair ;;o««r factor 

to the  iiccs accnc-lo UJU'-.    1* ••-.no^-iAu« ff ¿11  thsñ« 
consider <ticn:;   ,1öC :,A^l.^ut.«:. *na ..jfc-c-.ro Cernai ir.duotriaa 

have ti.© privi J-vT* of i-urcv,y.;«ïg the:r ro tu-^wu»* tc of 
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elodtrical energy ut  r, oh % . ^ trl^ rat 2 o thin other 
concuraers whether other indu stri.*!. (  «.£. wet procees acid 
textiles etc...   ), general i.txixUen r..^.   puling «tatioaa 
etc...  of houeehoia oar rie oft. 

$»e ¿rro&t dfevelopaejtc anJ recent »dvaaoee in ta« 
design, inatalV^tion and technology of ftualear energy 
generation nhr.Il  certainly laad te t:-.e <i val lability of 
great bulk» ol   eine tri c-tl   ^n^rgy f¡t   vac;?  lo**er prie»a. 

Tbl:-!  ir turn eh-ill «.1-/e »rs-it impotu« to the 
economic devel^uant of ele-tro-shoialesl ani eleo tro themal 
induetrias i*Bin«r eie;trie eucr;y as M  raw aateri'il". 

ine rrcntlMv of lnrge A&ro-Industrial Complexée 
baaed oa Nuclear energy may be visual i ned huvln* the following 
ocapónente ; 

a) A 1 ±r&z Suoiear "o.jer »tutitm 
'») A lus¿9 .vi»ta;* dortili^ftfc'^u plant lav irrigation, 

ittUuati'iai nn.i nojseìt-ìlil une« 
u) **L .ictiol y ti e hyìragoa lA.-it f*>r th¿ j-roauctioa 

•!• of A.i.r.oni.t for fevtiliBCir. 
d) 21octrotherci&l .Clem^atal phoaphoiue ior In du« trial 

rhoa.'ihatea ;:*nd t»tgh tm.¿lyaif» fertiliser , animai 
fôsd ju^plenent etc... 

e) H *• P - K fertillí.feúr ^zv.iuüCion. 
f) Ctht*" ^lectrftchenioal »tnd elee tro theraal industrie* 

c.^,   ¿hiorine, .J^jr.irmT.,  rarrcallwya ¿e jay pro m 
economically fe-i¿i*?lo according to the location 
under consideration. 

tfuch Avrò - 1 rulas? ri O. Complexes .*ay he vieuuiieed M 
» lifo line '   ircjectB prc*83ntin£ an ¿ooaoaiü solatie!* t© the 
basic probloire öf tcon^üic développant *nd high r#t«a    of 
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