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ECO NOMI C ASPECTS OF NITROGE N STORAGE OF GRA INS . 
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AB STRAC T 

In this pape r t he economic s of t h e nitrogen pre se rvation tec hnique 

of grains is compared with othe r sto r a g e methods, s uc h as turn ing of 

the c e~ e al grai n bulk, dis infestation-fumiga t ion, vent ila t i on a n d r e 

friger a tion. 

A comp lete analy s is of s t ora ge center components is carr ied o u t. 

Howev e r, since ~he n ~in obj ective of the wo rk is t he comp ari son be tween 

the various s to r a ge tec h DJlogids, those co st i t e ms whic h c an be consi 

dered equa l in the differen t ~ ec hniques or a r e i nde pendent of the s e 

are not quantified (general costs , pers 8 ~e:: etc.). 

The econom~c evaluations carried out on the basis of dire c t i nd~s 

trial.experienc e and l i terature data s how that: 

- nitro gen storage of gra i n s is competi t i v e in respe c t to o t her storage 

systems; 

- th e prob lem of gast ightness of the silo s, wh e n tre ated a t the moment 

o f t he sil o c onstruc tio n , can be solv e d with no subs tan ti al inc r ease 


o f c osts; 


- the operati ng co st determine d by ni trogen con s mpt ions depends on 


t he 8~d2 of suppl y of the g as and on the size of t h e s tor age pant . 


In any c ase this co st is i n t he orde r of t he co s t of che mical disinfe 


st a t ion s o r lowe r for storage c omp lexe s o f large dimension s (ove r 


50, 000 tons ) . 


INT RODUCT I ON 

Th e scope o f t his work is t o fu rn ish evaluati o n e l ements on t he ap 

pli c at i on o f t h e nitrogen t echnolog y for g r a in preservation i n c ompar i 

s on wi th the t r ad iti onal sy s ems. 
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A ho mogeneous c o mp ar ison b etween the dif ferent technologies i s very 

d i f fi cult because grain prese rvat i on plan ts have des i gn and con struc 

t i o n char acteri st ics wh i c h are al way s ve ry di ffe rent and c a n s i gnif i 

can tl y i n fl u e nc e the uni t o perat ing cost s . 

In order to per f o r m the st udy, it was ne cessar y to a ccept simp l ify 

i ng hypo t he se s to fix a co mmon b asis for the compar i son . Two analyses 

vle re ,p e r forme d : 

a) Analysis of t he costs conc e r n ing the pre s ervation process only 

In this c ase , on l y the cos ts of t he s pec i f i c equ ipme n t used and o f 

t he ut il it i e s c onsump tion for the app l i caL i on o f the p r eservat i on pro 

ces s have been considered. 

b ) Full a nalysi s of al l c o s ts o f a s t o r age ce n t er 

This analys is is more correc t s ince the cho i ce of t he prese r vation . 
tec h no logy may have a n i nfluence ove r the magnitude and the distribu 

ti o n of all t he c osts tha t form the fi nal p r eservat i on cos t . 

Howeve r t his analys i s i s limited to t he definite realizat ion consi 

de r ed . 

The r esults o f t he t wo t y p es of analyses a l low to obta in a p i cture, 

comple te e no ug h , of t he economi c a spec ts of t he n itrogen preservation 

t echnology. 

The s e evaluat i o ns shou ld be consi de red preliminary and the costs 

at a on ly i n i cati ve va l ue s since the y were worked out on t he basis 

of data comi ng fro m d i ffe r ent , non homogeneous sourc es . 

ANALYSIS OF THE COSTS CONCERNI G THE PRESERVATION PROCESS ONLY 

In thi s analys i s we consider only the costs of the specific equip 

ment use f or the application of the prese r vation technology and the 

c osts l'elevant to the util i t ies consumption fo r the o peration of these 

f ac i l i ti e S . 

All t h e o t her costs: 

- t he cost of the silos 

- t!"1e co st of the a ux i l ' a ri es , r oads , land etc. 

- t he cos t of the gra i n conveying mechani z at i on 

- the cost of maintenance, hand l ing e t c . 
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are considered to be constant and unaff e cted by the preservat i on tech

nology. 

This is only a hypothesis because addi tional costs f or t he g asti ght 

ness of the silo are required for the c o ntroll ed atmosphere preserva 

tion technology. 

Ne verthless gastight si " o s (galvanized se amed sheet s i los , d ome shaped 

reinforced concrete silos e tc .) may cost le ss t han no n gast ight (con

crete vertical silos, vi t rified sheet-steel etc.). 

On the oth er hand the o pe rating simp l icity connected wi th the use 

of the nitrogen technology all ows considerable re duc~ions in t he latou~ 

costs. In fact s ome typical o perations of the tra ditional s ys t e ms are 

completely excluded, such as the freque n t con tro l s of the sto red p ro 

duct, its turning and, above all , t he t reatments wi th chemical disi n 

fectants that require the assistance of sp ec i al ized personnel . 

The o ther preservati on t ec hno logies considered for the compa rison 

are: 

- turn i n g o f t he produc t and chemic a l disinfestati on 

- ventilation and chemical disi nfes t ation 

- refrigeration. 

Through t he above mentioned hypothes i s, the c o mparison is no t homo 

geneous i£ the efficiencies of the di ff erent technolog ies a re not taken 

into ac c ount. 

It i s not pos sible to c omp are on the same basis " p reve nt ive" and 

very eff icient te chnologi es l i ke controlled atmosphe r e or re fr i geration 

and "curati ve" and / or less e ff icient tec hno l og ie s l i ke t urning , venti 

latio n and chem i c al disinfestation . 

A co mmo n basi S may be f ound wi th one of the two fo ll ow i ng assump 

tions: 

- the ini ti al charac t er i stic s o f the p re serve d produc t be i n g equal 

(mois tu r e content equal to the critical value for examp l e) , we can eva

luate a n averag e loss of produc t r e le vant t o each preservation techno 

logy; 

- the r esults of the preservat i on being e ual ( zero loss for example ), 

we c a n e valuate the s avi n g s pe r mit ed by the mo r e efficie nt t e c hno l o 
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gies that allow to preserve poo r quality produc ts and /or with h i ghe r 

moisture content. 

1. 	Comparison at the ini"c '.2.l characteristics of the prese rved Droduct 

being equal .. 

In table 1 the inves t ment cost and the runni ng c ost a r e summari ze d 

for each pre se rvation techno logy: 


- [of turn ~ ng the invest0e nt cos t refers to th~ tempeca ture c ontrol 


and che~iical distribut i o n faciliti e s ; t h e runni ng costs re fe r to t he 


electrical energy consump tion for turning and to the c hemi c a l con s ump 


tion; 


- for ventilation the i n ves tment cos t refers to the fans, di s tr i but i on 


pipes, te mperature control a nd application of chemi cals; the running 


costs refer to the e lect rical e nergy consumption for ven t ila t ion a nd 


to the c he mical consumed; 


- for r efrigeration the invest ment cost refe rs to the cooling p lant . 


fans and distribut i o n pipes; the r unning co s t r e fe rs to the e lec trical 


energy c onsumption; 


- for c ont rolled atmosphere technology it i s a ssumed to suppl y t h e 


plant with liquid nit rogen , so that the investmen t r efers to t he gas 


distribution and cont ro l plant; the r unning cost refers to t he n it r o 


gen consumpti on. 


For all the investme n t, cost d epreci at i o n i s e stima ted at a rate 

of 17 0 per year. In tab l e 1 the ave rage loss of p r o duct tha t c an b e 

e stimated f or each p r eservat ion tec hnology is also indi c ated . These 

val u e s ar i s e f ro m the ex i st i ng li te rature dat a a n d from dire c t experi 

ence acquired . 

Lo sses are i nd ica t e d in c er t ain ranges , since they are stat i stical 

val ue s. Fu rthe r mo re, all o t he r cond itions being equal , t hey depend on 

v a riab le basi c data, name ly: 

- on p r oduct physical characterist ic s (f r ag i l i ty and pu l ve ri zabi lity , 

prese nc e of i mpurit ies in the i nterstices, e tc . ) ; 

- o n the evaluation of qua lity losse s: the y d i ffe r i n c o nnect i on wi th 

the d i f f eren t ut iliza t i on o f the product , with he basi c va l ue a s ma r 

k e tabl e goods , etc . 
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TA BLE I SAVING S AL LOWED BY THE NI TROGEN TEC HN OLO GY I N COMPA RI SON WI TH OTHE R PRESERVA TIO N 
SYSTEMS ( ITALY -	 19 78 

Transfe r o f 
products and Ve n ti l at ion 
c h e mi cal d i  a nd ch em i ca l Ni troge n 
s i n fes tati on di s i n fe stat io n Ref r igerat ion tech n i q u e 

T nves~ ment cost f o r p r ese rvat ion 
l n~tal lat ion5 ( $/Lon) 1. 0 ~.G 6. 0 5. 0 

- ammor t i zat ion (S i t 	 0.2 11.3 I .O 0.8 

p e r at i ng c ost ($ Ito n ) 0. 5 	 ') .5 0 .3 0.3 

- produc L l osses 	 ( ( %) 1.0 + 2.0 0.5 + I.O 0 0 
( ( $/ton) 1.5 + 3 .0 0 .7 + I.'i 0 0 

ToLal cost ($ /ton) 2.2 + 3. 7 1. 5 + 2 . :_.~ 1. 3 	 1.1 

Sav ings al l owe d by n itrogen 
techn ology in comp a r ison wi ·th 

, ~h e othe r s ( S/Lo n ) 1 . 1 + 2.6 0.4 + 1. 2 O • L 

to"'" 
f-l 
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For the evaluati on of s uc h losse s an average va l ue o f 150 $/ ton has 

been assumed fo r the pre served produc t. 

It is then possible to cal c ulate an overall c o st of preservati o n 

f o r e a ch technol o gy examined. 

Fro m a comp a r ison o f the se costs it appears t hat the most eff i cient 

and e conomical are those prese r vati on systems whic h, on t he bas is of 

t he ~esults of the more detailed calculations, invol ve higher invest 

ment costs. Particularl y the n it rogen preserv a t i on s y s tem appears t o 

be most ec onomic, s inc e it allows a saving in the o rder o f 1 $/ton /year 

as c o mpared to all o ther technol ogies and of 0.2 $/ton /year a s compar ed 

to the re f rigerat ion tec hno logy. These evaluations refer to t emp e rate 

zone s . It is cl e a r that the s aving s bec ome muc h h i ghe r in tropical 

coun t r ies, whe r e lo sses with tradit ional st orage t echn iques are hi ghe r 

due to the clima tic conditi ons . 

2. Comparison at the r esul t of preservati on be i ng equal. 

Reference is made, he reinafte r, to the cas e o f maize preservatio n 

for a period of time o f six months in a 2 7 ,000 to n storage c o mpl ex in 

19 78 in U.S.A. 

The i nfo rmat i ve principle of this ana l ysis i s thaL, whi le by t he 

preserva ti on system base d on ventilation it is possible to pre serve 

in the are a c o ncerned, wi thout any lo sses, a produc t having 15.5% maxi 

mum moi sture, with the nitrogen p reservation system , it is possible to 

pres e r ve , for the s a me per iod o f ti me of s ix mo n th s , a p r od ct having 

an ini ti al moi s ture content of 19%. 

Th is po s s i b ili ty involves a saving in the cost for drying which i s 

expressed in th e foll owing a a l owe r c ost of the maize a the moment 

of harves t a nd purchase. 

The cost of maize at 15 . 5% mo is ture is, i n U.S .A . t about 2.00 $/Bu 

( 1 Bu = 0. 027 ton ); maize wi th highe r mo is t ure is penali zed by a 4 c/ 

lE u d i s c o unt for each nit of percen t exceed ing 15 . 5. Thus the cost (C 

in $/Bu) o f the mai ze with X mois t ure hi gher than 15.5 i s: 

C 2 - 0. 0 4 ( X - 15.5) 
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The comparison of the costs for pre serving mai ze h av i ng 15 . 5% mo i s

ture by means of ve n ti lati on and of t h e costs for p r e se r ving maize ha

ving a moisture varying fro m 17 to 19% by me ans of the treatme n t with 

nitrogen, is made in table 2 on these bases. 

The initial cost o f t he ma i ze and t he prese rvati on cost s are refer

red to the dry weight of the product i n order to avoid c on s i d e r a t io n s 

on the quantity of water ass o c iated wi th t he ma ize . 

The basic data for the eva luation are the same as in po i nt 1. I n 

this case too, it is a ssume d that liquid ni t rogen wi ll supp l y t he 

plant. 

From the compariso n of the costs of maize dry we ight at the end o f 

the prese r vation p e r iod it a ppears that it i s more c onve ni e nt t o pre 

serve maize hav i ng 19% moi sture by means of n itrogen than tD p re serve 

maize having 15.5% moisture by means of ventilation s inc e "t is poss i

ble to have a savi~g of about 1.4 $/ton. 

The application of ni t r oge n technology to products having lower mo

isture results in smaller a d v antages a nd , in the bo r de r - l i ne c a s e, for 

maize having 17% moi s t ure, we have a pproxima t ely t h e same final c ost 

as in the case of ventilati on of maize having 15. 5% mo is t ure . 

FULL ANALYSIS OF ALL COSTS OF A STORAGE CENTE R 

This a n alysi s is ext racte d from a st udy , sup po r te d b y t he I tal ian 

Mi nistry o f Forei g n Af f airs, e v a l u a ti n g t he poss i b i l i t y of t he int ro 

duction of the ni t r oge n t e c hno l ogy i nto a tropic al coun try. 

For the ni troge n t e chnol ogy a ppl icat ion two differe n t plants are con -

Dome-shap ed re info r ce d conc r ete s i l o s with p r o per internal coat i n g 

adequate to attain the require d ga st igh t ness. The sto rag e compl ex c o n 

sidered is made by 12 bin s wi th a t o t al capacity o f 50 ,000 to n s of bu lk 

cereal. An on spat nitrogen p roduc tion p l an t is des i gned i n order to 

supply the r equi r ed quantit y of the gas. The equi pme nt for th e load ing 

and Lh e unloading of the c e r e a ls from t he bins i s ve ry s i mpl e a nd is 

made by fix ed a nd mob i l e s crew c onvey o rs. 

Sto rage c omp le x as des c r i bed a bove. The a lte r nati ve is in the eqU i p

me nt fo r the l oading a nd un loadi ng of the cere a l , tha t is made wi t 



T ABLE 2 SA VI NGS A LLOWED BY TllE NI T RO GEN T ECHN OL OGY 

7 , 000 T ON STORAGE COMPL EX ( USA - 19 78) 

FO R MOI ST MA IZE PR ESE RVAT I ON I N A 
.;>. 
~ 
.;>. 

Tr a d itional st or~g 
t e c hniqu e 

Ni trogen tech n i que 

Ma i ze Mo isture Co rlten t ( lib) 15 . 5 17 1 8 1 9 

I ni Lia l c os t of Maize ( $/Su) 2 1. 94 1. 9 0 1.B6 

( S/t o n ) 74.07 7 J .85 70 .37 68.B9 

Initial cost o f dry 
ma tter ( S/ l o n d. m. 87.66 86 . 5 7 85 . 8 2 8 5 . 0 5 

Cost of the i n stal l a t i o n s 
fo r t h e p r ese r vat i o n 
- ammortization ( S/t on) 0. 1 1 0. 80 0 . 80 0 . 80 

- ope ra t ing c o s L ( S/t on) 0. 01 0 . 28 0 . 28 0. 2 8 

- tota l 0.1 2 l. OB l. OB l.08 

- tota l r eferred t o d r y 
mat t e r (S /ton d . m. ) 0 . 1 4 l. 3 0 1. 32 1.33 

~i nal cost of dry 
( $1 to n d. m. ) 

ma tt 
8 7 . BO B7 . 87 87.14 86 .38 

Sav i ngs r eferred to 
matte r ( $ /ton d.m.) 

d ry 
0 . 0 7 0. 66 l.42 

Sav i ngs in 6 mon t h s ($) 1,570 14, 6 1 0 1 , 05 0 
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a fixed plant. 

For t he traditional preservation technology (tu rning of t he product, 

chemical disinfestation etc.) we conside r 5 different storage c amp e xes 

r e presen tative of the most common types o f silos u t ilize d in tropical 

coun trie s ( Bal wanth Reddy, 1976 ): 

Conventional Godowns (C .G . ) 

These are horizontal structures utilized for bag s t orage of g r a i n s 

having 5000 tons capac ity , wi th a fl oo r dimersion o f 12 4 m. x 21 .7 m. 

and 5.6 m. high b r i ck walls with three compartmen t s and long i t udinal 

platform on one side. Road and rail sidings are norma lly p r ov ide d fo r 

receipt and despatc h of grai n s . 

Flat Bulk Storage Gcdowns (B.G.) 

These are flat godowns s u itable fo r handli n g g rains in bulk . The ir 

shape is simi l ar to the con v entional godown s . 

Reinforc ed Co n c rete Circular Bins 23 .5 m. d iam . and 10 .5 m. high 

(C. B. ) 

These bin s are lower in he ight than t ypical s i los , the y h ave a lla t 

bottom and dome shaped top. 

Rein f o r ced Concrete Vertica l Silos (V . S . ) 

These si los a re tall structure s, 30 to 40 m. high a nd 8 - 11 m. in 

diame ter . The y h a ve hi g h cap a c ity loadi ng and u nloading e qu i pment, dry

i ng and ae r a t ion fac iliti e s, capa bilit y t o mix gra i ns a nd fu mi gation 

on si:~ ~ . 

Port s i l os ( P.S.) 

The s truc tural shape o f the se sil o s is simi l ar to R. C . C . Silos . hey 

are in s t a lle in ba tte ries cl o s e t o the berth . The y h a ve ad i tional 

pneuma ti c un loade rs, o f up t o 800 tons pe r hour c ap ac i ty . 
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1. 	 Investiment c o sts 

The investme nt cos t s ~o r each of the described plants are repo rted 

in 	table 3 . 

The items c ~ nside r ~ d are : 

Land 

The r e quireme nt of l a nd for storage varies accordi n g t o design s . 

Thus; bul k storage , vertical structure s , such as silos and b i ns wo u ld 

require less l and , compared to the co nventional flat storag e faci li 

ties. 

Our est i ma tion of t he e le men t of land cost i s based on its r e quire 

ment for diffe rent desi gn s and sizes of depots; a n d its c ost i n d i f f e 

rent regions. 

The c o st of land would vary fro ~ lo c ati on to l oc a t i on, d e p endi n g 

up on the n t u r e o f land, proxi ~i t j t o ro a d, rail or main c iti e s or d ue 

to its strategic importanc e . 

Approac h Road 

The ini t ial c o st of construct ion of intern al r oads is affected by 

the extension of the sto r age comp l e x a n d by the construct i o n mate r i a l s 

(concrete, bitumen etc.). 

Railway Siding 

Similar to ap p r o ach r o a ds, the l e ngth of r a ilway s idin g varies ac 

cording t o the extension and loc~ti on o f the deoo t f r om t he main line . 

Anc illari es ( Office, Comp ound Wa ll, Foreign Ame ni t i e s, e tc . ) 

In a s t orag e de pot, i n addit i on to the main s truc t u r e , a dmi n i st ra t i 

ve c omp l exe s , wa t er s upp l y and d r aina g e sys t ems , cant e en b l ock , l a v a to 

r y and s a n i t a r y arrangements, comp ou nd wa l l s / f e nc i ng , qua r te rs f or wat 

chman , e t c ., are prov i ded , d epe nd i n g on the s i ze a n d s t a f f stre ng t h . 

Equ ipmen t 

It i ncl ude s the l oad i ng a nd unl o a d i n g f acili t i e s c o s t s. For the n i 

troge n te c h no l o gy it includes the c os t of ni t r ogen p roduc t i on and o f 

the distribution p l a n t . 

-




TABLE 3: SUMMARY OF INITIAL CAPITAL INVESTMENT COST PER TON OF STORED PRODUCT-1979 (US $/ton2 

TRADITIONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY 

Item C.G. B.G. C.B. V.S P.S. D.S.l. D.S.2. 
Conventional Flat godown R.C.C. R.C.C. Port Dome- Dome
godowns unit 
of 5,000 ton 

for bulk 
storage of 

circular 
bins of 

silos 
of 

silos 
of 

-shaped 
R.C.silos 

-shaped 
R.C.silos 

capacit y 10,000 20,000 20,000 50,000 of 50,000 of 50,000 
tonnes unit tonnes tonnes tonnes tonnes tonnes 

Land 1. 66 1. 66 1. 57 0.56 4.62 0.70 0 . 70 
Civil works 
(35 years for 
C.G. and 50 
years for silos) 36.96 46.20 46.20 75.77 140.46 27 .49 29.91 
Railway siding 
(15 years) 4.81 4.81 4.81 3.14 2.96 4.81 3.14 
Approach Roads 
(10 years) 2.22 1. 85 1.85 3.14 2.96 1.85 3.14 
Ancillaries 
(35 years) 4. 71 4.71 4.71 4.99 4.62 4.71 4.71 
Equipments 
(10 years) 0 . 73 16.63 18.48 64.68 161. 90 14 .33 33 . 71 

Total cap ital 
. 

US $ /ton 51. 09 75.86 77 .62 152.28 317.5 2 53.89 75.31 
- 0l>

eo 
-J 
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Civil \'!orks 

The initial costs of co . struct ion of godowns and silos are inc l uded. 

This inc ludes also foundation ~oofing, flo or finis h, etc. Fro m the 

values indicated (Balwanth Reddy, 1976), it is possibl e to draw the 

costs of silos a n d g o d owns working ac c o r ding to the c onventional p re

servat ion tec hnology ( table 3). Table 3 a lso shows the c os t s of ai r ti

gh tsilos to be utilized f or th e app l i cati on of t he nitrogen techno l o 

gy. 

Th e overall investment costs ob tained i nd i cate tha t t he inves tment 

costs for storage according t o the nitrogen techno l ogy a re equiv a l ent 

or even lower than those refe rring to units func ti oning a ccord ing t o 

c onventional technology. 

2. Runnin g Cos t s 

It is understood t hat the se are inc lu s ive of ma te rial and labour . 

They can be divided into fixed costs , dep endi ng on t he capaci ty of the 

storage unit, but not on t he quan t ity of ce ~eal grains t ~e ated, and va

riable costs, which are p ropo rtional to said quantity. 

The fixed cost s are (tab le 4): 

- Depot Establishmen t 

The cost relevan t t o the permane nt staff engaged in manag i ng the d e 

pot. For storage u n its work i ng accord ing to the n itrogen techno l o gy , 

the cos t s for pe rsonnel are cons idered equal to the val ues r e l ating to 

conven ti onal preservation, even though i n this case a l esse r ope r at i o 

nal activi t y is r equi red for the preservat i on of the e r eal grains. 

Head 0 fi ce and Othe r Overhe ads 

It r e gards the c ost of head off ice and regional o f fi c e staff engagec 

in i mport, procu r e me nt, transportation, d is t ri but i on ope rati ons and 

other activi t ies. 

Main tenance and Rep a i rs Cost 

The annual ma i ntenance and r e p a ir are evaluated as a percentage o f 

t he presen t v alue of cap i tal co s t . 
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TABLE 4 S UM MA RY OF AN NU AL CUR RENT COST S . P R I C~ S PER TON HANDL ED AT 100% UTI LIZATI ON , ON E ANNUAL 
TURNOVER - 1 9 79 ( US $iton) 

TRADITI ONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY 

Item/ton 

1. 	Maintenance 
of buildings 

2. 	Maintenance 
of equipmeht s 

3. 	Local tax e s 

4. 	Depot esta
blishment 


5. 	Head office 
oversheads 

6. 	Handling 

7. 	Grain loss 

8. 	Energy 

9. 	Pre servation 

10. Dunnage 

11- Insurance 

12. Gunn y 

Total cost 
US $ lton 

C.G. 
conventional 
godowns 

0.54 

0 . 03 

0 . 14 

4.07 

0.96 

2.09 

3.70 

0.03 

0 .44 

0.35 

0 .5 5 

10.16 

23.06 

B.G. 
bulk 
godowns 

0.62 

0.67 

0.22 

2.01 

0.96 

1.04 

1. 85 

0.24 

0.44 

0.55 

5.08 

13.70 

C. B. 
circular 
bins 

0.62 

0.75 

0.23 

2.01 

0.96 

1.04 

1. 85 

0.24 

0.44 

0.55 

5.08 

13 . 77 

V. S. P.S. 
silos port 

silos 

0.91 1. 58 

2.61 6.63 

0.49 1.05 

3.14 3.14 

0.96 0.96 

1.04 1.04 

1. 85 1.85 

0.48 0.48 

0.44 0.44 

0.55 0.55 

5.08 5.08 

1 7 . 55 22 .71 

D.S.l. 

0.42 

0. 58 

0.16 

3.14 

0.96 

1. 27 

0.48 

0.35 

0.55 

5.08 

13 .00 

D.S.2. 

0.44 

1.3 6 

0.25 

3.14 

0.96 

1.04 

0.48 

0.35 

0.55 

5.08 

13.65 

,;:.. 
(0 
(0 
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For simplicity, we propose to take the maintenance charg e s as 1 per 

cent for civil works and 2.5 per cent on equipment on a linear scale. 

Local Taxes 

The taxes on assets including t h e corporation tax on land and bu il 

dings, is taken at the usual ra te o f 25% of the present val ue of capi

tal cost. 

Loading In and Out Charges 

Also known as handling charges in the godown or silo, the ope r ations 

involved are: 

a) Unload ing from truck and stacking to the re qu i re d h e ight, i n t he ca

se of conventional godowns; 

b) Unloading from the wagon and stacking; 

c) Destacking and loading into trucks/wagons; 

d) Weighing and standardisation charges. 

Weighing and standardisation operations are not i nvo l ved in e v e ry 

case and are required only for about 10 per cent of the grains handle d. 

Handling in and ou t is basically a labour- intensive operation and 

it should be confined to conventional godowns. Because of the ex i s t i ng 

systems of arrival and despatch in bags, even silos incur certain han

dling cost. 

Storage Loss 

Storage loss is dep e ndent on the in it ial cond itions of the grains , 

p e sts , t ype, durat i on o f storage and preservation methods. We h ave e s 

t i mated t he annual grain loss in conventi o nal godowns for bag s t o r age 

as 2% a n d the corresponding figure in bulk si l o / bins as 1 percen t i n 

case of conventional pre servation. 

Nitrogen technology providing the p~event i ve p ro tecti on o f the ce

r e al,al l ows t o obtain no product loss. The c o st of grain lo ss pe r t on 

of grain is cal culated on the basis of 180 S/ t on ce r e a l cost. 
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Preservation Cost 

It includes the cost of chemicals used for p r ophylact i c and c urative 

treatment. 

In the case of nitrogen techno l ogy t he protect ion treatmen t i s 

achieved by nitroge n, comi ng from the gas produc tion plant. The treat

ment cost indicated corresponds to t he cost of the utilit ies co nsume d 

by the plant for 1 year preservation assuming the f o llowing unit costs 

for the utilities: 

electric power 3 .5 t! Kwh 

GPL 15.4 i/kg 

cooling water 1. 8 O cm 

Cost of Dunnage 

Th is is required or-.ly in 1:he case of convent i onal godowns and CAP 

storage to provide protection against surface dampness. 

Cos t of Gunny 

At present a large par t of the distribution of foodgrains i n t ropi

cal countries is in bags. '~ :'·ne purchases are norn'ally in bags. From the 

procurement stage onwards, si n~ e the present handling, weighi ng a nd 

transportation systems are in bags, gunnies are utilized bo t h for si lo 

and conventional storages. In the case of silos. the bags are sl it open 

to pour grains into hoppers of elevato rs used fo r f i l ling the bin s. 

The bulk discharg e is r eba gg ed before handling a n d load i ng into 

truc k s or wagons. Therefo r e , t he use of gunny is unavo idable in both 

systems of sto r age at p r esen t. 

Ene rgy Cos t 

It refers to t he energy required fo r t he operati on o f conveyers , 

b ucke t e l evators , ope rati on of t h e l o c o mo tives and generators. 

Th e same cos ts are con sidere d irrespective of t he preservation t e ch

nol o gy. Ac tual ly, the cos ts of energy are highe r in the case o f conven 

ti onal pre s erv a t i on, where th e ce r e a l is turned to aera te a nd cool,than 

in the c ase of p re se rva i on acco r di ng to nit rogen technology. where the 

energy c osts only relate to t h e load i ng a nd unloading of the product. 
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Insurance Cost 

Grains are insured a gains t fire, theft , etc., and the prevail ing 

insurance charge is 0,55 $/ton . The same incidence has been cons ide r ed 

for the case of nitrogen t echnology e ven though it p robably allows a 

certain saving due to the reduced fire h a zards it i nvo l ve s . 

3. Analys is of Preservation Costs 

It appe a rs that the inve stment a nd r unn ing cos ts for storage units 

wo rking according to the nitrogen t ech no logy are equiva l ent to o r e ven 

lower' than those referri ng to units work ing accord i ng to c o nventional 

technologies. 

For a more reliaa le c o mparison, however, it is necessary t o t ake 

in t o accoun t t he different duration of the va r i ous compone n ts of the 

storage unit. 

All the costs can there fore be re fer red to a c o mmon base of dura tion 

(50 years) summing up t h e discoun t ed present value s , at 10% inte r es t, 

of the repl ac ement cost s of components with life sho rter t h an 50 years 

(tab le 5). Furthermore, the various running costs per year that will 

be incurred in the variou s cases shall also be considered. I n orde r to 

calc~late an overall cos ~ , it is necessary to caJculate the di scounte d 

present value, a ~ 10% i n terest, of the subseq~ent yearly payme nts 

anticipated for t he ru~~ ~ng s f the plant for the base duration of 50 

years (table 5). 

The summat ion of the present values of the i nve s tment a nd runn i ng 

cost s r e sults in the l ocal p re servat ion c os t s fo r the various c a s es 

conside red, as r efe rred to the y ear ly preservati on c yc le and to 100% 

util izati on of t he s t o rage capacity. These c o s ts are r eferred to a 

c o mmon base and all ow i mmedia t e comparis on . I t t h ere fore appears that 

nitrogen techno l ogy i nvo l v es ove ral l p reservat i on cost s l o wer t han 

those invo lved by the conventi on al tec h no l ogi e s even whe r e the la t te r 

is applied to ve ry e c o no mical si los suc h as the conventi o n a l and t he 

fla t g odowns . 

An equi valen t bu t mo re conveni e nt e xpressi on for p r e s e rvation co s t s 

is poss ib l e by expressing them a~ cost s per ton per y ear. Thi s is 

ob tained by estimating the capital costs as a unifo r m annual s eries on 
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SUMMARY OF PRESENT VALUES, AT 10% INTEREST, OF CAPITAL COST AND CURRENT COST FOR ONE ANNUAL 
TURNOVER AND 100% UTILIZATION OF STORAG E CAPAC ITY - 1979 (US $/ton). 

TRADITIONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY I 

Item C.G. B.G. C.B. V.S. P.S. D.S.1. D.S.2. 

\ 

P.V. of 
capital cost 54.98 89.42 91. 61 194.94 419.60 65.33 98.93 

P. V. of 
annual cost 251.70 149.54 150.30 191.55 247.88 141.89 148.99 

Total present 
value 306 . 68 238.96 241.91 386.49 667.48 207.22 247.92 

- - -- - - -- -- -_ .. _-
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r ABLE 	 SUMMARY OF ANN UA L TOTAL COSTS PER TON AT 10't, INTERE ST , FOR ONE TURNOV ER AND l OO~ 

UTIL1 ZA TION O~ STORAGE CAPACITY - 1979 ( US Siton) 

I 

I 
TRADITIONAL PRESERVAT ION TECHNOLOGY NITROGEN TECHNOLOGY 

Item C.G. B.G. C.B. V.S. P.S. D.S.1. D.S.2. 

Annuity figures 
based on 
present value 
of capital 
c ust 5 .55 9 .02 9.24 19. 66 4 2 .32 6.59 9.98 

Annual current 
cos t 23.06 13.70 13.77 17.55 22 .71 13 .00 13.65 

-- 

23.6328.61 22. 72 23.01 37.21 65 . 03 19.59 
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the basis of the present v al u e estimates of inve s t ment costs of tab l e 

5 a t 10% i n terest and 50 years, and a ddi ng to t h i s t h e r unning costs 

re ,;:urring every year. Table 6 provides the total cost per t o n handled 

in diffe r e nt designs, with the i mp licit assump t ion t hat there i s on ly 

one turnover with c apacity utilization at 100 p e r cen t . 

Th e ove rall preservation co sts , e ven whe re t h ey are exp re s se d as 

yearly c o sts, are lowe r with t h e nitrogen techno l ogy tha n wit h the 

conventional technol ogy. 

The saving in the yearly c o s ts al l owed b y t he nitrogen techno logy 

as applied t o storage units D.S.l, c ompared t o c o nve n t i ona l preser

vation costs wi th the mo st economical t ype of unit ( B.G.), is about 

3.13 $ per ton per year cor r e s p ondi n g to ab out 156,500 $ per year for 

a 50,000 to n s to rage unit. 

CONCLUS IONS 

The results of this st udy show t h a t t he nitrogen tec hno l o gy for t he 

preservation of grains is c o mpetitive, from an e conomi c s t andpoint , as 

compared to the o ther te c hno l o g ie s used . 

In the cases examined , t he inv esti gat ion showe d t hat a s av i ng of 

ab out 1 $/ton ye ar is ob t aine d by treating the c ereal acc ord ing to the 

nitrog e n t e c h nol o gy . 

The s e econ omical advantages arise from 1) t he reduction i n qua nt i 

t a tive an q ualitat 've l osses of product , 2 ) the widen ing of the range 

of pro d uc ts to be sto re d (hi gh moistu re ma i ze for examp l e ), 3) the 

p o s si b i lity of usi ng v e ry large and c hea~ structures that canno t b e 

used wi tr tracti tional preservation tec hnologie s . 

The inc r easi ng c osts of energy s ou r ces nece s sary for grain drying 

a n d that for c hemic a ls for gra in d i si n festati on permi t to pred i ct more 

a nd more ec o no mic al advantages ar i s i ng fro m the n i t r ogen t echnology . 
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