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: | Three stages are invOIVed U th
‘f‘isomeriZation, dehydrogenation and alkylation"
"i‘conVert n—butane to iLs isomer 1sobutane which is Hn eSSential reagent in‘ti

Y L g
S oz wﬁ, 6 i
S | LT S0 0
;FQK‘W t]ﬁ; (y,‘ - ”SUWMRY
fhf{,‘ ‘ I‘izt; L » w Background
ifr "d - itfg“ “' Large quantities of. LPG will soon become available for domestic tise in ”“ \‘If"z‘
L”‘ L ?%;’ :‘South Australia from the 1iquids fractlonatlon plant currently under : construction“‘ a éd'
. g : fﬂ croat Stony- Point. . One possible use which could be of dlStlnCt beneflt to f:‘“
| %f “?ﬁ‘ ’South Australla s the manufacture of hlgh octane gasoline additives by an i
‘ e alLylation,process. : Alkylates can be produced from-LPG by flrstly converting b
"i f;Ei ‘fpropane and butané to propylene and butylene and theti redcting these products‘ “‘: ‘ g
{‘ ,jgﬁ,” ; wiLh 1sobutane. : ‘j e o R .V‘ "*mg; s o ““U‘ A'L‘ ‘ra ;
"h‘ ié.} P The South Auatrallan Department of Mines and Energy commlssioned AMDEL A ' d%
N to carry ‘out’ dost. studies for convertlng some of the Cooper Basin LPG to hlgh et
8 2 - octane‘alkylates.‘ : : e ‘é
LT O « ‘ ObJectives ‘*’ 5 : 2
% ;r %§‘( : The aims of this progect were as follows.‘ E‘“n ’ "}ﬁi”
g ‘:”fN .f“‘f ”’:tnl;ffTo investigate the economlc vlabllity of producing 5:ﬁy‘grfdma‘iltf.&fu]: ’%F;'fﬁw
; "f_fg o G high octatie alkylates from LPG and blendlng these = e o l:d?%
o : ‘ ;}‘;“- ; v:with condensate to produce premiUm grade gasollne. ‘§V
5 jér“To determine the capltal and operating Losta for a ‘;
: = plant USing butane oniy as the raw materlal and for"' ;
;; 2 a plant ueing both butane and prOpane. T (;
i 3: To demonstrate the sen51t1vity of the coet of %
i o - ‘finished gasollne to changes {n the price of Paw - ' ?
8 .%d‘ Fﬁf ‘materlals. ‘f.‘ i ’ ‘ - L - Q
. S ‘:&fg‘To calculate the oVerall energy eﬂflclencyr_d‘ i

o Sﬁmmary of Work Done : ke s o
& overall alkyiatlon process, viz”‘f |
Isameriyation is ﬁsed to.
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: gppital Gosts

deuwGondensate
‘ﬂTjGasoline

‘Q‘GaSOIine,

‘mass balances, ray material and utility requ1rements, together w1th capital

oy
T

S
|

' dehydrogenation stage have a]so been presented

These were used ‘to calculate

g

and Operating costs for plants located at Stony P01nt and Port Stanvac

A summary of the costs obtained is presented below.‘

By

f‘Qase 1= A plant to process,150,000 torines/a butane,

dnesitéq' i
Off—sites B
Total 1

propane.«
On-sites
- Off-sites

: ifProdUctlon Costs (Stony Point)

> LPG feedstocki \‘ ,
"Q,‘NeL manufacturing costs
uProdUction cost

Gasoiine, $/tonne
/litre

§21.4 % 10
$102 0 10‘\.» -

‘Storiy\Point
$54.1 % 10°
. $18.0 % 104
:ﬂ$7251 X idsJ
'“u‘ Case 2 = A plaﬂt “To. process 200 000 tonnes/a LPG consisting g ‘ ‘
o of 130 800 tonnes/a butane and 69; 200 tonnes/a SN ST ‘?

i

Stonz P01nt
f$80;6 ® 109fﬁ“§

' Port Stanvic

Cge2axagt

.wCosts, b/a.*‘ »

P

§46.7 % 108
$15.5 % 10%°

o

Port Stanvagy

R
- $18.5 % 1o°f~ s
‘l$88 1 X 1o6 G

dase l

33,000, ooojl‘
‘¢7gglg45,ooollg G
= ;555'45 ooof\;ifui

Gase 2

Mgfaa ooo ooo

L 27,046,000
“71 046 ooo

h‘13,600,000 S
‘,jSA,éae 000 ‘5; L

o

)
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: (b)‘ $102 million to treat 200 000 tonnes/a butane ‘
L plua propane. ' R ‘ :’
‘S:Port Stanvac ,e“'
l ) $66 2 miilion to treat 150 000 tonnes/a butane
w(b) $88 1 million to Lreat 200 OOO tonnes/a butane ‘
e plUs prOpane. R “‘{u‘ f?'_“

‘ x‘”c$250/tonne for condensate are. gl

“, "<5) StOnY Point 39 4 ahd 40 l¢/litre e

two prodesseSx :

lfjts> PortStanvaca 38 3 and 39 lc/litre respective’y.*'

“"'3(4) fThe required wholesale
) UL 40¢/1itre 1f tovernment taxes apply

“‘on*capltal i"
el GiEE Recommendations : el
".,(l)ucrirm prodUction schedﬁies should be: obtained to ensure>“
that there ‘will be adeqUate supplies of Bdtane forf‘ai:

'ﬁi\The cost of gaSoline deliVered to Adelaide, including 15/ pva.h‘\l‘
G»profit and assuming feedstock costs of $220/tonne for LPG dand” :”

{ee id Adelaide to retﬂrn 15/ Pl .

pectively for the

B e EEE e
‘i:":‘E} ) [0
: e}
! idd i ‘“
g | | ‘ , )
Graphs were constructed to 1lIUStrate the sen51tivity of this price LR
o changes in Lhe price of LPG over the range $180 to. $280/tonne and the ‘ :
‘ price of condensate over the range $210 to $310/tonne.‘l The ¢ost: of 1aw,r'
materials account for around 70/ of the reflnery gate cost of gasoline.
15 T SIS ‘;, e ConcluSions
(l) The production of gasoline from LPG appears ' G "3«“ f
to be marginally v1able.“ Economlc viabillty depends on - ‘
S ‘ b
“the cost of taw materials, applicability of Government g :
‘taxes, and- the wholesale price of gasoline in Adelaide. ’ f
L il ’71 Lo n
() Total capital costs fot the two processes considered are. :
Do w;‘/ o o |
Stonx Poin 1 o
la) $72 1 million to treat 150; 000 tonnes/a butane % v
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\i.‘ INTRODUCTION

The Cooper Basin, Situated in the north—eastern ¢otner of South Australia
and extending into Queensland, contains hydrocarbon gases dnd liquids ranging »
in composition from methane to crude oil Production of natural gas has &0 ““
far beon from relatively 'dry wells, and the. small amounts of hydrocarbon
liquids produced have been flared off. However, it will soon become o
necessary to utilise the wet' wells, and-a lquldS pipeline has recently
beén’ constrdcted from Moomba to Stony POint to cater for this stage of e
production.‘ “Orice the pipeline and fractionating plant have been commissioned
LPG from ‘the Cooper Basin will be available for domestic use and export.

' Catalytic dehydrogenation processes Have recently been developed in the
US for processing saturated light hydrocarbons sUch a propane and butane to ‘
These can then beﬁ‘

can be USed to replace tetra ethyl lead in gasolines., The isobutane is either

available from the 1pG feedstock or i& produced from fi-butane by isomerization.f"‘u

It ds assumed that there’ wru1d be sufficient flexibility in the’ distillation o
and alkylation processes to ensure thaL the quality of the alkylates and
condensate would be such that the resulting gasoline would meet all the normal f

i

pE
qUality Specifications. o ¢ : SN
' The South AUStralian Department of Mines and Energy (SADME) has sUggesLed S

that if Cooper BaSin LPG were converted to motor alkylate, South AUStralian :

motorists could benefit from lower cost gasoline and security of sUpply from

capital and operating dosts for converting some of the Cooper

Basin LPC to high’octane alkylates %t tivo plant Sites Viz. Stony POint and

Port StanVac.“ G !L“: o ‘/ ;“ e Lo :
‘ Two alternatiVes Were 8 be investigated‘hd

'f~1},'rfdééssiﬁg ¢ 150, ooo tonnes/a butaie,
‘3_H§J Piocessing of‘200 OOO tonncs/a butane plus propane.ﬁ e

&
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‘LPG recovered from the Cooper Basin llquids is: expected to have
following composition'

4
o
o
4
i
“ 3 (‘
\,‘

&y

Propane =
Iso—Butane

n~Butane

‘m

o COOPER BASIN LPG

b B

the

ﬁBut_ne production is expected to be of the ordef of 150 OOO fonnes/a,

i

This pri

‘land this figure is assumed for the cost studies detailed in: this Report.

‘lThe wholesale prlce of propane*and butane in South Australia .as from l July
1982, ‘was $220 '

{8 used in this Report and the effect of prlce
"varlations is also examlned : '
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(s REFINERY FLOWSHEETS

L
b,

3.1 Introduction B

- Conver51on of LPG to alkylate 1nvolves three maior processes, viz.,

CETY

dehydrogentatlon, isomerizatlon and alkylation. The last tio are well

Vi

establlshed commercial processes “but %he former was developed in the late
19708 when us 011 producers began to exumlne ways of us1ng surplus LPG to
‘supplement gasollne supplies: At least three companles, viz Philllps

Petroleum UOP, and the Houdry DiV1sion of Air ProdUcts “and Ghemlcal Ine.; - ot

1 e have developed dehydrogenatlon processes to convert LPG to nronylene And o ¢
&}“v ‘ butvlene i i ( , S i S L “‘ B o i
et T Little 4s known of the Phllllps process except for v recent announcement
i} o ]‘(Anon, 1982) which stated that the process had been tested on a semi—commerc;al
»fscale and was ready for licensing on a commrrclal scale. The process was ' = ‘ SR
f“pp{]‘“” - iscbitane feedstock to produce 1sobutylene for alkylatlon. It has been " : : ‘ b'%‘“'

"7estimated that the capital cost of a dehydrogenatlon plant to treat 15, 5000 bpd o lffi "7;1ﬂyi;pf”ff
wr% e i igobitane feed to obtaln 6 100 bpd isobﬁtylene prodﬁct would be $US41 m, . 3“tﬂ3\ .“13hbhll»7f1f‘t“
L “_US Gulf Codst; First quarter 1982 costss . uh S f‘ PR ;'diﬁ‘ﬁj i
4 1 The 6ther o proceSSes have been described ih the 11Leratﬁre A more |

”bj /&»u‘ldetall and are outlined in tbe follow1ng sectlons. S ‘ :

‘[cess S
“l The UOP process was described by Barg; Vora, and Mowry (l980) éﬁd”ié
”Lrated diagrammatically 1n‘F1g 1io The fresh feed, either propane or -
fbbutane, is mixed with recycied hydrocarbons and bydrogen heated ‘to the
_r:reactor inlet temperature of 600°C ‘to 700° G, and'reaoted 1h a Sefles of &

3 2 UOP Dehydrogenatio

ko
- b “44 . o ‘ . : R . l’ o E . L . ;

stackcd T8 ctors. : The reactors use the mOV1ng bed continhoUs catdl?s
‘;;_‘;“mj e ,.sjf reben‘ ation conCept which has been uSed sUccessfully

i the 1[0):8 Platfo
"The reagt “nfis endothermic and act1V1ty is maintained bv sunpivlnc

fi::%

: o § i Huaction Lhroﬂgb interheaters: ST : o

= f,f' lA;;Fzr'l‘ lhe proddct Eroi the reactors passes througb a serie \fyheat exchangersp“
e - _b@d - ‘,reSSion and tUrbo—expansion to separate the releva 05 or Oa bydrocarbons
%:1 e i & oo nation:ofhrecycie“as and net hydro at T

”E}”from the‘separator is pUmped:to @ light end;
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f‘yields obtained from catalytic dehydrogenation and thermdl cracking from

T

‘design.

ﬁand/or butylene.\

plus propare in- appropriate proportions; but not propane on 1ts owns

tlrelated 510'4

«propdne, isotdtane and r=butane feedstocks are- listed in Table 1s

3.3 Houdry Catofin Process
The Houdry catalytic dehydrogenatiOn process, known 4s Catofin ‘was

| descrlbed by Craig afid White (1980) afd Gussow, Spence and White (1980)
nd is illustrated diagrammatically in Fig.‘Z‘

The process was based on the
well established Catadiene process, described by Craig and Dufallo (1979),

which 1is another dehydrogenation pProcess used to manufacture butadiene.

o« The Catofln process is very similar to: the UOP process except in the reactor

In place of the UOP moving bed concept “Houdry uSed multiple reactors

to allow for thtee different phases of operatlon, viz, on' stream, ofi purge ‘

e

and on catalyst reneneration.

3s 4 Integrated Flowsheets

High octarie alkylate ig produced by reacting isobutane with propylene :
Hence ‘the initlal feedstock CEN be butane only or bﬁtane
vop

'QhaVe presented flowsheets W1th OVerall fldgg balances for the two configﬁrations”»

‘6f direct interest V1z‘~

| i alkylate from mixed bdtanesf”‘5~‘
"”“f; alkylate from butanes and propane. :

't‘They liave also presented capital and operating cosc information for the first

f]owsheet..

oii the other hand Houdry tfiave presented cost 1nformation on a nUmer of

heets but not o the actUal flowsheets requ1red in this Report

‘ “TCost informatlon 18 available for the following flowsheets.. s

LR

ut:pl:h alkylate from n—butane only

i alkyiaterplus pr ‘

~lene from n—butane and propane

“‘;,ﬁk propylene from propane ftf |

isobutylene from n-butane43~t
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3, 4 1 Mixed ‘Butarie Feed

A block diagram of the pro“ess for producing alkylate‘from mixed

;,butanes is presented in Piga 3 The approx1mate mass Balance data included

on the diagram have been Calculated,from the UOP and Houdry information and
‘1from the alkylation and isomerizat{on references mentioned aboVe‘ The mixed
‘butanes are charged to a deisobutanlzer column whare the 150bdtane is taken '

"off overhead and “the n—hutane is w1thdrawn from the coldmn and fed to an

"iSOmerlaation ﬂnlta‘ Any Gg+ components in the butane feed .dre tenioved from

‘ he base of the COIUmn. ‘ “ ' ““§

About 60% of the n—butane is isamerized in a 51ngle paSs throUgh the S
"isomerizatlon Unlt to provide addltlonal igobutade for Ehe alkylatlon reactlon;:
' The deisobu&anizer overhead and the 1somerization prodﬁcﬁ dre combr”ed and
‘jfed to. the dehydrogenation unlt whete abott: 40/ of hoth the. normal and
*.isobutanes are converLed to gutylene, The. mixtUre of butylene and Unreacted

‘butanes 18 fed to the alkylatlon tihit where the Butylene dtid isohutane react,“

,‘lS rethrned to the delsobutanlzer

AR overali mass baiance for the process 1§ glven in Tahie 2

‘gethEr wlth
These have been taken dlrectiy from
A more detailed massvbalahce has been calcdlated for plant sizihg

‘ ‘ 3 A feedrate of .
rvlSO 000 tonnes/a mlxed butanes would result in the productlon of 138 500 Eonnes/a
"‘high octane alkylate.‘ ‘ e

g

Y

d Propane Feed
A block diagram e} the P

mived bﬁtanes is presenﬁed‘ln F; *V‘ﬂg;‘ I drder o Utiilze Lhe maxnmﬁm dmohnt

54 for produeing alkylate from propane and

RS

" while" the n~butane passes ﬁnchanged through the process and afte”\fractionatlon‘.~

protere B st e =




An overall mass balance for the. process is given in Table ‘3. together

O
with the properties of ‘the alkylate produced A’ mbre detai]ed mass balance

'calculated and the data appear in Fig. 4. A total feedtate of
200 000 tonnes/a would/pomprlse 130, 800 tonnes/a butane and 69,200 tonnes/a
propane.‘ This would/result in the production of 175, 600 tonnes/a high
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b COST ESTIMATES o R
i i B p 3 4 1 Capital Costs Wy o b L
. Capital ‘costs have been presented in both the UOP and Houdry papers P e
o ; in US currency referring to second quarter 1980; US Gulf Coast. They have - fr”'\y”fpx
CE X (} ‘ " been converted to late 1982 costs in Australlan currency for plant sites at
f\'> ? ‘ Stony P01nt and Port Stanvac u31ng the following assumptions. : g
\ rﬁ Ll ﬁ]» () One s doliar equals one Australian dollar. ' | R  lhy
!* R N € 1. ) Capital ‘costs in Adelaide are 207 higher than ‘ R SR
1 . S ‘ A : ‘
LAT ij S Us Gulf Coast costs, and -at Stony Point the
?: costs are 16% higher than in Adelaide. ’
| g ‘ :
‘?’ g ‘Ej o ‘ i és Stony Point costs & l 39 times US Gulf Coast costs. a
'“Lp‘ o ‘ S These ratios are based on experience at the Port
: EJ | Stanvac refinery and the Stony Point liqU1ds plant. ‘ S
r?« p i “«f'éiii) The Nelson Cost Indexes (Farrar; 1982) have been w
L 'é‘ v . | | used to update costs. They are available only to ‘
- : the end of the first quarter 1982 and Have been - >
! £3‘~*] o ﬁextrapolated to the end of 1982 December 1982 costs o B
- ' SL ‘\% 1:24 Q‘mid‘i§80 costs: e ‘ S

‘}@ﬁkdlply :»{;‘ EAN figUres in 1980 to Stony Point costs in late 1982 is
‘ﬁ3~"~‘ B 1:72;

All figures quoted in the following Sections are for 1982 at Stony
Point ‘ ‘

‘"YA 1s l Mixed Bdtane Feed : o ‘ : \ : o
. The tapital cost fot & UoP plant to treat‘butane only is $10& 7% 106 W
5“for a bitkane fead vate of 13,430 bpsd of 408, soo tonries/d; asstining 330 stream =
“days per year. EXponenLial factors for cost yersUs slze £61 ity types of
yprOCEssing blanﬁ Were - puhlished by Guthrie (1970) These inclUd

“LjfiM‘L’ _Q5H_”j“ o ‘Al””ﬂation S e . ‘p/ “0;6_1

: IsomerizaEiOn gt e 0465

’,uDEhydrogenation (Catadiene§ ‘Ef‘ 5;6§

ok Houdry”figu"‘:‘ icdte that th gcosts of these Units in a bhtane
J;fraikylationfp‘ant are in thelidtid‘ﬁil”7L A Weightéd averags of 1ho exponeﬁtiai
‘J:fa tors {8 .66 £or Ehe overdll prOCESS, arid Ehis factor hag been Used tO“
;calcﬁlate the:costs of different siéed p]antsx"

L oaNys
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o " The alkylatlon tntt produces 175, 600 tonnes/a compared w1th 135 ;800

‘ tonnes/a in the»prevlous flowsheet. Using an exponential factor of 0.6,

b | butane dehydrogenation unit for plants of eqhal capacity Tberefore Lhe‘

‘ R R et e ‘ : : ; L e
B " R - AT P B o K ! : LHEE i ‘ . ' : A

i A B 5 iy 8 - ; R A e R R R R i s i e 8t T i o g l

, 1Hence, the capital cost of a plant to treat 150 000 tonnes/a butane ‘_‘ » ‘ " ‘O
is $54, 1 x 10° at Stony Point or $46 7 % lO6 at Port Starnvac: However, this o | ‘fm‘jQr‘;
”cost trefers to battery limits only. " The cost of off- 51tes, includlng storage ;
for feed and products; would be a further $18. 0 X lO6 at Stony. Point or e o ,:b.bvb ;
§15:5 % lO6 at Port Stanvac based on figures publlshed‘by Houdry.‘ Thls G
represeiits total investments of $72.1 x 10° and $62.2 % 10° respectively for
the two plant “‘s‘ite‘s. | | ‘ ‘

4 1.2 Butane and Propane Feed
No capital cost has been given dlrectly for a plant to produce alkylate SR

G

from both butane and propane. However, the costs can be dedtiiced from

througbputs and other cost data glven by UOP and Houdry. = . R

Alkxlatlon '

fhé‘capiﬁai'coéf‘sﬁculd be inereased by a factor of 1.15:
: : : ) : ; i ey ‘
Isomerlzatlon R O T S i
The isomerization Unit treats 4 total feedrate &f 133,000 tonnes/a

compared w1th 124 ,000 tonnes/a in the previotis fiowsheat., Using an
' eXponential factor of 0. 65, thie capital cost shoiild be increased by @
factor of 1:05: ‘ 7 ' L ST

Dehydrogenation‘ ‘

: The ”ropane dehydrogenatlon unit receives a total feedrdte of 173 000
tonnes/a compared w1th a feedrate of 168, 000 tonnes/a to the butane“uniﬁs
Using an eXponenLial factor of 0168 the capleal cost shiould e increased
by a Factos of 1s02. - Hewever; figures published b/’Houdry show tbat tbe

‘capitaw cost of a propane dehydrogenation dnit is L (62 tifiss the cost of

‘:ropane ﬂnit if. Figx 4 is 1?65 times Ebat of tbe bﬁtane

i




lAppendix A and are summarised below:

Net production costs, $/a

:either site.,

Net prodiction costs; §/a

‘_Néﬁ*ééstg;_éiﬁsﬁﬁé*aikyiaté : J
',to for' gasoline with an oot
‘Butane Only

u;hﬁﬁﬁn

: at Stony Polit and $270/t0nne at Port SEanvas (1nclhdin2 $20/tbnne
- f¥on étony Point), the refinéry gate nost BE gasoline WOUld e as foilbwsft~ﬁ,

LA
gl o
s L . g \ @
ey :
A i '
e
i ;
L s - .
i .
; 3 Bl
LY 2 v ; ;
0 : [ it
e e ) =
c : o
el .
i e oot Wi - :
o
o
. ! s

‘ s h S N iy ‘
off-sites are $21 4 X 106 and $18 5 % 106 respectlvely, and the total
investments are $102 D 10° and $88 1'% 10% respectively.‘g&

i3

Y Production Costs

Production costs for alkylate at Stony Point have been calculated in

& o
i

! Butane only Butane plis Propane

55,445,000

400 405,

Net costs; $/tonne alkylate

Productlon costs at Port Stanvac would dlffer only in those 1tems

\related to capltal cost such as maintenance, depreciatlon éte: and in the

y cost of transportlng the LPG from Stony Point to Port Stanvac (say $20/tonne)
It should be noted that 4 eredit has been claimed for the sale of excess hydrogen.

,It is- assumed that this would be used elsewhere in the refinery complex at

The credlt would not necessarlly be valid if the plant were

located at another metropolitan site such as Port Adelaide: Ihe Port Stanvac

‘prodﬁction costs are summarlsed below.

i

Bilkané only Biitarie pliis Propane
57,107,000

g R RA T

.j3;16§;00b
oy @

The alkylate would be biended with Gooper Bagin condensate (RON: ~80)
¢ ¥atidg of 97:

The P portions of aikylate

liiand condensate hsad id blending would tc as follows.k

» Alkylate i OondensaLe i
- toiines/d ke |

nes,

181,400
5&6{666 g

138,500
‘1?55666f.3

‘42;66699
Shikoo,

fﬁlﬁs PrS

Uslng the alkyiate goaty glven absve and 4 condensate 668t of $250/tonne o
Lransport -

";}l}ﬁsj

71,046,000 0

VER |
Vs

4l
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* Alkylate, $/a

“Gasoline;’$/t0nne

‘a5 followst

\VReEUrn ”n capital

 Tees a

T R R i v
FAgn) : i

Butane

10

only

o
¥
G
=N
it
il =
o
S
S
: ’vv

b A g

Butane‘plus;Propane:Q.‘

ghStony Point

”Port StanVacA

"Stony Point

- Port Stanvac.

55; 445 000'

Condensate, $/a 10,725,000

57,107,000

11,583,000

71,046,000
13,600,000

73,162,000

14,688,000

Gasoline, $/a 66,170,000
365

Gasoline, ¢/litre 27.0

(Sp+ Cr. = 0.74) e

5

68,690,000
379 '
28.0

84,646,000
368
2742

87,850,000
382
28.3

Most of the State 5 gasoline is 861d . in Adelaide where the break—even

selling price must dlso inclide transport from Stony Point (say" $20/ tonne or

1s 5¢/1itre)

,apply to. gasoline but not to LPG.

'State Goverpment franchise fee of 1. 33¢/litre will also Appl

it is assumed that the Fedaral Tax of 5 ”55¢/11tre and the

These feesl

0
Since the gasoline considered here 1S

manufactured mainly from LPG there may be a case for seeklng partial or

total exemption from these feas.

B

‘The' operating company wotld require a return ot capital of about 15%
piai’ simple interest; which is eqtiivalent to 4:4 dnd 4 9¢/1itre respectively

at Port Stanvaci

¥

0

_Biitane only. .

.0

Butane plus Propane

btony Point Port Stanvac

Saaed

‘.étonynﬁoiﬁt_,ﬁortmﬁtaﬁVéc

Refinery gate cost 270

¢/litre ’
bk
te Adelaide »

‘2§$6

372

b

i s_mwg L

2833 :

4:3

32:9

| baxes

(b5

3346

s

(i applicable)

Total ‘ - 39k

|

3813

i

Thia present retail price. in Aielaide is &214¢/1itre. g

‘*”Government taXes3 of 38 BQ/litrez

The final wholesale price in Adelaide would then be made Up

wwérﬁwm@“[;l

‘ for the o processing routes at Stony Point; and 3 8 and 4 3¢/litre respectively

titien Ehé"fééaliéffs*h"

vmargin 6f 3z6¢/iitre 1§ dedusted; this leaves d wholesale price (inciﬁding
This is only marginaiiy less than Ehe

“‘;N‘:Ti’:s -

B NI e

@
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4.3  Cost Sensitivity Analysis

Two of the major items in‘the total cost of gasoline‘mahufactufed by
the processes described in this Report are the costs ‘of LPG feedstock and "'v‘v;
condensate blending stock.  The cost of LPG represents about 60% of the .
total production cost of alkylaue, and hence the: combined costs of LPG and
condenisate account for almost 707 of the total refinery gate cost of gasoline.
The‘effect of variations in these raw materials‘costs for Stony Point is
sumiiarised in Tablésd4 and 5, and shown graphically in Figs s‘and‘s.‘rirhe
»gésoiiﬁe costs ;éfegréd“to are the total nhbiesaié priCes in\Adeiaide ificluding
:CoVérnmént fees énd’taXés. Fot Port Stanvac, the gasoline prices woiuld be.
l¢/litre cheaper than those shown in the grdphs fot Stony Poiit.
A change of $20/tonne in the price of LPG products a change of 1.:22
‘and l 29¢/11tre respectively 1n the prices of gagolifie in the two processesr‘
A change of $20/tonne in the price of condensate produces a change of

hO 35¢/11tre in the price of gasoline“in either process.

K

RPN ‘ bk Energy EfflClency

The overall Energy efficiency of the processes has béen determined by
comparing the gross gpecific energy of the gasoline prodUced with that of

‘dthe‘raw materials; ‘The‘gross‘specific éfiergy values tiged are ag followst

 Hydréearbor

0 | S . ‘ g ‘ ;){?‘ "“J 0

Propane

N Bitans
Gonidenisa b
‘Gasoline

i

Butane 6nly

Raii Matai

‘ o i

50:0
4945
48:9
1613

_Gdja...

Bﬁtane : ji 1505 006 tonnes/a @49 5 GJ/Lonne' o & fpi;&ié;béd\
¢ = 42,900 = 2,007 810

9,523,810

iéil&ﬁé”ﬁaﬁﬁéglahéfﬂéas‘6d/E5nﬁé.”g,['5M\h;" =

Gveraii "’“y tf‘i {sney
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Case 2 ~ Butane

it

Sl

12

plus Propane

[

e

Raw Materials: -

bedudfi

Propane

‘Butane

S

kZ)‘

{7

Overall Energy Efficlency

as a erl

“ftotal energy 1nput (erl, pOWer and ray
76 6% and 76 5/ respectiveiy

Energy efflciency can also be‘

eﬁ

O

>

69,200 tonnes/a ) 504 0 GJ/tonne
130, soo tonnes/a @ 49:5" GJ/tonne
Condensate = 54; 400 tonnes/a @ 489 GI/tonne .
: ‘ Totdl

230, 000 tonnes/a € 46.5 63/ tonne o

)

';vThe processes also consdme electrical power

calculdted on a number

2 w W

n

The‘energy efflclencies‘based on‘total
‘eprodﬁcts and total feed are 91,0% and 86

7% respectively
‘“‘for Cases‘l and 2

p@odﬁcts Ard

‘erlalskxare

_GJ/a "

3,460,000

6,474 ;600
5

2,660,160

12,594,760
10,695,000
LN
84297

o

6f othetr bases

Gt

and hydeocarbon
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while those for dehydrogenation atre englneering estimates based on long . spm

el

it et i e AR

13

50 DISCUSSION =y ”3"- ST .;
Although the technology used in the dehydrogenation unit is: relatively
‘new, it 1s based on commerCial processes and. equipment which have been used

for decades, The: other stages involved in® the - overall flowsheets are -’

established comméraial processes.‘ As a result no really new or expeiimental

LR

Capital costs and operating requ1renents have been deducad from the
overall plant figures présented in the literatute by UOP and Houdry: - Their

figures for most of the units are based on commercial operating experience,‘

: experlenve with 51m11ar equipment. In general it appeared that the UOP plant

would be slightly cheaper and less expensive to operate; but the two sets of§
data were presented on.different bases and were mot directly comparable. . %

Fo¥ the costs presented in this Repott, it was necessary to HSe fipures from
both sets of data;

‘afd hence the ret result 1s an average of the twe

More definite figures éotild only be obtained by commiSSioning UOP and Houdry o
to carry olit detailed studies and prov1de thelr own set of costs:
The present cost study {ndicates that the prodiigtion of gasoiine
from LPG could be economically attractdves - A final assessmefit of
1tg viability will depend oh] three fidjor factors'

(l) The totai .cost- of taw materiais (both LPG and COndensate)
represents about 707 of the total refinery gate oost of

‘the gasolinerand hence has a maJor infivence oh total

lcosts. ‘

ifg 1f total :y”

66 Séllitre, could fake kg difference betwesn economic
v1abillty ot otherW1sea Exemptlon 61 these taxes

shisuld be SOthL ot the basis ERat the g oline is ‘h‘rv‘ "‘h”h
_mandfacttred fr i LG wlid el 1vself dg exempt. o

gy Federal aid. State tdxes od gasoline; amo i

“f“fﬁf ‘The SUEFent Wholesaie and retail prices of gasbi'ﬁe
oo 4w Adelaide At ERY time will natUrally determine thie
final profitabillty of ttie projectz

Hes/4 butans s will be éVailable :
This is approximateiy sgual B the
sliitifi productisn rate of bhtaﬁ | and if this rate ean be‘”“i'
few years and then‘décreas tis ‘bid‘Viability f the

‘ a long term basiSa

1
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will suffer acébrdihglyi A straight liﬁe“aepre¢1atioﬁ of 104 p.a. has been T (T
sumption that the plant will operate at full J

iged; and this implies the as
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6. CONCLUSIONS

The production of gasoline from LPG appears o
to be marginally viable.  Economic viabllity depends on .

the cost of raw materlals, applicability of Government taxes,

afid the wholésale price of gasoliné in Adelaide;
‘ ‘ = iy

Total capital ecosts for the two processeés cénsidered aré:

Stony. Point
‘(é)l‘$72 1 millioen €6 treat 150 000 tonnes/a butane
B) $102 million to treat 200, 000 tonnes/a butane

plus prOpane.

‘LPG~éﬁ&‘$256/E6ﬁﬂé fdf‘ééﬁdeﬁééfé-éféﬁ
"‘655 Stony P01nt =30 4 and’ 40 l¢/11tre respectlvely

for the ﬁwo processes‘

3

':1¢/1itre respecﬁlvely‘
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7+  RECOMMENDATIONS

(1) Firm production schedules should be obtained to ensire that there

& for at least 10 ye

w

will be adequate stipplies of biitan

2) 'Négotiaﬁibﬁs‘3hoﬁld3be‘comménééd‘witb‘Fedérél‘éﬁdrgfaté

k axemption from the relevant taxes.
(3) Full feasibility studies should be carfied out with direct
. input from the ' b '

Governments to see

o

+1licensors of the processes:

)

&
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APPENDIX A

o ALKYLATE PRODUCTION COSTS

Sy

Butane only:

~ Butane plus ‘propane:

Process

_kith/a

1

AL ‘PﬁoCEsS'REQUIREMENTs AND PRODUCTS

Al 1 Raw Materials

150 000 tonnes/a butane

oy
¢

130 ,800 tonnes/a butane f‘ =

69,200 tonnes/a propane

.200 000 tonnes/a Lotal LPG £eed

Al 2 Utllities

 Nét Fuel
_.GJ/a

Powet

Boiler Feed
Water kl/a

Make=up

- Water kl/a

A

Butane feed only

:‘Isomerizatlon
_ 'DehydrogenatLon
| Alkylation

© Total

otal

,1526 ﬁgloﬁj
4,00 % 10°
7.71 % 10¢

Sl
Rty

639,000
992,000

13,000 . © -
34,000
23,000 .

s
Voo i

34,000
‘667;0@0

*1,050;000

Butane plus propane

igaméfizatiaﬁ“‘
Dehydrogenation
Alkylation

12,97 % 10°

9,61

1,744,000

10¢ 131,000 e
¢ 166 238,000

57,000

- 43,000

1,691,000

36,5000

7095000
1,331,000 .

Alkylate; tonnes/a
Hydrogen“
Reused
- Net; toti

‘ *Aii of e iigat ende. e reUéé& 1n the pe a8
Catl fbf in cai&ulaﬁiﬁg tha fet fual figuré iigté& in Section L-ﬁw-

“Uti 'tidé i

X
b s
8478 % 10°
30474, %

Gross; tonnes/a
tonray/a

10 1;617;066

i

‘;AlaB Pfodﬂcts

G 5;166<ﬁ

1,258,000 ° 295000 .
72,000

7 ussoo :
45100

‘ §;6763060

Butane plﬁé
_Propane .

gl

o TR e s S e x R
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A2

The total production costs for aikylate at StoﬂY‘Point a

Raw Materials

LBG @ $220/ tontie
Utilities
Powetr @ 5¢/kWh 5

TOTAL PRODUCTION COSTS (STONY

futane
only

OINT)

$'000/annum

&

TFuel (propane) @ $4 .90/GJ
eBpiler feed‘water @ $1.30/k1
Make-up water @ 40¢/kL
Tétal utilities :

"Direct Labour

5 men/shlft @ $28 000/a‘

»‘ Maintenance

3/ of fixed capital

i}

20% of direct 1abour

'Opéfating~supp11esw

o Ohemicals, catalysts, ete

'MANUFAGTURING COSTS
(Items 1 to 6) '

.'Payroll Overhead

(20/ st direct 1aboﬁr) "“ .

kPlant OVerhead |
(125/ of direc& labouf)

s/C ntrol _ B
/ of direct‘iabour)

INDIRECT MANUFACTURING GOSTS
(Items 8 to 10) e

) 'eciation .
(10/ of fixed capital)

fPruperLy Tdﬁes atid Iﬁgurande
(i/ bf fi%ed capital)

e

4

33,000 -
649
8;546

74
676
9,945
560

2,163

112

‘733§‘H

46513

140
952

7,010

Y

re’ summarised belOW"‘

i
(]

Buténe plus
_ ‘Propane
$'000/annum’

44,000
1,037
7,923
94

830

9,884

560

3:060 ,

755
58,371

iz
Lo
552

el
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s

}%Lifg

15.

l7=¢
18.
19.

ng‘

FIXED MANUFACTURING COSTS
(Items 12 and 13)

TOTAL MANUFACTURING COSTS
(Items 7, 11 and 15)

AdministraEiVe Expeﬁsegw'
(3% of manufacturing costs)
TOTAL PRODUCTION COSTS

Sale of Hydrogen by= product
» @ 9¢/Nm?

NET PRODUCTION COSTS

fd

[ < . ' ‘t.‘;‘; i i ‘ ‘
‘Net ‘Cost, $/itonne Alkylate

A3

© Butane

'f‘ only -
8! OOO/annum
e “ ("\“‘w-« \‘ N
JM"““’ B

Y

55,396
1,662
57,058

1,613

55,445
400
¢§;ﬂ: !

0.

Butane plus B ‘
- Propane . o
$1000/annum o

}i,."ks o f”§

©11,220

70,543 ‘ N

2,116
72,659
1,613 0 ooof
71,046

405
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. TABLE 1: BSTIMA;&D YIELD CArALYTIC DEHXDROGENAT;“N
R vznsva THERHALnU '

R T R R

TYL;Aht 100, w”j”hts of Fepd. p”“”°’°é£

SR KRR R TR R Rt .“4”.~hn~.»m-}.“u

Caialytin‘ SR Tygrmal;‘
»Dehydroge’“;ion, e Ctgckins

Proggne
Hydrogen

Methane
- Ethylene
‘Bthane
Fropylene
Other

Isobutane

=

“Hydregen
77f6?Yi%ﬂé |
ISObutylene
‘Notmal Butyienes
bnutﬂdiana
Notiial Riitane
Other

nBlitane
uhfétdgéﬁ
Ethylene i




TABLE 2: PRODUCTI

" 0

)

ON OF ALKYLATE FROM MIXED BUTANES. =~ °

*Weight/100 Weight
. of Alkylate =

Weight
tonnes/a

?raauctsa

Féedr‘

Mixed blitanes

Motor alkylate

Specific gravity @ 60°F

Hydrogen plus light ends

‘Typical alkylate. properties:

i

Reésearch' clear-octane Nos

- Motor cetane No.
~ RON + 3ce TEL

108.‘3

1000
8.3,

150,000

138,500
‘{11;500;

11083

04 7405 |

N T
150,000

g 02y
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TABLE 3: PRODUCTION OF ALKYLATE FROM MIXED BUTANES AND PROPANE. = -

o

s ‘We‘ight/’lOO’" Weights  ; Weight .
fo¢ . of Alkylate - . tonnes/a

Feed: . | | = 3
Mixed butanés . o . 7405 130,800

: ‘Propane _039s5 695200
a | 113.9 g 200,000
| Products: o s ‘

Motor alkylate "-100;6 o | “‘ 175,600
.,i“ .$13E9j s HAu,ﬁﬁ;&OO,‘

113,90 200,000

Hydrogen plus light ends

Typiéal alkyléﬁé‘ﬁfQPEfﬁiéSé
‘Specific gravity @ 60°F i 6o

o P S R - : s
Motor octarie No: o ; ‘ “ oy “90'72
© RON + 3ec TEL 103:2

Resédrch clear octane
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TABLE 4: GASOLINE PRICES VERSUS RAW MATERIAL COSTS - BUTANE ONLY . '

Wk el —
. ___. Gcasoline Pricest, ¢/litre LR e
1PG, §/tonne. . 180 2000 220 ~ 240 ° 260 . 280 | .
Condensate, §ftoane. | C U e e e T
; 210 S 36335 387 39,9 4L 424 R
' 230 C s .8 30 o3 Al de it

250 L 810 38:2 39.4 k0.6 4L.8 B 43,1
270 © * 37.3 38,5 - 39.8 41.0 422 434
290 » o 37.7 389 401 413 425 43.8

310 380 ®a2 405 AT AR ki

g

g

el s s v

#price includes return on investment, transport to Adelaide and- - i
Government taxes. ‘ | R ‘
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TABLE 5: GASOLINE PRICES VERSUS RAW MATERIAL COSTS'~ BUTANE PLUS PROPANE &

»r

bl

T

i.rg, §/tonne 180

—Gesoline Pricest, ¢/iitre

iX)

Condensaté, $/tonne

210 36t

230 137.2
v 250 : . 37.5
o200 379
290 | 38.2
310 386

@

38,1 39.4 40,7 42,0
38.5 39,8 ' 41,0  42.3
38.8  40.1 . 414

0.8 42,1 k3

‘ ‘£2}7“‘
39,2 0 40.5 0 41,7 0 43,0
3.5

: 39;9 ‘ 41;2, " 42;4‘  43}7

43;3‘

43,6
"44a0

4&»3

i 4&;7'
45.0

[

*Price ifcludes return on investment, transpott to Adelaide and
» b [y . » k .

" Government taxeés: . .

=
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Propane recycle

103,800
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