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ABSTRACT 

The main characteristics of the first i ndust r i al s tora g e p lants fo r 

c e real g rains, op e rating acco rd i ng to the Sna mproge tt i prese r vat i on 

technology in nitroge n, are de s cribed . In part icular the difference s 

in technical soluti ons in f unc t i on o f t h e v a r iou s pre s ervati on n e ce s si 

ties are put in t o evide nce. 

The storage plants operate with excellent r esul ts since t hree y e ars. 

The data ac c umul a ted dur i ng t he ir op e rat ion p e r mit to d r aw t h e fol low-

i n g conc lus ions : 

- the nitro g en pre s e rvation me thod can b e a pp lied a lso to i n dus tr i al 

plants o f l a rge dime nsions, obtain i ng i n a l l par ts o f t he b ins c ondi 

tions a d e qua te for the s at i sfactory p r ese r vation o f ce real grai ns; 

- the i r vestmen t cos t s for the i nst r umentat i on nee ded fo r the p r e ser

vati on in ni t rog en do no t c ause s i gni fic a n t vari ations in the ove r al l 

inves t me n t cos ts o f the storage plants; 

- the nitrogen c o nsump tion dur i ng the prese rvati on depends on t h e pa r 

ti c ular t ec hnical s o l ut i on s adopte d , yet they a r e in any case i n the 

order o f 2 - 5 SCM/ton. 

INTRODUCTION 

Th e f i rst Italian l arg e sc a l e faci l ties for the storage of grains 

in ni t r oge n, ope r ating since t hree years are: 
3

( 1 ) IVO, Tuscania : storage complex with 4 silos , 2 , 200 m each. 
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The silos have a fl at base a nd a c onical roof ; the cons t ruction ma te 

ri al i s f o lded galvani zed stee l for t he c y l i nder and welded ste e l for- 

the roof and the floor. The s il o diameter is 13 m, the he i ght of the 

cyl inde r is 15 . 3 m the tot a l he ight is 19 m. 
3( 2) S . R.M. , Roma : storage comple x with silos of 600 m each . The 

sto r age complex is composed of 26 f ibe r glas s silos , 6 m in diameter 

and 20 m height . The silos are based on con ical concrete bases coated 

wi th re "nforced polyester paint ing connected to the cylinde r . 

These two complexes have very di fferent characterist i cs ei the r on 

the basi s of preservation necessities (1 year prese r vation in the IVO 

plant few months i n the SRM plant) or on the basis of the product to 

be preserved (malt i ng barley, and wheat for human consumption fo r the 

t wo plant s re spect ively). 

In o rder to bui l d these two p l ants many technical and economic 

questions had to be solved, concerning : 

1 - s ilo gasthightness 

2 - ni trogen supp l y system 

3 - p lant safety 

4 - interst i t ial atmosphere substitution 

5 - ma i ntaining of the control l ed atmosphere. 

The s e questions are briefly iscussed in the fol l owing, and the 

experimental results obtained during the o peration of the plants are 

repo r ted. 

SILO GA TIGHTNESS 

To maintain the controlled atmosphere inside the silo, a good gas 

tightness of the si lo itself is necessary in order to avoid oxygen pen

etration from outSide and/or large nitrogen consumption. 

Many different industrial silos can satisfy thi s requ iremen t : we l d 

ed steel bins , fo l ded galvanized steel bins, fiber glass bins, coated 

conc r ete silos . 

The tes t for gastightness of the silo is normally performe d before 

the loading , in order to seal the eventuall y discovered discont i nuity 

in t he st r ucture . But the test is very difficult to be performed with 

an empty silo particularly fo r thin wal l and/or metal silos, because 

g 
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the s urround i n g temperature changes produce s ubs tan t i a l ly pressure 

var i ations i n t he s i l o a nd i ncohe r e n t r esults of the test. Only a 

rough test may be performed with an emp t y si l o . 

More accura te r esults may be o b t a ined p erforming the test after the 

grai n l oading because the gas tempe r ature i ns i de t he s ilo changes much 

less, owing to the l arge heat capac i ty of the gra i n . 

In any c a se some temperature variat ion i n t he head space occur s , 

s o that f o r very gastight structures exact resu l ts may be obtaine d 

only wi th a 3 - 4 days p ressostati c test . 

The test is pe r formed maintain i ng a s l ight positi v e pressure i ns ide 

t he s i lo for the whole test t i me wi th a pressostat which supplies 

measured quant it i es o f gas whe n the pressure drops under set value P . 
s 

Wi th a fi ll ing rat i O of 95%, the pressure var iations relate~ to the 

s u rrounding tem perature var i ation (less than 30 0 C) are l ower than 50 

mm wat er co l umn . So that the si lo safety valve does not operate (the 

operat i ng pressure of the val ve is about 100 mm w. g .). The gas ins ide 

t h e si l o in d ischarged only t r ough the iscontinuities of the struc 

tu r e ~d the meas ured quant i ty Q o f gas supplied to the s ilo to 

mai ntain the pressure ove r the P set is equal to gas loss f rom the 

s ilo a t the medium pressure between P and P attained during t he 
set max 

te s t . 

Th is quantity Q is a meaningful gastight parameter as it equals to 

the nitrogen consump t i on for the operation of the control led atmo

sphere silo . 

The measured values of Q for the two plants are reported in table 

1 . The values change from one silo to the others so that the minimum 

and the m~x i mum of the s e values are reported. 

To compare these values with pub l ished data of gastightness, we 

have calculated , from the measured values of Q , the usual gastight 

pa r ameters : 

- t he constant f l ow rate F necessary to maintain the pressure ins ide 

the silo at a g i ven c ons tant value , i n particu l ar a 250 Pa. (about 

25 mm w.g.), at const~t internal temperature ; 

- the time T necessary for a pressure decay from 250 to 125 Pa . a t 

constant internal temperature. 
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TABLE 1 SUMMARY OF GASTIGHTNESS TESTS: 

Plant Structure 
of the 
bin 

Capacity 
of the 
bin 

(m3 ) 

Filling 
ratio · 

Measured 
gas consurnp
tion giving 
P medium 
= 45 mm w.g . 

3
(m /day) 

Calculated 
time for a 
decay from 
250 to 125 
Pa. 

(h) 

Calculated flow 
rate giving a 
constant pressure 
P = 250 Pa. 

(l /s) 

IVO folded 
steel, 
welde d 
steel 
floor 
and roof 2260 0.95 4 - 6 5.8 - 8.6 0.03 - 0.05 

SRM fiber
glass 
painte d 
concrete 
fl oor 600 0. 92 4 - 8 1.1 - 2. 2 0.03 - 0.06 

I 

I 
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Experime n t a l va l ues of these p a r amet e rs are not presented because 

in these very gas t i gh t st r u c t ures it was i mposs ib le to obtain repro

duceable results owing to t e mp e r ature var iat i on s . 

NI TROGEN SUPPLY SYSTEM 

The nitrog e n of t h e required pur ity fo r controlled atmosp here 

application may be suppli e d in different way s : 

- liquid nitrogen supplied by a Commercial Company that also leases 

the storage and vaporization facilitie s ; 

- gase o us n it r ogen produc t i on from an autonomous plant j o ined t o the 

grain s torag e complex. Diff e ren t kinds o f nitroge n product io n p lan t s 

may be utilized: combusti on , mol e cular siev e , a i r liquefact ion p l ants. 

Yet the rel a ti vel y low c os t of t he li q ui d n i t r oge n suppl ! e d b y c om 

mercial c ompanies in Italy (about 15 ¢Im3 
f or large n i tro ge n c on s ump 

tion in 1978) mak es the utilization of autonomous ni t ro ge n p r o duc t i on 

plants econo ~i c only for l arg e complexes of not les s t h an 50,000 ton 

capaci t y. The refore the n itro gen necE s sary for t h e o pe r ation of t he 

two plants has been suppli ed by commercial Italian compani es. 

The difference in the n "t ro g en flow rate and c onsumpti on during 

the purge and maintenance o p e ra t ions sugges~s the utilization of 

differe nt fac il i ties f or the t wo operations: 

- a mobil e larg e liquid n i t ro ge n sto r a g e tank , h a ving a v e r y e f fic ien t 

vapori z ation f acility, is u s e d for p u r g ing t he a i r in the si l o; 

- a sta t ic sma ll l iqu id nitro gen s to rage t a nk is using for ma i nta inin g 

the co n t r oll e d a t mo sphere i ns i de the si lo. 

PLANT SAFET Y 

A pres s u r e re lie f valve must b e f i tted to t h e roof of the s ilo i n 

o rde r to preve n t exce ssi v e pres s u r e build up or re duct i on , wh ich may 

caus e s truct u ral damage to the s i l o. 

The two pl a n ts u t ili z e a t wo plate va l v e o pe r a t i n g at 100 m.m w . g. 

A hydr a u l ic seal o n t h e nitrogen supp ly line pre en t s any excessive 

press u re bu i ld up du r ing t h e pu r ge of the air in t he si l o . 

The h a z a r d d u e t o the lack o f o x ygen ins i de the si l o i s prevented 

e x c l udi n g the p o ssib i li ty for me n t o ge t i n t o t he structures during 
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the c ontrolled atmo sp here ope rati o n. 

At unl oad ing of t he silos t h e o xyg e n con t ent in the internal atmo

sphere must be t ested a nd ventilated if necessary before the personal 

ent r y of a p e r son is al l owe d. 

SUBSTITUTION OF THE INTERST IT I AL ATMOSPHERE 

The s ubstituti on of the in te r stitial atmosphere for a grai n bu lk 

stored in a large silo and / o r with a low hight/di a me ter ratio present s 

some difficulties fro m t h e e ffici ency a nd n i t roge n consump tion point s 

of vi ew . 

Bette r c ondit ions should be att a ine d by a p lug fl ow of t h e s upplie d 

nitro gen. Ac tual l y strong d iff ucion p he no mena occur bet wee n t h e ni t ro 

gen front and t he air insi d e t he bulk o f the g r ai n s and . st i ll more 

in the headspac e . 

More ove r t he convec t i ve currents, cause d by the temperature gradi 

ents insi de the bulk of the grains and by t h e tempe r ature differences 

at the walls, carry t he nitrogen al ong prefere nti al d i rect ions enhanc 

ing the diffusion phe no me na . 

For the two pl a nts the purge was perfo r med supp l yi ng gaseous nitro 

g en to the botto m of the silo at a constan t flow r ate, We meas ured 

the oxygen con te nt in the atmo sphe r e di fferent pai n ts i n t he si l o and 

at differe n t times during the purging o peration . 

These resu l t s have bee n ut ilized to tes t the purging model that 

assume s comp l ete displ ace men t of the gas in the load sp a ce and pe r fec t 

mix i ng in t he headspace of the storag e bin (Sanks , 1979 ). 

Acc o r ding t o th is mode l to oxygen co centrat i on (C) i n the l oad 
x 

sp ac e at a di s t a nce x f r om t h e nitro gen "n let must presen t a discon

tinuous reducti on f rom 21% t o 0% a t n itrogen f ront arri val time 

(t ) 
a x 

tha t is: 

( C ) 21% whe n t <: ( t ) 
x a x 

( C ) 0% when t > (t ) 
x a x 

...... 
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whe re (V) is t h e vo lume of the s t ored product, f r om t he n itro gen
B x 

inl e t to the sect ion x of the s i l o, n is t he product po r os i ty , W i s 

the n i t roge n fl ow rate. 

At the o utle t of the silo he oxygen c oncen t r a t i on C p r e dicted by 

the mode l i s an e xponent i al func ti on o f t ime beg i nn i ng from the n i t ro 

gen fro n t arrival t i me to the bo r d e r o f t he l o ad s pace : 

t 
a 

th3.t is: 

c 21 % when t < t 
a 

t ~ ta 1c [_ wh en t ::;:.. t21 exp ~ J a 

V
HSwhere rc = w 

and where VB is t he t o t al vol ume of t h e loa d spa c e a nd V i s t he 
HS 

volume of he ads p ac e. 

The compar i son be tween t heo r et ical and exper i menta l resu l ts is 

shown n figu r e s 1 and 2 fo r two te sts pe r f o rme d a t the SRM pl ant at 

di ffe re nt purg i ng f l ow r ates. The indicated values of the velocity 

r e f e r to the cros s s e c ti on of the bin. 

A shi f t o f the experimental results f r o m the theoretical values 

in the load sp a c e appears: lar ge axial an r adial d i ffus i on phenomena 

app e ar in t he mi dd l e sec t i on of t h e si l o . The nitrogen rises qu i cker 

a l ong the ax i s of t he s ilo and along t h e wall facing the sun than 

a l o ng the o t he r wall . 

Convec tive f l u xes may be re s pon s i b le for th i s behaviour since the 

tempe r a t u r e of the whe a t was grea t er than the a mbient temperat ure . 

On t he c ontrary a t the outle t sec ti on of t he si lo a uite good 

f i tti ng of the e x pe r i me n tal results was obtained . The fitt ing is in 

any c ase bette r at the highe r pu rging veloc ity. 
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Fig . 1. Compari son b etween theoretica l and experi mental result s o f 
fiberglass bin at gas ve l ocity of 1 . 41 m/ h . 
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To summarize the results ob t ai ne d du ring t he pur ge ope r at i on i n 

the t wo plan t s, we can consider the effi cienc y of purg ing E de fi ned 

as the rati o o f the ni trogen consumption predic ted by t he model and 

the expe rime n t al one VG : 

E lOe 

I n table 2 t he E va lues obtained duri ng t he te st s perfo r me d at the 

two plants, to a resi d ua l o xygen conc e ntrati on of 0 .5% vol. a t the e n d 

o f purg ing, a re reported. 

A clear increase in t he eff i c i ency wi th an i ncreasi n g purg e f l ow 

rate appears. Moreover, at t he s ame fl ow r ate, a grea t e r e ff ic ienc y 

occ u rs i n the test per fo r med at the SRM plan t in c omparison to the 

IVO plan t . The greater r ation of the he ight to t h e diamete r of the 

silos (3. 3 versus 1. 3) may be r esponsi ble for the g r eate r eff i ciency 

in the SRM t e st. 

CONTRO LLED ATMOSPHERE MA I NTEN ANCE 

After p u rging the s i l o it is nec essary to main tai n a constant 

val ue of the cont r olled atmosphere compositio n . Oxyge n may penetrate 

inside the silo o win g to co nvec t ion and/or mo l ecular diffusion . 

In ord e r to p r e ve n t th i s p henomenon On the t wo p lant s , a slight 

posit ive p r e ssure was maintained in the silo . I n t h is way convective 

flu xe s f r o m ou t s ide a r e pre sen t a nd di ffus i on is h i nde r ed by the 

o veral l f low r ate fro m inside to outside . To reduce nitrogen consump 

ti o n , the pre ssure o f t he pressost a t was s e t at t he l owest value ca

pable t o avo id any i ncrease i n the oxygen content : abou t 20 mm w.g. 

Th e press ure v a r ia ti on i nsi de a silo of he IVO plant is reported 

in fig . 3 . The pres s ure inc r ease s d u ri n g the morning f r om the set 

v a l ue, P 20 mm w.g., attain i ng a maximu m val ue o f abo u t 70 mm w.g. , 

which is less t han t h e ope r at i ng pres s ure of the safety valve. 
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TABLE 2 SUMMARY OF PURG ING TESTS: 


I 

I


Final head Eff i c iencyEquivalentPlant AverageFilling 
space oxy-Velocity inratio purge 

I
gen contentempty silo I
flow rate 
3
 (m/h) ( I.)(% vol )(m /h) 

I 


0.95 22
IVO 0.17 0.5 33 I 


IVO 
 0.95 0.5066 
 0.5 50 


IVO 
 0.95 133 
 1.00 0.5 67 
, 

IVO 0.95 200 
 1.50 0.5 83 

I 


0.92SRM 40 
 1.41 0.5 91 


SR:M 0.92 55 
 1.94 0.5 94 


- -

01:> 
<:n 
<:n 
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Fig .3. Diurnal c h anges i n p r ess u r e in an IV O p l a n t me t al bi n and ni trogen consu mpt i on f o r t h e 
maintenance of P i = 20 mm w. g . m n 
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This maximum va l ue is i n agreement wi th the prediction that may b~ 

done know i ng the f il ling ~atio and t he headspace temperature va ria

ti o n: 

6 T p p 1 +m x set T 

where T is the "nitial headspace tempera ture (OK ) . 

It appear s that f or a g i ven headspace temperature var i ation, su h 

a l im i t value of the fi l l ing ratio ex i sts that below it P be -
ma~ 

c omes greater than t he o peration press ure of Lhe safety valve and 

v e ry large ni t ~ogen con s umpt i on for t he mai n t enan~e builds up . 

In f i g . 3 the maintenance nit r ogen consumption is also reported : 

du r i ng t h e morning the p r essu r e i s greater t han P t and the nitrogen
s e 

c onsumpt ion is ze ro; 

in t he night a n i t r ogen c onsumption e ual 	t o the gas loss during the 
3

whole day occur s. This c onsumpt i o n was 4 m /day for the tested silo. 

CONCLUSIONS 

The data accumulated du r ing the operation of the first indust r ial 

plant s fo~ the sto r age of cereal g r ains in nitrogen, allow to d r aw 

the foll owi ng conclUSi on : 

the nitrogen p reservation method can be applied also to industrial 

pl- n ts of large dimensions , obLain i ng in all parts o f t he bin condi 

tion adequate fo~ the sati s factory p r eservation of the cereal g~ains ; 

the total nitroge n consumptions measured during the operation of 

the I VO pl ant , at near to optimum pu r ge ve locity , are about 0 . 9 and 
3

2 m Iton fo~ 1 month and 1 year p r eservation time respectivel y 

(tab le 3) ; 



00 

oj>. 

CJl 

TABLE 3: SUMMARY OF NITROGEN CONSUMPTIONS 

Plant 

IVO 

SRM 

Fl ow 

Load rate 

(ton) (m
3 

Ih) 

1600 200 

440 55 

~L 

Purge 

Nitrogen 

consumptions 

(m
3 

) 

1356 

366 

Maintenance 

Consumptions Consumptions 

for 1 month fo r 1 year 

(m3 ) (m
3 

) 

120 -t 180 1460 -t 2190 

120 -t 240 1460 -t 2920 

Tota l consumptions 

for for 

1 month 1 year 
3 

m Iton 3 
m Iton 

0.92 -t 0.96 1.76-t2.22 

1.10-t1.38 4.15 -t 7.47 
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t he total nitrogen c o nsump t ion s measu r ed at the SRM plant a r e 1 .2 
3

and 5. 8 m Iton f or 1 month and 1 year pre s ervation time r espec t ively 

(t a ble 3). 

The high value of the surface to vo l ume r atio for the SRM silos 

is r e sponsible for h ighe r nitro gen consumpt ion . 
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