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Import of Petroleum Products

Providers of Imported Peholeum Ploducts

‘Most of the petroleum ploducts imported to Paraguay so far are supphed, as shown
in Table 4.2- 2, from YPF of Argentina and PETROBRAS of Brazil, respectwely, both the
state-run oil companies of the nelghbormg countues of P‘iraguay 4

Since Paraguay is a tluvial inland country, 1mp0rted petroleum products must be
tratisported either by river or by land. ln view of this fundamental condition, the 1mports
of pefroleum products from YPF and PETROBRAS can be regarded as quite a 1easonable
way for Paraguay to secure a low- cost and stable wppiy of petroleum products over a
long period.

Accordingly, pétrolelfnl .prOdu'cts to be -imported i!i.eacll alternative case of the
future supply plans are supposed to be pro‘;'ided by YPF and PETROBRAS as has been

the case.

Supphers of Petrolewn Products to Distribution Centers
As will be discussed in detail in Section 6.2.4, the Villa Elisa Refinery and the

Hernandarias Depot will continue to be used as the dOIIlBSth distribution centers of

petroleum products in each of thg thiree cases of the fl_xture supply plans. Impqrted
petroleum products are therefore to be réceived_at 'théSe two distribution centers.

The types of petroleuin products to be handled by each distribution center are
supposed, as wilt be described in 6.2.4, as follows: The Villa Elisa Refinery will cover all
the types of products from LPG to asphalt, whereas the Hernandarias Depot will handle
only regular gasoline, premium gasoline, and gas oil. '

In order to avoid round-trip transportations betweeﬁ the two distribution centers,
and also to maintain PETROPAR’s traditional policy of importing the producfs of the
two supplier as evenly as possible, it is assumed that the petroleum products to be han-
dled at Villa Elisa would be imported from YPF, and those handled at Hernandarias, from
PETROBRAS, _

Howéver, LPG and aviation gasoline, both to be covered by Villa Elisa,_ are assumed
to be imported from PETROBRAS, aghiﬁ in accordance with PETRO’PAR’S policy.

For reference purposes, the CIF prices of betroieum products at Villa Elisa and
Hernandarias imported from the two suppliers in 1987 are given in Table .6.'2-5. Egéept
for LPG and aviation gasoline at Villa Elisa, the CIF price of each product has turned to
be lower, when imported from the supplier assumed above. This result, however, can not
hold at all times since the import prices of petroleizm products from Argentina and Brazil

will be affected by the markei prices of the products in those countries and by their
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exchange rates as well. However, as far as the CIF prices in 1987 indicate, it can be said
that the supplier assumed for each of the distribution centers as above can be regarded as

reasonable from an economic viewpoint,

(3) Routes and Means of Transportation of lmported Petroleunt Products
The imported petroleum products in each alternative case of future supply plans are
assutned to be transported by' the same routes and means as at present (see Fig. 4.2-1).
The products from YPF are to be shipped from the port of either La Plata, Buenos
: Air’es, ‘or San Lorenzo and transported up the Parana River and the Paragnay River to the

Villa Elisa Refinery  with barges or small tankers each with a capacity of 1,500 - 4,000

k¢ each.

Table 6.2-6 Comparisen of 1987 CIF Prices at Villa Elisa and Hernandarias for Supposed Providers
{Unit: US$/KR)

Destination o | ViHla Elisa Refinery Hernandarias Depot
Provider
: YPF PETROBRAS YPE PETROBRAS
Product '
1. LPG . - ' * No Shipment
2. Regular Gasoline - @ 17412 _ 198.03 188.97 {%) © 188.00
3. Premium Gasoline © 187.70 208.52 202.4‘9 "y © 198.49
4. Aviation Gasoline - * No Shipment
b 5. Kerosens | ©19232 | 21873 No Shipment
6. Jet Fuel ) . ©'192.32 218.73 . No Shipment
7. GasOil | @ 18107 20630 195,86 (*) ©195.27
8. Fuel Oil . © 160,64 181.57 No Shipment
9. Asphalt (US$/Ton) @ 178.42 191.17 No Shipment

_ Source: PETROPAR
% : The supposed provider is in accordance with PET ROPAR's past pollcy

@ : The supposed provider's CIF price is lower,
{*}: In order to estimate the CIF price, 14.79 US$/KR of the frerght between the refinery and
) the depot is used, based on the current domestic transportation fee of 12,000 Gs/K¥ and
the annual average exchange rate of 811.24 Gs/USS for 1987.
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-On the other _haﬁd, the products from PETROBRAS are to be carried to the Villa -

Elisa Refinery or the HcmanilariaS Depot with tank-tracks each with a capacity of 30 ke
(for LPG, 44 k& each) from Araucaria, Brazil. . ; T
With regard to Case-1, transportation by pipeline will be studied as an alternative

means of transportation of imﬁorted petroleum products (see Appendix 7).

Required Numbers of Barges and Tank-trucks for Transportation of Imported Petroleum

Products

~ With respect to. Case-1 where its imports of petroleum products are the largest

: ambﬁg the three cases, the numbers of barges and tank-trucks to transport products

imported from YPF and PE.TROBRAS, respectively, are estimated as follows:

(a) Imported Petroleum Products from YPE _
Annual imports of each product from YPF in the year 2000 are as indicated in
~ Fig. 6.3-1. The average loading capacity of barges to be used by type of producté is

assumed on the basis of the estimated data on the barges actually used in 1987, as

listed in Table 4.2-4. B

(i) - Gas Qil _ _ _ .
AssuminQ, from the estimated _data oty the barges used in 1987, thét the average
capacity of barges to transport gas oil would be 4,000 k2, a transportation
frequency of .abou_t 100 per annum is recjuired fo carry the tbtal annual imports
of 393,800 k¢ in the year 2000 with such one barge,
On the other hand, the frequency of transporfation.wiil :be 16.5 per year when
the following three conditions are suﬁp_.o'sed: Gas oil will be shipped from
Buenos Aires, as has so far been the Cése; as in the case of gas oil transported
with a fleet of two 4,000 k® barges, 20 days will be required for a barge or a
flect of barges to go and return bétween Buenos Aires and th_e Villa Elisa
Refinery, irrespective of the size of the barge or the fleet; 330 days per year
will be available for such transportation,
A round of transportation hence requires six 4,000 k¢ barges, or the total
loading capacity of 24,000 ke " |
In 1987, one foreign __tlfallﬁp()l‘t'&"tion,com_pmly and two Paraguayan firms of
FLOMERES and COPEX were employed to convey gas oil, -as Table 4,24
shows, Of the barges owned by the two Paraguayan companies, the barges
available for transportation of gas oil_ have a total capacity of 19,400 k2, as

estimated from the data given in Table 4.2-3.
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(i) .

(iii)

On the assumption that the barges of the two companies wouid be solely used
to fransport gas oil, there will be a shortage of 4,600 k¢, the balance between
24,000 k2 and 19,400 ke. However, specific measures would not be needed,
since the shortage can be covered by the existing small tankers owned by
NAVEMAR,

Gasoline, Kerosene and Jet Fuel

Supiposing, from the estimated data on the barges nsed in 1987, that the
aiverage loading capacity of barges to carry regular gasoline, premium gasoline,
kerosene and jet fuel would be 2,000 k€, then the transportation frequency for
the annual tofal imports (212,900 k2) of these products in the year 2000 will
be 106.5 per year.

Assuming, on the other hand, that 20 days will be required for a round of
transportation, as in the case of gas oil, then the transportation frequency per
year is 16.5, based on a total of 330 days per annum.

Therefore, 6.5 barges with a capacity of 2,000 kg each, or a total loading
capacity of 13,000 k® will be needed for each shipment,

For the transportation of gasoline, kerosene and jet fuel, three Paraguayan
companies of FLOMERES, NAVEMAR and TRANSOCEANICA were em-
ployed in 1987, as indicated in Table 4.2-4. Since their barges for carrying
these products are éstimated to have the total loading capacity of approximate-
ly 26,000 k2 from the data shown in Table 4.2-3, the existing barges can deal

with the future transportation.

Heavy Fuel Oil

“The total imports of heavy fuel oil in the year 2000 will be 43,300 k&, as

shown in Fig. 6,3-1, Supposing that the annual imports will all be transported,
as in 1987, with two barges (tota] capacity of about 5,900 k?) which are

-owned by FRANCISCO SGUERA, an Argentine company and used exclusively

for heavy fuel oil, then the transportation frequency will be about seven per

year,

. This means that the existing two barges may transport the annual imports at

“such a long interval of about 50 days, and thus no specific measures would be

Nnecessary.



(iv) Asphalt
Asphalt seems. to have so far been transported with tank-trucks owned by
foreign transportation companies. It is supposed that the future transportétion

would be conducted by such foreign firms, accordingly,”

(b) Imported Petroleum Products from PETROBRAS _
Fig. 6.3-1 shows imports of each product from PETROBRAS for the Villa Elisa
Refinery and the Hernandarias Depot, .respectively, in the year 2000 for Case-1.
264 days per year (22 days per monih on: the average) are assumed to be
‘available for receiving each product at the refinery and the depot, respectively, in

view of holidays, etc.

G LPG :

~Of the total quantity of 103,900 k? LPG to be importéci in 2000, some might
be transported directly to the t_anks of distributors, bypassing the Villa Elisa
Refinery, as in 1987. However, it is herein assumed that all of the imported
1L.PG would be received at the Villa Elisa Reﬁhew.
On ﬂlG assumption that all the LPG will be transported with a tank-truck with
an average capacity of 44 k€, then the transpdrtation frequency per year will
be about 2,360. ' _ _
On the other hand, it takes for a tank-truck about 1.5 days to go from Arau-

caria in Brazil to the Villa Elisa Refinery, according to PETROPAR. If another.

1.5 days is necessary to untoad LPG at the refinery and return to Araucaria, it
will require a tank-truck about three days to make a round-trip between
Araucaria and the refinery. '
Since-the number of such round-trips available for a tank-truck per year is
~about 88, the transportation of the annual LPG imports will need at least 27
tank-trucks with a 44 k¢ capacity each, or a total capacity of 1,188 ke.
At present, Paraguayan transport:;tioﬁ companies possess LPG tank-trucks with
their total loading capacity of 914 ke '(21 tank-trucks in terms of a 44 kg
capacity), as shown in Table 4.4.3, Of these, however, nine trucks are sup-
posed to be used for domestic distribution of LPG, as will be discussed in 6.2.4.
Consequently, the remaining 12 trucks alone will be available for the trans-

portation of imported LPG, and thus 15 more will be required.
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(i) Regular Gasoline, Premium Gasoling, and Gas Qil
Total annual imports of these products: (246,800 k) will all be received at the
Hernandarias Depot, Supposing that all the iiﬁports will be carried with a 30 k¢
tank;truck, the annual transportation frequency will be 8,230,
Apﬁroxima’éely one day is needed for a tank-truck to travel from Araucatia in
Brazil to the Hernandarias Depot, according to PETROPAR. Assuming that a
day will be required fo unload products at the depdt and return to Araucaria, it
will take a tank-truck about two days to make such a round-trip.
This translates inte about 132 such round-trips per year for a tank-truck, if 264
days are available a year. Therefore, at least 62 tank-trucks with a capacity of
30 k® each (or a total capacity of 1,860 k&) will be necessary for the trans-
portation of all the annual imports. .
In contrast, as indicated in Table 4.2-5, for transportation of petroleum prod-
ucts except for LPG and asphalt, Paraguayan transportation companies present-
ly own tank-trucks with a total loading capacity of 1,271 k¢ {or 42 tank-trucks
based on a 30 k8 capacity). Thus 20 more tank-trucks will be needed.

(iii) Aviation Gasoline - _
© Aviation gasolihc will be all received at the Villa Elisa Refinery. Assuming that
the tofal imports of 4,200 k& will be tratsported with a 30 k¢ tank-truck, a
transportation frequency of 140 per annum will be required.
If a round-trip between Cubatao (Sao Paulo) and the Villa Elisa Refinery is
supposed to require four days, then a tank-truck can make 66 such round-
trips per year,
Therefore, two tank-trucks with a capacity of 30 k2 each will be needed to
transport - the annual imports of aviation gasoline. As mentioned in (ii) above,
- the tank-frucks owned by the Paraguayan tz'ansportétion companies are sup-
posed to be used fo transporf regular gasoline, premium gasoline, and gas oil to
the Hernandarias Depot. Then two 30 k® tank-trucks will be additionally

required for aviation gasoline.

6.2.4 Domestic Distribution
(1} Distribution Center’
A study has been made to judge whether or not a third distribution center is re-
quired in addition to' the two existing centers - the Villa Elisa Refinery and the
", Hernandarias Depot - to cover the regional demands for petroleum productsin the year
2000.
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{a) Study Basis , o S _

. If the third distribution center is to be set up, the most reasonable location for

- such a cenier seems to be somewhere in the south of ,I_fapua Department, which is

expected to have a relatively lasge demand'fqr petroleum products, to be located in

“a position to form a triangle '_'in relation' to the Villa Elisa ‘Refinery and the
Hernandarias Depot. N '

The supply area of the third center is assumed o cbver‘itapua Department and

the neighboring Departments . of Misiones and Caazapa iu'.\.'i_ew.ot'~ its correlative

position in relation to the two existing distribution centers and the routes of the

national highways in Paraguay.

(b} Study Method and Results

An examination is made to see if the petroleum .product demand in Itapua
‘Departiment will be large enough to justify the installation of the third'di'stribution
cenfer, as most of the product demand of the abbvementioned supply area is con-

- centrated in the said department. . .

-As shown in Table 6.2-6, the estimated demand in ltapﬁa for the year 2000
indicates that the deniand for petroleum products other than regular gasoline and
gas oil is too sinzill, if not nil,'for the installation 6f the third distribution center to
be viable, . | |

- As for regular gasoline, its demand corresponds to only about a half of the
‘shipments “from the Hernandarias Depot in 1987, and hence the instailation of the

center could not be justified.

The demand for gas oil, on the other hand, is comparable to the total ship-
ments from the Hernandarias Depot in 1987, and would seem to be large enough to
require the distribution center. However, a distribution center which handle.s only
one single type of petroleum product may not- be realistic from an economic ﬁew—
_point, _ : : :

In conclusion, the third distribution center does not appear to be necessary and
the distribution centers required for the future p'etroleum'product supply plans in
Paraguay will be the Villa Elisa Refinery and the Hernandarias Depot, the same as at

present,
(2) Supply Areas o_f Each _Distribution Center

In order to plan the future facilities in the distribution centers at Vilia Elisa and

Hernandarias, it is necessary to fix the amount of each product to be handled at each of g
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Table 6.2-6 Itapua Department’s Demand in 2000 vs. Hernandarias Depot’s Shipments in 1987

{Unit: K2)

Product [tapua Dep.artment's Hernandarias Depot's

Demand in 2000 Shipments in 1987
1. LPG Small ) o
2. Regular Gaseline - 11,200 . 23,686
. 3. Premium Gasoline _ 13,200 . : 0
-4, Aviation Gasoline ' 0 0
'8, Keroéene . 1,200 ]
6. Jet Fuel 0 ' 0
7. Gas Oil 58,100 71,549

8. FuelOll - . o

9. Aspha\t . Smalt . : g

Source: JICA Mission and PETRGPAR

the centers. Such amounts are established by assuming the supply area for each distribu-
tion cenfer, : ' ' : .

- It is known that Paraguay is divided into four regions, and this division seems to be a
“convenient basis for the setting up of the supply areas of the two distribution centers. In
consideration of the highway network in the country, it is assumed that the supply area
for the Hernandarias Depot would be the Region 11 (Este or Eést), while that for the Vilia
Elisa Refinery would ‘cover the other three régions, i.e,, Region I (Centro Sur or Center
‘South}, Region 111 {Norte or North), and Region 1V (Occidental or West), Although this

division of supply areas for the two distribution centers is only for convenience, it will

" not be too much different from the present sifuation, and it should be noted that the

division will by no means be rigid and unchangeable.
In the above assumptions, the amounts of the petroleum products to be handled at
the Villa Elisa Reﬁnery and the Hernandarias Depot are as shown in Table 6.2-’?. The
“whole amount of aviétion gasoline and kerosene are assumed to be handled at the Villa
Elisa Refinery since demand for the tWQ products in the Region Il is estimated to be very
s;hali. LPG and asphalt are assuined fo be all handled also af the Villa Elisa Refineljr,
“pecause the future regional demand for such products is not available. (Incidentally, at
present, all the terminals for the import and -distrib_u:tior.l of LPG are owned by LPG
distributors and are concentrated in the capital of Asuncion and its suburbs. On the
other hand, imported asphalt is sent directly to construction sifes in most cases, and

~asphalt tanks at the Villa Elisa Refinery are not fully utilized.)
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(3) Routes and Means of Transportation for Domestic Distribution
The :outcs and means of transportatlon for domestic dlstubuhon are supposed to

be basically the same as they are at present, -

(a) Distribution Routes
As shown in Fig. 4.4-1, the present distribution routes are classified into two:
One is through distributors, and the other is the direct channel from PETROPAR to
CONSUIBETS, The former consists of two cases: one where ‘products are sold to con-
sumers via retailers, and the other where products are directly sold to consumers by

distributors.

(i) A greater part of regular gasoline, premium gasoline, kerosene, and gas oil will
be shipped from PETROPAR to retailer’s service stations via distributors, to
whomt the retailers are under contracts. The rest is to be sold to consumers by

PETROPAR directly, or through distributors.

Table 6.2-7 Supplies of Petroleum Products from Villa Elisa Retfinery and Hernandarias Depotin 2000

{Unit: Kg)

Product Vitla Elisa Refinery rHemandarias Depot i _ Total _De_n‘iand
1.LPG 103,900 1) : ol 103,900
2. Regular Gasoline . 96,700 47,000 142,700 -
3. Premium Gasoline 52,200 12,200 64,400
4. Aviation Gasoline . 4,200 2} 02 4,200
6. Kerosene 9,400 2) (1%4) 9,400
6. Jet Fuel : 58,600 0 58,600
7. Gas Ol 393,800 187,600 581,400
8. Fuel Oil 43,300 ' -0 _ 43,300
9. Asphalt 12,200 1} ot 12,200

Source: JICA Mission i
1} As the most of the total demand is expected in Regions IR and IV, the tolal demand is assumed
10 be supplied from Villa Elisa Refinery.
2) Since shipments from Hernandarias Depot to Region Il are relativel? small, these are supposed to
be supplied from Vilta Elisa Refinery. '
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(b)

(i)

(i)

(iv}

)

Most of the aviation gasoline and jet fuel will to be sold from PETROPAR to
consumers through distributors, while the rest is sold directly from
PETROPAR to consumers,

LPG is to be shipped from PETROPAR to distributors; LPG for household use
is to be filled into cylinders at the distributors’ storage terminals and sold to
consumers through the retail service stations; LPG for automobile use is to be

sold at tlie distributors® filling stations.

Fuel oil is to be sold to consumers through distributors or directly by
PETROPAR. '

Asphalt is to be sold to consumers directly by PETROPAR or via distributors.

Means of Transportation

The transportation of petroleum products at each distribution stage mentioned

“above is to be undertaken by transportation companies using tank-trucks, under

agreements with distributors.

Tank-frucks with an average capacity of 14 k¢ are to be used for transportation

of petroleum products, except for LPG which is to be carried mainly with 44 k¢ -

capacity tank-trucks,

Fuel oil sold to consumers on the Parana River or the Paraguay River will be

- -shipped directly from the Villa Elisa Refinery by barge.

Number of Tank-trucks for Transportation of Petroleum Products for Domestic Distribu-

tion

" With regard to Case-2, in which the total shipments of petroleum products from the

Villa Elisa  Refinery are the largest among all the cases, the required number of tank-

trucks to transport such products for domestic distribution in the year 2000 is estimated

as follows:

It is herein assumed that, irrespective of distribution routes, a day would be required

on the average for products shipped from either the refinery or the Hernandarias Depot

to reach service stations (for LPG, storage terminals or filling stations) or PETROPAR’s

direct customers .and also that each tank-truck will be engaged in one round of irans-

portation on_cé a day,

Arnotlier assumption is that 264 days per year (22 days per month on the average)
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will be available for shipping products from the Vﬂh Ehsa Refmery aud the Hernandarias

Depot, reﬂpectweiy, in view ‘of holidays etc.

(a)

(b)

The annual shipments of products in the year 2000 i is as shown in Flg 6.3-2.

LPG . o _ _
Assuming that an ann_uai quantity of 103,900 k2 will be shipped from the Villa

Elisa Refinery with a tank-truck having a 44 k® capacity, whicl is equivalent to an

average capacity of ' tank-trucks so far been used, then the required transportaﬁon
frequency will be .rbout 2,360 per year, . '

On the other hand the number of times available for a tank-truck to transport
LPG during 264 days wiil be 264 per year.

Therefore, to transport all of the total annual quantity of LPG, about nine 44
k¢ tank-trucks will be required, with a total loading capacity of aBout-‘-lOO ke.

The total capacity of LPG tank-trucks owned at présent by the Paraguayan
transportation companies is 914 k¢, as indicated in Table 4.4.3, which is equivalent
to approximately 21 tank-trucks in terms of a 44 k€ capacity. Of these tank- trucks,
about 12 trucks will be used for transportafion of. nnported LPG from

_ PETROBR:\S as mentioned in 6.2.3. Therefore, about nine trucks remaining will

be sufficient to carry all the annual shipments for domestic distribution.

Petroleum Products except LPG and Asphatt
With respect to petroicum products except LPG and asphalt, the annual ship-
ments for domestic distribution wili be 1,397,600 k¢, compriéing the total quanti-

ties of products to be shipped from the Villa Elisa Refinery and the Hernandarias

Depot plus the quantities of products to be transferred from the refinery to the
depot.

Supposing that the above total quantity will be transported with a tank-truck
of a 14 k? capacity which is the present average, then the reqmred transportation
frequency amounts to about 99,830 per year. ,

On the other hand, a transportation frequency of 264 per year wiil be required
to carry the products with a 14 kg tank-truck, About 378 tank-trucks (total loading
capacity of about 5,290 k) will hence be necessary to deliver the annual éhipments.

The total capadcity of tank-trucks owned by Pafag"uayan transportation compa-
nies to transport petroleum products exce'p.t for LPG and 'ésphalt amounts to abont
3,840 ke (or about 274 tank-trucks in terms of a 14 k@ capacity), as indicated in
Table 4.4-2, Therefore, about 104 more tank-trucks will be required to deal with the
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shipménts for the year 2000, .

(©) Asphalt
~In case wheie the annual asphalt slupments of 12 200 ke is to be transported
with a five ke tank-truck owned by Jose T. Fleitas, a Paraguayan asphalt distributor,
as showh in Table 4,422, thén the transportation frequency required will be 2,440
per year. . _

. On the otlier' hand, since a transportation frequency of 264 per year will be
net,essary to cover the annual shipments, a total of about nine tank-trucks with a
capacﬁy of five k® each will be required.

Consequently, about eight more 5 k€ fank- trucks w111 be needed in addltlon to

the existing tank—tuuk

6.3 - Petroleum Product Supply Balance
The future supply balance of petroleum products has been ﬂxed on the basis of the
estimated domestic demand for petroleumn products up to the year 2000. In Case-1, all of the
products required are to be .impo'rted. In Case-2 and Caée-S, the amounts of products to be
imported are calculated by decluét_ing the respective amounts to be produced at the refinery (as
indicated in Section 6.2-2) from the estimated demands for those products.
_ With regard to the products to be imported, their suppliers, the amount of supply, and
the receiving faciﬁties have been determiined as discussed in Section 6.2.3. Since domestically

produced absolute alcohol is blended with regular gasoline, its amount is reflected in the

supply balance of regular gascline. An outline of the future supply balance is discussed below.

6.3.1 Supply Balance in Case-1 _

. Fig. 6.3-1 shows the supply balance of the petroleum products for Case-1 in the year
2000. The total demand for petroleum products in the year 2000 will be 1,020,100 k¢, atl of
which will be impo'rte'd, except 3,000 kR of absolute alcohol produced in Paraguay and
blended with réguiar gaédline.

The prod.ucts to be imported from YPF of Argentina will amount to 662,200 k2 and the
imports from PETROBRAS of Brazil will be 354,900 kg, thus the ratio being 65% / 35%.

The balance for each product is as foliows:

(13 LPG demand will be 103,900 ke, all of which is to be imported from PETROBRAS and

received at the Villa Elisa Ol Terminal and at LPG distributors’ storage facilities.
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(2) Repgular gasoline demand will be 142,700 ke , of which 3,000 ke is to be supplied in the
form of absolute '1100}101 and the balance of 139,700 kR is to be imported. Imports

" from YPF will be G2 700 ke, being received at the Villa Elisa Oil Terminal, 47 000 ke of
regular gasolme nnportcd from PETROBRAS will be received at the Hernandarias Depot.

(3) Premium gasoline demand wili be 64,400 kE' of which 52,200 k& is to be imported from
YPF bemg received at the Villa Elisa Oil Terminal, while 12,200 k2 from PETROBRAS

- will be recelved at the Hernandarias Depot

(4) - Aviation gasolme demand wﬂl be 4,200 k¢, all of which is to be imported from
PETROBRAS being received at the Villa Elisa Oil Terminal.

. {5) Kerosene and jet fuel demands 'wiil be 9,400 ke and 58,600 ke, respectively. All of these

products are to be imported from YPF being received at the Villa Elisa Qil Terminal.

(6) Gas Oil demand will be 581 400 k¢, of 'which 393,800 k® is to be imported from YPF
 being received at the Vilia EllS’l Oil Terminal, and 187 ,600 ke flom PETROBRAS being

received at the Hernandarias Depot

(7) Fuel oil and asphalt demand will be 43,300 k¢ and 12,200 kR, respectively. All are to be
imported from YPF being received at the Villa Elisa Oil Terminal.

The supply balance of petroleum produc'ts in ¢ach year of the study period (1992 - 2000)
is calculated in a similar way to the above on the basis of the estimated product demand for

each year. The calculated figures are tabulated in Table 6.3-1.

6.3.2 Supply Balance in Case-2

The supply balance of petroleum products in the year 2000 for Case-2 is shown in Fig.
6.3-2. Of the total demand for pet.roleum products of 1,020,100 ke in the year 2000, 949,600
k2 is.to be supplied by the refinery and by absolute alcohol, and the remaining 70,500 k&
wiil be imported. The ratio of thé domestic refining to the imports will be 93% [ 7%.

The -crude oil to be used at the refinery is to be the Bdnny Light crude, and the amount
to be imported and refined in the year 2000 will be 996,800 ke.

Imports of refined products from YPF and PETROBRAS will be 12,200 ke and 58,300
k9, respectwely, the ratio hence being 17% | 83%. ‘

The supply balance for each product is as follows:
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(1) The LPG demand will be 103 900 ke, of which 49,800 k€ is to be supplied by the re-
finery and the balance of 54,100 ke is to be imported from PETROBRAS. The imported
" LPG is to be received at the Villa Elisa Refinery and at the storage facilities of LPG

distributors,

(2) Regular gasoline and p'remium_ gasoline will be all supplied from the domestic sources, i.e.,
the products of the refinery and absolute alcohol, Of the products from the Villa Elisa
Refinery, 47,000 k& of regular gasol;‘_ne (including absglute alcohol) and 12,200 k¢

of premium gasoline will be transferred from the refinery to the Hermandarias Depot,

(3) Aviation gasoline will be all imported from PETROBRAS being 1‘ecéived at the Villa Elisa
Refinery. ' -

(4) Kerosene, jet fuel, gas oil, and fuel oil will be all supplied by the domestic refining, Of the
ga.é oil produced by the Villa Elisa Refinery, 187,600 k¢ will be transferred from the

refinery to the Hernandarias Depot.
(5) Asphalt wi'li'ber all imported from YPF being received at the Villa Elisa Refinery.

The supply balance in each year of the study period (1992 - 2000) is calculated on the
basis of the estimated product demand for each year, on the supposition that the refinery will
be operated so as to produce no surplus products, and that products in short supply will be

imported. The balance for each year is shown in Table 6.3-2.

6.3.3 Supply Balahce in Case-3”

" The supply balance of petroleum products in the year 2000 for Case-3 is shown in Fig.
6.3-3. Of the to'tal product demand of 1,020,100 k2 in the year 2000, 424,600 k2 will be
supplied domestically, and the ba]z_mcc of 595,500 k® will be imported. The ratio of the
domestic refining (including absolute alcoh'ol)E to the imports will be 42% | SS%,

Crude oil pracessed . at the refinery is to be the Saharan Blend crude and the annual
imports in the year 2000 will amount to 440,700 k¢,

‘The product imports from YPF and PETROBRAS will be 270,600 k& and 324,900 k¢,
respectively, thus the ratio being 45% [ 55%.

The supply balance of each product is as follows:

6--3]
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(1)

(2)

3)

N

(8)

©

LPG demand will be 103 900 k¢, of _which 17,800 k2 will be produced at: the refinery
and the rest of 86,100. k? will be imported from PETROBRAS. The imported LPG is to

be received at the refinery and LPG distributors’ storage facilitics.

Regular gasoline demand will be 142,700 ke, of which 51,400 ke \_vill. be supplied by
domestically refined products and absolute alcohol. The balance of 91,300 k& will be
imported. The imporis from YPF will be 44,300 k2 being received at the refinery, and
47,000 k2 from PETROBRAS being received at the Hernandarias Depot.

Premium gasoline demand of 64,400 ke will be all supplied by the refinery. 12,200 k& of

premium gasoline is to be transferred from the refinery to the Hernandarias Depot.

" Aviation gasoline is to be all imported from PETROBRAS being received at the refinery,

 Kerosene will be all imported from YPF being received at the refinery. -

Jet fuel demand will be 58,600 k2, of \ﬁr’hich 35,200 k2t will be supplied by the refinery
e_md' the remaining 23,400 kf will be imported, The imports will be received at the re-

finery.

The gas oil demand will be 581,400 kg, of which 212,500 ke will be covered by the
domestically refined product and the baiancﬂ of 368,900 k¢ will be imported. The
imports of 181,300 kg from YPF are to be received at the refinery, and 187,600 k£ from
PETROBRAS at the Hernandarias Depot.

Fuel oil demand of 43 300 k2 is to be supplied by the domestically refined product.

Asphalt will be all imported from YPF being received at the refinery.

The supply balance in each year. of the study period (1992 - 2000) is calculated in the

same manner as in Case-2, as shown in Table 6.3-3.
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CHAPTER 7 DESCRIPTION OF SUPPLY FACILITIES

Design Basis and Conditions
Demand for Petroleum Products _ _
Pettoleum product supply facilities will be planned according to demand for the

petroleum products in the year 2000 as per Section 3.3.

Product Specifications
Th_é_ specifications of imported and inIlestically refined products are given in

Appendix 3 and 4. Also, the major specifications of each domestically refined product are

given in ‘Table 7.1-1.

Crude Oif
The crude oil to be processed in the refinery will be as follows:

Case_-2: Bonny Light crude oil

Case-3: Saharan Biend crude oil

Utilities

Utﬂitiés, other than electricity required in the Villa Elisa Refinery and clectricity and
fuei oil required in the Villa Elisa Oil Terminal, wﬂl be provided in these sites to meet the
respective requirements, Electricity will be purchased and supplied from ANDE, and river

water will be used as raw water for cooling water, etc.

Storage Facilities _

(2) : Present Petroleum Product Storage Capacity
' The present capacity of the petfoleiuh storage facilifies in Paraguay is about
_ 188,200 k2, as a total of the capacity of the crude oil and product tanks at the Viila
Elisa Refinery and Calera Cue, the product tanks at the Hernandarias Depot, and
the LPG tanks possessed by the LPG distributors. The gross demand for petroleum
products based on actual records in 1987, is about 698,300 k2 (1,913 k2/day).
Therefore, the present storage capacity (the capacity of the storage faci]itiés divided
by the average product demand/day) covers a 98-day demand, an approximately

33-day demand for crude oil and an approximately 65-day demand for products.



Table 7.1-1 Produat Specifiéalion_

Product

Properties

Specification :

1. Regular Gasoling

2. Premium Gasoline

3. Kerosene

4, Jet Fuel

5. Gas Oil

6. Fuel Oif

Research Octane No,

Lead Content, gr_Pb/E

Reid Vapor Pr’eﬁéur_e, psia
End Point, °C (ASTM D86)

Research Octane No.

Lead Content, grPb/¥

Reid Vapor Pressure, psia

End Point, °C (ASTM D86)

Specific Gravity, 16/15°C

Suifur, wi%

Smoke Point', rm

Flash Point, °C

Freezing Point, °C

End Paint, °C (ASTM D86}

Density @15°C, Kg/?

Sulfur, wt%

Smoke Point, mm

Flash Point, °C

Freezing Point, °C

End Point, °C {ASTM D86)

Aioma Content, vol%

Specilic Gravity, 15/15°C

Sulfur, wi%

Cetane index

Flash Point, °C

Pour Point, °C  (summer)
{winter)

'Viscosily @37.8°C, ssu

Specific Gravity, 15/15°C

Sulfur, wi%

Flash Point, °C

Pour Point, °C

Viscosity @50°C, ssf

High Heating Value, Kcal/kg

Min, BT
Max. 1 . -
7.6 —-10

© Max. 225

Min. 93
Max. 1,
Max. 10

 Max. 225

0775 - 0.840

‘Max. 0.3

Min. 20

Min. 38

Max. ~30

Max. 300
0.7763 — 0.8398
Max. 0.3

Min. 25

Min. 37.8°
Max. —47
Max. 300
Max, 20
0.815 — 0.862
Max, 0.5

Min. 50

Min. 55

Max. 0

Max, —b

33— 406
0.920 — 0.966
Max. 0.9

Min. 55

Max, 20

150 — 300
Mir. 10,300

Source: PETROPAR
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(b) Future Petroleum Product Storage Capacity
The sforage capacity of the petroleum (crude oil plus products) thrcnighout
Paraguay is to meet a 100-day demand in the year 2000, However, the LPG storage
capacity is to meet a 30~day demand, because of a high storage cost. The storage
capacity of the crudé.:oil and petroleum products for each case will be as follows.
Howe{rer, when all the amount of a proclhct is impoi‘ted' in Case-2 and Case-3,

the storage capzi_city of the product is to cover a 100-day demand.

Case . Crude il Praduct
Case—1 - 100 days
Case~2 60 days 40 days
Case—3 40 days 60 days

(c) Storage Capacity Required in the Year 2000 |

The storage capacity of petfo_leum products and crude oil throughdut Paraguay
in the vear 2000, obtained from the for.egoing item (b), are shown in Table 7.1-2. In
caiculating such éforage capacity, it is assumed that LPG distributors would not
increase the capacity of the LPG tanks to maintain the present capacity, and the
required storage capacity at the Hernandarias Depot would correspond to a 30-day
demand for petroleum products in Region 1. The storage capacity required in the
refinery .{or the oil terminal} at Villa Elisa has been determined by deducting the
storage capacity of the LPG fanks possessed by the LPG distributors and also that at
the Hernandarias Depot, from the required storage capacity throughout Paraguay.
Also, the product tanks at Calera Cue is assumed as a part of the refinery (or the. oil

terminal).

(6) Receiving and Shipping Facilities
The basis and conditions common to determining the capacity of the receiving and

shipping facilities for each case of the future product supply plans are as follows:

(a) Receiv.ing and Shipping Volume
The basis is the volume for the year 2000, as shown in Fig. 6.3-1 through
6.3-3.
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(b) Method of Determining Capacity
Receiving or shipping facilities are generally designed to allow the proportion
of the actually received or shipped volume to the receiving or shipping capacity
(namely, “‘occupancy rate” or “operating rate””) to be kept at a maximum of about

60%. This design philosophy will be herein followed.

7.2 Supply Facilities for Case-1

7.2.1  Villa Elisa Oil Terminal

)

(2)

(3)

@

This Section gives a summary of the facility plans and project imp!éxnen‘taﬁon plans at

_the Vilia Elisa Qil Terminal for Case-1.

Process Unifs ‘
The existing crude distillation and jet fuel treating units will be shut down.

Utility Facilities : _ ‘ _
The utilities required ét‘ the oil terminal will be supplied from the existing ut.ility
facilities. However, a facility. will be newly. installed to make nitrogen to be used as sealing
gas for tanks to avoid such situation to lead to explosion.
.Eleétricity (3.2 x 10° kWh/yr) and boiler fuel oil (3,200 k€/yr) will be supplied

from outside of the oil terminal.

Storage Facilities . __
- The required storage capacity of each product tank will be as per Section 7.1 (5).
The number of new tanks will be determined on the basis of the capacity of the existing

tanks and their diversion, as per Table 7.2-1.

Wharfs _
For Case-1, wharfs will be used not only for r’eceiﬁng petroleum products imported

from YPF, but also for shipping a part of fuel oil. In the case where the existing two

wharfs are used for such purposes, wharf occupancy rate is estimated as follows, to see
whether or not their capacity is enough:
{a) Receipt of Products to be Imported from YPF

The following conditions are asswmed:

(i) Monthly imported products from YPF will be 55,200 k2, based on the annual
' import volume (662,200 k) as per Fig. 6.3-1.

7-5



Table 7,21 ank List for Case-1 -

R CCExisting Tanks {0 Total | Additional New Tanks
Crude/Product . ltem No. | Capacity | Requirement | Requirement | capacity .
(09} {Ke) AL B RS Sk | YPe
{1} LPG 916,819,920, | 300 | 7,000 6,700 | 2000x3| SPH
924, 925 1,000 x1{ SPH
(2} Regufar Gasoline { 907,921,922, | 36,300 35200 | S
_ : 917 o _ -
{3} Premium Gasoline | 904, 905, 968, | 20,565 16,600 . - -
S 915, 902 - ' |
(4) Aviation Gasoline | 903,918 1,380 1,200 - -
{5) Kerosene 909,913 3,050 2,600 - -
(6} Jet Fuel 906, 910 2,780 16,000 13200 |13,000x1| CR
{7) GasOil 923,926,927 | 99,200 | 143,800 44,600  ]26,000x2{ CR
978, 929, €S2
- |eor. ' _
{8) Fuel Ol 911,912, €81 { 15760 |. 11,900 - -
{9} Asphatt 935,936,937 | 1,230 3400 2,170 | 2,000x1} CRH
{10} Alcohot 214 1,680 860 R =

Source: JICA Mission
Note SHP: Spherical Tank
CR: Cone Roof Tank
CRH: Cone Roof Tank with heating

(i) The loading capacity of the barge to be used for tramsporting imported
- products will be 2,000 ke, which is equivalent to the average capacily of the

existing barges, o
(iii) The capacity of the pump for unloading products will be 150 ke /hr, which is
cquivalent to the average capacity of the pumps provided for 2,000 k¢ barges.

(iv) . The working time will be 24 hours per day which is probably the same as the

present situation.
Under the above conditions, the wharf occupancy rate is calculated as follows:
Number of barges required for transporting the monthly volume of products

imported:
(55,200 k£)/(2,000 kg) = 28 barges

7-6

g



Time required to unload one barge:
(2,000 ke)/(150 k& /hir) = 13 hours

Time for one barge to occupy one of the existing wharfs: 19 hours (if is assum-
ed that 6 hours would be required in addition to the above 13 hours for

unloadiilg.)_

Monthly occupancy time of one wharf:
(19 hours/barge) x (28 barges){2 = 266 hours
=11.1 days

Wharf occupancy rate:
[(11.1 days)/(30 days)] x 100=37%

(b) Delivery of Fuel Qil o
Even when it is assumed that all the volume of fuel oil corresponding to the
total demand in Paraguay in the year 2000 would be shipped from the wharfs, the
delivery volume is only 7% of the total product imports froﬁl YPF, being very smali,
as shown in Fig. 6.3-1. . _
Accordmgly, the total wharf occupancy rate, when the é_hipping volume of fuel
oil is handled together with products imported from YPF, is far below 60%, because
the estimated occupancy rate for the latter is 37%.
{c} Conclusion _
As the estimated wharf occupancy rate is below 60%, ﬂ.le existing two wharfs

can be used as they are.

(5) Land Shipping Facilities _
The operating rate of the existing land shipping facilities is estimated as follows, in

order to judge whether or not their capacity is SUfﬁ_cient.

(a) Basis
(i) Except for LIPG, the daily shipping volume is calculatd based on the annual
. shipping volume in the year 2000 as per Fig. 6.3-1, on the aésumption that
products will be shipped for 22 days per month. .
On thé other hand, the LPG shipping \}Qiume is supposed {o be the net delivery
volume from Villa Elisa, on the assumption that thf_a.LPG imported to the LPG

77



'd_istribufors directly from PE_TROBRAS_in' 1987 will continue to be delivered
directly to the LPG terminals of the distributors even in :th_e year 2000 at an

unchanged volume of 52,113 k®.

(i) - The a'\}el'age"capécify of t'aﬁk-ti-uckis to be used for delivering LPG and the other
products will be 44 k? and 14 ke, respectively, same as at present,

(iii) Loading time for petroleum products (except LPG) into one 14 ke tank-truck is
assumed to be 25 minutes on the average. As for LPG; the net time of filling it
into one 44 ke tank-truck is supposed to be 132 minutes, the waiting time 8

minutes, and thus the total loading time, 140 minutes.
(iv) The daily delivery time will be 8 hours.

(b} Estimation of Operating Rate
As an example, the operating rate of the land shipping facilities for gas oil is

estimated as follows:

The daily shipping capacity is calculated on the assumption that the existing six
loading arms would be available: '
(14 k9) x [(480 minutes)/(25 minutes)} x 6 = 1,613 k&

Daily shipping volume:
[(393,800 k#)/12] x (1/22) = 1,492 ke

Operating rate:
[(1,492 k®)(1,613 k®)} x 100 = 92%

The operating rate of the land shipping facilities for other products, calcutated

in a similar way, is given in Table 7.2-2,

(&) Conclusion , _
A.s shown in Table 7.2-2, fhe operating rate of the land shipping facilities for
the products other than gas oil and LPG is less than 61%. Therefore, the capacity of
the existing facilities is deemed enough, S
As for gas oil and LPG, however, the 6ﬁerating rate is 92% and 130%, respec-

7-8
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tively, thus exceeding 60%. . _

For gas oil, a total of 9 .loading arms with a slﬁpﬁfng capacity of 60 ke fhr each
will be required to make the opei'ating rafe less tﬁ_a’u_ about 60%. '

‘This means that, as the existing six loatfilig anﬁs with a _capaéity of 60 ke/hr
each are zwailf:ble, three more loading arms with the same capacity each will be
needed. '

Likewise, for LPG, a total of two loading arms with a capacity of 20 k¢/hr each
will be reqtiiréd to reduce the operating rate to around 60%. As one existing loa'ding
arm with a capacity of 20 kR /'hr is available, another loading arm with the same
capacity will be héo_:essary. o | .

With regard to asphalt, shipping facilities is supposed to be installed to be
capable of meeting the Shipping volume for the year 2000.

(6) Summary of Project Implementation Plan

(a)

(b)

(c)

(d)

Required Area

The requii'ed area for the major facilities added is as follows:
- Storage facilities/land shipping facilities: 35,000 m?

It is believed that these facilities can be constructed within the site of the existing

refinery.

Construction Period _
The construction period for the oil terminal is estimated at 18 months, to be

executed between July 1990 and December 1991,

Manning Plan .

The organization and the number of personnel required fér the oil terminal are
shown in Fig. 7.2-1. The organization consists of an oil handling departmént, techni-
cal department, maintenance department and general affairs'department, and the
number of personnel required is 234. Thé reqﬁired numbgr at the Calera Cue

Product Storage Terminal will be 4, equivalent to that at present.

Personnel Training :
It is assumed that the oil terminal will be operated by the preseﬁt

PETROPAR’s personnel. Accordingly, no particular training of personnel will be

required.
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122 Hernandarias Depdt
(1) Land Recewmg Facilities '
The existing receiving facilities are for regular gasohne and 8as oil alone. Therefore,
f'1c11xt1es for receiving prenuum gasolme as well as the above products will be required in
the year 2000
An outline of the existing recewmg facilities is as follows

- Regular gasohne

One receiving pump being used for wcelvmg gas oil as wc]i (capacﬁy 45 ke {tr)
. One receiving line being used for receiving gas oit as well o @

.- Gas oil
One recelvmg pump (capacity: 45 ke /hr)
One receiving line

In order to estimate the operating rates of the above existing facilities when they are

used in the year 2000, the following conditions are supposed:

(i} - The daily receiving volume is estimated, on the basis of the annual shipping
volume in the year 2000 as per Fig. 6.3-1, and on the assumption that products

will be received for 22 days per month.

P

{ii) The daily shipping time will be 8§ hours.

(iii) The capacity of tank-trucks to be used for produ'ct'transpor_ta{ion'wil'i be 31
ke, which is equivalent to that of tank-trucks presently used for importing
products from PETROBRAS.

(iv) Time required for unloading one 3! kg tank-truck is estimated to be 50
minutes, by adding the waiting and other required time of 9 minutes to 41
minutes for transferring products into the tank, as calculated based on the

capacity of the existing pump.

(v) The receiving volume of each petroleum product is as follows:



- (

— Regular gasoline: 47,000 k2 fyear

_ 178 k& /day
— Premium gasoline: 12,200 ke /year
46 k2 /day

— Gas oil: 187,600 k& /year -
711 k2 /day

All of these products will be imported from PETROBRAS,

The receiving capacity of the existing facility for regular gasoline is calculated as
follows: Since the receiving pump is used for régﬁlar gasoline and gas oil, its utilization
rate is assumed to be 0Q.5. _

(31 k) x [{480 minutes)/(50 minutes}] x 0.5 = 149 k/day

The operating rate is:
[(178 k/day)/{149 ke/day)] x 100= 119%

The rate considerably excéeds the considered adequate rate of 60%. In order to
reduce the operating rate to around. 60%, the receiving capacity must be about double
that of the existing facility. Accordingly, the existing receiving plimp used currently
for receiving pas oil as well heeds t0o be used exclusively for receiving regular gasoline.

" As for gas oil, the receiving capacity of the existing facility is:
(31 k2) x [(480 minutes){(50 minutes)] x 1.0 = 298 k¢/day

The operatihg rate of the facilities is:
[(711 kr/day)/(298 k2/day)] x 100 = 239%

.Thus, the o_pérat'mg rate considerably exceeds 60%. In order to reduce the operating
rate to 60%, the receiving capacity must be about 4 times that of the existing facility,
This means that three more receiving facilities with a capacity of 45 ke fhr each will be
required, thereby makinﬁ a total of four facilities. -

As for premium gasoline, a newly installed receiving facility with a capacity of 45
ke fhr will be enough, as its operating rate becomes less than 60%.

Land Shipping Facilities
' The shipping volume of petroleum products being equivatent to the receiving volume
is as follows, on the assumption that they will be shippéd 22 days per month and 8 hours

per day:



— Regular gasoline: 178 k!l/d'ay
— Premium gasoline: 46 kefday
- Gas oil: T ke/day

The capacity of one tank-truck fo be used for shipping products is suppos'ed"to be

14 ke, as in the present situation.
An outline of the existing shipping facilities is as follows:

— Regular gasoline:
One shipbing pump (capacity:' 45 kefhr)
One loading arm '
— Gas oil
_ One shipping pump (capacity: 45 ke/hr)
Two loading arms

" Time required for loading one 14 ke tank-truck is assumed to be.a total of 27

minutes (19 minutes calculated on the basis of the shipping pump capacity plus the

waiting time of 8 minutes).
The daily shipping capacity for both regular gasoline and gas oil will be as follows:

(14 k2) x (480 minutes)}/(27 minutes) = 249 k¢

The operating rate of the existing facility for shipping regular gasoline is as follows,

if it is used in the year 2000:
(178 k¢/day)/(249 ke/day)] x 100="71%

As the rate is over 60%, the capacity of the existing facility will be sufficient.
The operating rate of the existing facility for shipping gas oil is:

[(711 ke/day)/(249 ke/day)] x 100 = 286%

In order to reduce this rate to 60% or less, the rship'ping capacity must be about §
times that of the existing facility. Accordingly, four shipping pumps and three loading
arms with a capacity of 45 ke /hr each will necd to be added to the existing facilities.

With regard to premium gasoline, one new 45 ke /hr pump and one new loading arm

will be enough.
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(3) Storage Tank o o _ .
As shown in Table 7.2-3, one 2,500 ke tank for regular gasoling and one 11,000 ke

tank for gas oil will be necessary in addition to the existing tanks, in order to meet the
increased'receiving and shipping volumes, One 1,000 ke tank for premium gasoline will be

newly installed, because there are no tanks for this use presently.

Table 7.2-3 Storage Tank List for Hernandarias Depot

Total Required | additional/Required Tanks

Existing Tanks
- Required Capacity

N Product Item No. Ca{;:(a;)ity Type | Capacity |of Additional Capacity | T\./pe
P N KRy | Tanks{ke) | (KR}
Regutar Gasoline MNo. { 1,6G0 ‘CR 3,000 2,400 2,500 1 CR
Premium Gasoline - - — 1,000 1,000 ' 1,000 i CR
Gas Ol ' No.2 | 4500 | CR | 15400 10,900 1000 [ 1 | R

Source: JICA Mission

- (4) Others 7
(a) Number of Personnel _ ‘
The number of personnel now available is five. However, as the work volume is

expected to increase with increments in the receiving and shipping volumes in the

year 2000, one more person will be required.

. (b) Utility Consumption
Electricity to be used for the receiving and shipping pumps will account for the
most part of the utility _consumpfion in the Hernandarias Depot. The electricity

consumption for the year 2000 is estimated at 100,000 kWh/year.

7.3  Supply Facilities for Case-2
73.1 Vilia Elisa Refinery |
This Section gives a summary of the facility plan for the Villa Elisa Refinery and also the

project implementation plan for Case-2.

(1) Process Units
As outlined in Section 6.2.2, the refinery for Case-2 features an increased yield of

5 gas oil and a reduced yield of fuel oil by the adoption of a vacuum gas oit hydrocracking
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unit. Table 7.3-1 and Table 7.3-2 show the crude oil throughput with the production
* volume of products, and the product properties, resp_ecti\iély._
* The existing cride distillation and jet fuel tréating units will be shut down and

: 'process_' units with their 'i'espei_:tive_capacities aS'pér Table 7.3-3 will be newly installed.

Table 7.3-1 Crude and Product for Case-2

" Crude/Product . BPSDN Koy

1. Bonny Light 19,000 996,800
Ceeds Oil ' '
2. Product _ _ _
(1) LPG 950 . 49,800
(2) Regulor Gasoline 2720 142,700
- Gasoline .  {2.860) . (139,700)
— Absolute Aleohol - : (60) (3,000)
(3) Premium Gasofine 1,230 64,400
{4} Aviation Gasoline 0 | o
{5) Kerosens 80 9,400
(G} Jet Fual - 1120 58,600
(7) GasOil ' 11,080 581,400
{8) Fuel Ol : 830 43,300
{9} Asphalt - 0 o

Source: JICA Mission
1} Annuat operation days are assumed to be 330 days.

(2) Utdlity Facilities
(a) Steam Generators
Two package boilers will be newly installed to supply steam whereby the
operation of the two existing boilers will be stopped. The capacniy of the new

- boilers is as follows:

Capacity: 10¢/hrx 15 kgfem?G x 2
' (one set: stand-by boiler)

{b) Power Receiving Facility
Electricity (about 23.8 x 10 kWh/Y) required in the refinery will be recewed g
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(3}

)

from ANDE, The operation of the cxis'ting power receiving facility will be continued

and a new power receiving facility with the following capacity will be added.

Capacity of the added power receiving facility: 2,600 kW

Two existing diese! generators will be uséd in emergency.

{¢) Water Supply Facilities
(i) . Cooling Water Supply Facilities
The volume of cooling water required for the refinery is estimated at

about 2,000 ke/h, which wiil be supplied from the existing two cooling towers.

(ii) Water Intake Facilities
' Water for making up boiler feedwater and cooling water will be supplied

from the existing water intake and associated facilities.

(d) Other Utility Facilities
- TInstrument and plant ait will be provided from the existing air supply facilitios.
- A nitrogen supply facility will be newly installed.

- Fuel gas and fuet oil supply facilities will be expanded,

Storagc' Facilities

The required storage capacity of crude oil aﬁd product tanks will be as per Section
7.1(5), and the total capacity of semi-product and final product st(;rage tanks will meet
the required product.tank storage capacity. The capacity of the semi-product storage
tanks will cover 7-day production of semi-products.’

The capacity éﬁd number of new tanks as per Table 7.34 are determiried to meet
the requifed storage capacity, on the basis of the capacity and a diverted use of the

existing tanks,

Wharfs _

For Case-2, wharfs will be used for receiving imported crude oil from Nigeria and
asphalt imported from YPF, and also for shipping fuel oil. Wharf occupancy rate is
estimated as follows, to know whethef or not the capacity of the existing two wharfs is

sufficient, if they are used for the above purposes.



Table 7.3-2 Estimatad Product Properties

. Product ", -

Properties

Estim.a_lted Value

1. Regular Gasoline

2. Premium Gasoline

- 3, Kerosene/Jet Fuei

4, Gas Oil

5. Fuel Ol

Spacific Gravity, 15!15_°C

- Research Octane No., Clear

Reid V_apor Pressure, psia -
Specific Gravity, 15/15°C
Research Octane No., Clear

Reid Vapor Pressure, psia

Specific Gravity, 15/15°C

Suifur .

Smoke Point, mm

Ftash Point, °C

Fr_eezing Point, °C

End Point, °C {ASTM D86}
Aroma Con{ent, vol%
Specitic Gravity, 15/15°C
Suifur, wil

Cetane Index

Flash f’oint, °c

Pour Point, °C

Viscosity @37.8°C, ssu
Specific Gravity, 15/15°C
Sultfur, wit%

Flash Point, °C

Pour Point, °C _
Viscosily @50°C, ssf

High Heating Value Kcalfkg

074
g1 1
1.5

0.79
93
5.0

0.80

< 5ppm
25

41

56
250

.0.84

Source: JHICA Mission

1) Octane No. without absolute alcohol
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Table 7.3.3 Capacity of Process Unit for Case-2

Process Unit

Capacity {BPSD)

. Crude Dist_illaﬁon Unit

b

. Vacuum Distillation Unit

. -Naphtha Hydrotreating Unit

W N

. Catalytic Reforming Unit

. Hy‘droc%ac.king Unit

(4]

. Hydrogén Plant

. Gas Recovery Unit

@ o~

19,000
5,900
2,200
2,200
4,900
4.5 MMSCFD
1,100
10 Ton/hr”

. Sour Waler Stripper

Source: JICA Mission
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~ Table7.3-4 Tank List for Case-2 .

Existing Tanks Total Additional | New Tanks
Crude/Product Item No, .. | Capacity | Requirement | Requirement | capanity _
(Do} (Ke) {K®) (K ey | TYPe
1. Crude Tank 901,902,917 | 62,900 | 167,700 104,800 - [50,000 x FR |
2. Product Tank
(1) LPG 916, 919, 920, 300 7000 .| 6200 |2,000x3 SPH
j 924, 925 © | 1,000 x1| SPH
{2) Regular Gasoline 90?7, 922 8,900 8,700 — -
{3) Premium Gasoline ' 804, 905 2,780 3,000 - —
{4) Aviation Gasoline 903, 918 1,380 1,200 — -
(5) Kerosene 013 1,400 1,000 - -
(6) Jot Fuet 006,609,810 | 4430 6,400 1,870 | 2,000x1| CR
{7) GasoOil 978, 929, ES-2 | 40400 35,600 - | -
{8) Fuel Oit 912, 1,680 3,700 2,020 | 2,000 x1 CRH
ES-1 12,400
{9) Asphalt 935, 936, 937 1,230 3,400 2,170 | 2,000x1] CRH
{10) Alcoho! 914 1,680 800 - -
3. Intermediate Tank
(1) SR Light Naphtha 915 815 800 - -
{2) SR Heavy Naphtha 921 2,400 2,400 - —
{3) Reformate 908 2,500 1,900 — -
{4} HCR Light Naphtha - - 400 400 | 1,000x1 FR
(5} HCR Heavy Naphtha - - 500 500 1,000 x1 FR
{6} SR Kerosene a23 6,400 3,400 — —
(7} SR Gas Oil 926 14,500 6,300 - -
{8} HCR Gas Oil 927 14,500 3,100 — -
{9} Vacuum Residue 911 1,680 1,100 — - N

Source: JICA Mission

Note

Cone Roof Tank with heating

SPH: Spherical Tank

CR: Cone Roof Tank
CRH:

FR:  Floating Roof Tank

7-20




{a} Receipt of Crude Oil Imported from Nigeria

The following conditions are assumed: -

(i) .

(i)

(iii)

(iv)

| (v}

The volume of crude oil to be imported from Nigeria per month is supposed to
be 83,100 ke, on the basis of the annual import volume of 996,800 k? in the
year 2000 as per Fig. 6.3-2,

_The loading ‘capacity of eachi barge to be used for transporting the crude oil

imported will be 4,000 k¢, being equivalent to the capacity of COPEX’s barge.

The 'capacity of the pump for unloading crude oil will be 400 k¢ Jhr, as it is.

The daily working hours will be 24,

The wharf occupancy rate is estimated as follows, on the basis of the above

conditions:

The number of barges required for transporting the volume of crude oil

imported per month:
(83,100 k2)/(4,000 k2) = 21 -

Time requiréd for unloading one barge:
(4,000 ke /(400 ke ) = 10 hours

Time for one barge to occupy one of the existing wharfs is supposed o be

16 hours, on the assumption that 6 hours will be required in addition to the

. above unloading hours.

The occupancy time of one wharf per month:
(16 hours/barge) x (21 barges)/2 = 168 hours
= 7.0 days

_ Therefore, the wharf occupancy rate;

[(7.0 days)/(30 days)] x 100 = 23%
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(b) Receipt of Imported Asphalt and Shlppmg of Fuel Oit.

As clearly seen in Fig, 6. 3-2 the total of the volume of imported asphalt 'md
fuet oil shipped in the year 2000 accounts for only 6% of the crude oil imports,
ivllicll-is' a very small figure. Accordingly, it is estimated that the total wharf

. '6'ccup’ai1cy rate in the case where the volumes of the asphalt rebeived_ and fuel oil
shipped are combined with the volume of the crude oil imported will definitely be
below 60%, because the wharf occupancy rate for imported crude éil is only 23%.

Therefore, the capacity of the existing two wharfs -\ﬁll be sufficient.

(5) Land Shipping Facilities _ _
The operating rate of the land shipping facilities for the year 2000 is estimated as g
follows, to judge whether or not their capacity will be enough for the year 2000,
The foltowing conditions are assumed: _

The daily product shipping volume will be calculated on the basis of the annual |
shippihg volume in the year 2000 as per Fig. 6.3-2, on the assumption that products will
be shipped for 22 days/month. _

| Thé Sther conditions will be the same as in Section 7.2.1-(5).
Table 7.3-5 shows the operating rate of the shipping acilities which is estimated in
the same calculation procedure as in Section 7.2.1(5). '
As the capacity of the shipping facilities for products othier than gas oil and LPG is
below 61%, the existing shipping facilities can be used in the year 2600.
On the other hand, the estimated operating rates for gas oil and LPG are 137% and

130%, respectively, both considerably exceeding 60%.

In the case of gas oil, in order to reduce the operating rate to around 60%, a total of
13 loading arms with a shipping capacity of 60 ke /hr each will be required. This means
that as the existing six loading arms with such a capacity each are available, seven more
loading arms with 60 ke /hr each will be needed. ' o '

With regard to LPG, in order to reduce the operating rate to about 60%, a total of
two loading arms with a capacity’ of 20 k& /tir each will be necessary. As the existing one
loaditlg arm with such a capacity is available, one more loading arm at 20 ke /hr must
be added. _

As for asphalt, the refinery is to be -equipped with a shipping facility. with enough

capacity to meet the shipping volume of asphait for the year 2000.

(6) Waste Water Treating Facilities

Waste water from the refinery is treated being separated as process, oily and clean
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waste water. The process waste water is treated by a sour water stripper, and then treated

together with oily waste water in a new oil separator,

Blow-down from cooling water and clean drain such as rain water not including oil,

etc., are discharged along with the above treated waste water.

Other Auxiliary Facilities

The following auxiliary facilities will be additionally installed:
Flare System |

Firefighting Facility

Control Room

Building

Summary of Project Implementation Plan

(a)

(b}

(<)

(d)

Required area _ _
The required area for the major facilities added is as follows:

- Process unitsfutility facilities: 20,000 m?* o

. Sforage facilities/land shipping faciliﬁés:' '50,000':711'2 _
It is believed that these facilities can be constructed within thé site of the

existing refinery,

Construction Period
The refinery is supposed to be constructed in 30 months between July 1989
and December 1991,

Manning Plan _

Fig. 7.3-1 shows the organization and the number of personnel required for the
operation of the refinery. _

The organization of the refinery consists of 2 proéluc"cion department, technical
department, maintenancé department and general affairs department. The total
number of personnel required at the refinery will be 383, The number of the
personnel required in the Catera Cue Product Storage Terminal will be four, being
equivalent to that now available.

Personnel Training Program

As the secondary processing units not provided in the existing refinery will be

installed in the new refinery, pertinent personnel must be trained to ensure the
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b

smooth operation of the refinery after start-up. Table 7.3-0 shows the number of

trainees and the fraining peridd required' pﬁor to the operation of the refinery.

Table 7.3-6 Trainees for Case-2

Class of Trainee N‘;’r"at’:;e"’ | Training Training‘Pléce_
1. Proci_ﬁction Debartment .
{1) Foreman of Process Section _ 24 6 Foreign Refinery .
. .6 Plant Site
{2) Foreman of Utitity and Oil Handling Section g 12 6 P|5n; Site :g
{3} Chiet Operator 22 12 Foreign Refinery .
{4} Operator | a 76 6 Plant Site
2. Technical Department l
(1.) Chief Tester of Laboratery Section 4 6 Foreign Refinery
3. Maintenance Department .
{1} .Foreman 5 6 | Foreign Refinery
{2) Technician s | 6 Plant Site
Total _ 190

Source: JICA Mission

7.3.2 Zarate Gil Terminal

For Case-2, the Zarate Oil Terminal is supposed to be used for transshipping crude oil

imported from Nigeria. In othér words, such crude ofl will be received into the crude oil tanks
in the terminal from ocean tankers (and also from small tankers of light draft concurrently
used), and loaded into barges for river transportation. ' '

The capacity of the existing tanks at the Zarate Oil Términal will be sufficient, if ocean
tankers to be used have the same capacity as that of the fankers used at present.

The occup_audy rate of the existing jetties is estimated in order to see whether or not their

capacity will be sutficient,

(1) Receipt of Imported Crude Oil

The following conditions are assumed:
'(i) The monthly estimated volume of crude oil imported from Nigeria is 83,100 kg. g
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(i)

(i)

(iv)

The loading capacity of each ocean tanker to be used for transporting imported

crude oil will be 60,000 ke, same as at present.

The existing pump (capacity: 1,000 ke /hir) will be used to unload crude oil, same as

at present,

Daily working hours will be 24 hours, on the basis of the supposed present situation.

‘ The occupancy rate of the jetties is calculated as follows:
The number of 60,000 k? tankers required to transport the monthly volume of

~ crude oil'imp_orted:

(83,100 K /(60,000 ke ) = 1.4
Time for unloadin.g the volume of crude oil imported once (60,000 k9):
{60,000 ke)/(1,000 k¢ /hr) = 60 hours
The occupancy - time of the jetties required to unload one crude oil import
consignment is estimated at 70 hours on the assumption that ten hours will be
required in addition to the above 60 hours required for unloading.
- The ocoupancy time of the jetties required to receive the monthly volume of
imported crude oii :
(70 housrs) x 1.4 = 98 hours
' =41 days

The occupancy rate of the jetties:
[(4.1 days)/(30 days}] x 100 = 14%

2) Loadiﬁg of Imported Crude Qil

()

(i)

i)

The foltowing conditions are assumed:

The monthty volume of the crude oil ifnportéd will be 83,100 ke .

The loading capacity of each barge to be used to {ransport the imported crude oil
will be 4,000 kR, which is equivalent to that of the respective existing barges owned
by COPEX, ' '

The existing pump with a capacity of 1,000 ke /hr will be used to load crude oil,

‘same as at present.
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(iv} Daily working hours will be 24 horus, = _
The occupancy rate of the jetties is estima't_e'd as follows: _ _
The number of barges required to transport the monthly volume of imported
-~ crude oil: o '
(83,100 k€ )/(4,000 k8) = 21 barges
‘Required time for loading crude oil into one barge:
(4.000k2)/(1 000 ke /hr) = 4 hours )

Jetty occupancy time for one barge is supposed to be 10 hours, on the assump-
tion ‘that six hours will be required in addition to the above 4 hours for loading

crde oil,

The cccupancy time of jetties per month:
{10 hours/barge) x (21 barges) = 210 hours
= 8.8 days

The occupancy rate of the jetties:.
[(8.8 days)/(30 days)} x 100 =29%

{3) Conclusion
The estimated occupancy rate of the jetties to be used to receive and load imported
crude oil t.otals 43%, which is below 60%.
Accordingly, it is estimated that the capacity of the two exisiting jettics is enough,

and the existing Zarate Oil Terminal will be usable for the year 2000, -

7.3.3 Hernandarias Oil Depot
(1) Land Receiving Facilities _ .
The operating rate of the existing land receiving facilities is estimated as foltows,

assuming that they will be used under the present conditions.

The foliowing conditions are assumed;

(i) The daily volume of refined petroleum products received into the Hérnandarias
Depot is calculated, on the basis of the annual shipping volume of petroleum

products in the year 2000 as per Fig. 6.3-2, and on the assumption that they _wili be

shipped for 22 days per month. As a result, the receiving and shipping volume per
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day is the same as Case-1.

T @)  All'amounts of the products will be fransferred from the Villa Elisa Refinery, and

each capacity of the tank-trucks to be used wilt be 14 kg.
(iit}  An outline of the existing shipping facilities are as per foregoing 7.2.2,

(iv) Time for unloading petroleum produts using one 14 kR tank-fruck is assumed to be
27 minutes (transfer time of 19 minutes into the storage tanks plus other required

time of 8 minutes).

The operating rate of the land receiving facilities is calculated as follows:
The daily capacity of the land receiving facilities is expressed in the following

equation:

(14 k@) x (480 minutes/27 minutes) x (number of loading pumps with a capacity of 45
ke fhr) '

Therefore, regarding regular gasoline, the daily capacity of the land receiving facility:
(14 k) x (480 minutes/27 minutes) x 0.5 = 125 ke/day

Accordingly, the operating rate of the above receiving facilities is:

[(178 ke/day)/(125 ke /day)} x 100 = 142%
As for gas oil, on the other hand, the daily capacity of the land receiving facility:
(14 ke ) x (480 minutes/27 minutes) x 1.5 = 374 k¢ /day

Therefore, the operating rate of the receiving facilities is as follows, based on the

daily shipping volume of 711 k¢ /day:
(711 ke /day)/(374 k2 /day)} x 100 = 190%

Thus, it is estimated that the operating rate of the receiving facilities for both types
of products will considerably exceed 60%.
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As a measure, in the .case of) regular gasoline, one existing receiving faCility (capacity:

45 k&/hr) used concurrently for both iegul’zﬁ gasoline and gas oil should be used only for

_ regular gasoline. With such a cinnge the operating rate will fall toa to!erdble vaiuc of 7t%.
Concerning gas oil, on the other hdnd in order: to reduce the operatmg rate, a total

of five receiving facilities with a capacity of 45 k¢ /day ¢ach will be required. This means
thﬁt four- more receiving: facilities cach with the same capacity as the above will be

needed. .
As for premium gasoline, one receiving facility with a capacity of 45 ke /day will be

newly installed.

(2) Other Facitities . . & |
The land shipping facilities, storage tanks and other necessary facilities will be the

same as for Case-1.

7.4 Supply Facilities for Case-3
7.4.1 - Viila Elisa Refinery -
This Section summarizes the facility plans at the Villa Elisa Refinery and also the associ-

ated project implementation plan for Case-3.

{1} Process Units
As mentioned in Section 6.2.2, the flow scheme of the refinery for Case-3 features
the introduction of a naphtha reformer, which allows premium gasoline to be produced.

Also, the capacity of the existing crude distillation unit will be expanded to 10,000

BPSD, and the operation of the existing jet fuel treating unit will be continued. Table
7.4-1 shows the throughput rate of crude oil and the production rates of products, and
Table 7.4-2 shows the capacity of the process units,

The octane number of regular pasoline will be 81 before bemg b]cnded with alcohol
and before leaded, and that of premium gasoline will be 93 before being leaded. The
properties of the other products are the same as at'.pres'ent.

The overhead section of theé main’ distilfation column and the trays in the naphtha
d]smlation section of this column will be rcvamped and 3 gas 011 smpper newly installed,

in order to increase the capacity of the existing crude dlsh!latlon unit to 10,000 BPSD.

(a) Revamping of Overhead Section of Main Distiliation Column

The following two measures can be taken to cope with the increase in the heat .

duties in the overhead section of the main distillation column,
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(i) A large-capacity heat exchanger instead of the existing overhead exchanger will
be installed.

(i) A new external reflux system will be adopted.

In this seciton, an external reflux system is adopted.

In the exterhal reflux system, trays for heat exchange will be required. It is
difficuit Ito install such trays in the overhead section of the existing main distillation
éoiumn, however. It is realistic to install a new column equipped with these trays,

and to introduce overhead vapor into this column (Refer to Fig. 7.4-1).

?; The size of the above column is as follows:
Column diameter: 3,000 mm
Nﬁmber of trays: 4 (sieve tray)
Column material; Monel clad
_ T ray material: ' Monel
Table 7.4-1 Crude and Product for Case-3
BpSD 1) K&y
1. Saharan Blend 8,400 ' 440,700
Cruds Ot
2. Produc_t
? {1} LPG 340 17,800
{2} Regular Gasoline 980 51,400
— Gasoline | {920) (48,400)
— Absolute Alcohol (60) {3,000
" {3) .P'rernium Gasoline 1,230 64,400
{4) Aviation Gasoline a 0 0
{6} Kerosene : 4] ’ 0
{6) Jet Fuet G670 35,200
{7} Gas Ol ' 4,050 ' 212,500
{8) Fuel On . 830 43,300
{9} Asphalt 0 . 0

Squﬁ:e: JICA Mission
- 1} Annual operation days are assumed to be 330 days,

e
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Table 7.4-2 Capacity of Process Unit far Case-3

Process Unit : .Capacity (_BPSD]
1. Existing Crude Distillation Unit ' " Revamp to 10,000
2. Naphtha Hydrotreating Unit ' . 1,600
3. Catalytic Reforming Unit . . 1,600

Source: JICA Mission

An associated pump and heat exchanger will be required to constitute the external

reflux system,

(b) Tray in Naphtha Distillation Section (#8 - #13) of Main Distillation Column
If 10,000 BPSD crude oil is run in the existing main dié'ﬁl_iér_tibn column, the
capacity of the existiilg trays in the naphtha distillaifdn section will exceed the
maximum allowable througﬁput. Accordingly, these trays must be replaced by new

valve type 3-pass trays.

(¢) New Installation of Gas Oil Stripper
As described in Chapter 5, Section 5.1 300, th.e existing'ga’s ail stripper will not
be capable of fully stripping gas oil, because the capaciﬁf of th;a trays in the stripper
has exceeded their upper operating limit under the presen{ crude throughput
conditions. '
Accordingly, the new instatiation of a gas oil stripp_ér will be required to run
10,000 BPSD crude oil, and the diameter of the pipéiine around the above stripper

wilt also be changed. The size of the new stripper is as follows:

Column diameter: 1,000 mm
Number of trays: 6

Column length: 9,550 mm
Column material; ' Carbon stzel
Tray material; Stainless steel

(2y Utility Supply Facilities .
Steam, cooling water, and instriument and plant air will be supplied {from the existing
facilities. Electricity required in the refinery is about 5.2 x 106 kWh/Y, and a 250 kW
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Source J_lCA Mission

Fig.7.4-1 External Reflux System
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power receiving facility will be added. Also, a nitrogen supply facility will be newly.

installed, and fuel gas and fuel oil supply facilities will be expanded.

(3) Storage Facilities
The number of _néw tanks required is determined by the same method as for Case-2,
per Table 743, . - ‘

(4) Wharfs _ _
Wharfs will be used to receive crude oil imported from Algeria, petroleum products

imported from YPF, and to ship out fuel cil.

The occupancy rate of the existing two wharfs is estimated as follo'w's, to kniow whether

or nof their capaci'ty is enoﬁ:gh, if they are used for the above purposes.

{a) Reception of Crude O Imported

The following conditions are supposed:

(iy The nionthly volume of c¢rude oil imported from Algeria will be 36,700 k%, on
the basis of the annual import volume (440,700 k¢ ) as per Fig. 6.3-3. '
(i) The other conditions will be the same as in the case of crude oil imported from

Nigeria a’s‘per 7.3.1.

If the wharf occupancy rate is estimated by the same method as in 7.3.1, it

becomes 10%.

(b) Reception of Products lmported
The following conditions are assumed. _

The monthly volume of petroleum products to be imported from YPF is
estimated at 22,600 k¢, on the basis of the annual import volume {270,600 k¢)as
per Fig. 6.3-3. ‘ _

The other conditions will be the same as in the case of products imported from
YPF as per 7.2.1. .

If the wharf occupancy rate is estimated by the same method as in 7.2.1, it

becomes 15%.
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{c} Conclusion .

The wharf occupancy rate for receiving the crude oil imported from Algeria
and the pfodu’cts imported from YPF becomes a total of 25%. Accordingly, it is
estimated that the total whart occupnacy rate will be much smaller than 60%, even
if the éhipping volume of fuel oil is added to the above'receiving volume. Thus, the
existing two wharfs can be used for the year 2000.

T_a_ble 7.4-3 Tank List for Case-3
_ - Existing Tanks . fotal Additional New Tanks
§ .Crude/Product Jtem Mo. Capacity Requirement | Requirement | cynacity T
_ {D9-) (KR} (K2) (Ko} (ke | 'YP®
1. Crude Tank 1 001,002,017 | 62,900 | 111,800 48,900 50,000 x1| FR
2. Product Tank -
() LPG 916,919,920, ] 300.| 7,000 6,700 | 2,000 x3 SPH
924,925 ) 1,000 x4 SPH
{2) Regular Gasoline 907,921,922 11,300 17,500 6,200 | 6500x1| FR
3) Premium Gasoline | 904,905,908, |- 6,065 [ 7,500 ! 435 | 1500x1 FR
‘815 _
4) - Aviation Gasofine | 903, 918 1,380 1,200 - -
{5) Kerosene” 909, 913 3,050 2,600 - -~
{6} Jet Fusl 906, 910 ' 2,78'0' ’ 9,600 6,820 7;000 x1 CR
(7} Gas Oil 923, 926, 927, | 75,800 80,200 4,400 5000 x1 CR
. o 928, 929, £S.2.
g {8) Fuel Oil i . 911,912, ES-1.) 15,760 7,100 . .- —
(9) Asphait _ 935, 936, 937 1,230 - 3,400 2;170 2,000 x| CRH
(10) Aleohol | QM 1,680 800 | - -
3. Intermédiéle Tank
{1} SR Light Naphtha - - 600 600 | 1,000 x1 FR
(2) SR Heavy Nephtha - - 2,100 2,100 | 2000x) FR
{3) Reformate B |- 1,400 1400 | 1,500 x1 FR

Source: JICA Mission

Note

$PH: Spherical Tank

CR: Cone Roof Tank

CRH: Cone Roof Tank with heating
FR: Floating Roof Tank



(5) Land Shipping Facilities
The operating rate of the existing land shipping facilities is estimated as follows, to
see whether or not their capacity is sufficient, if they are used for the year 2000.

The following conditions are assumed:

() The daily shipping volume of products is calculated on the basis of the annual
shipping volume in the year 2000 per Fig. 6. 3.3, and assuming that they will be
shipped for 22-days per month.

(i) The other conditions are the same as per foregoing 7.2.1.

-The operatmg rate of the land s}uppmg facilities is estumated using the same calcula-
tion procedme as in the case of foregoing 7.2.1 (Refer to Table 7.4- 1.

As shown in Table 7.4-4, the operating rate of the land sh:pping facilifies for
products other than gas oil and LPG is below 61%. Accordingly, the existing land ship-
'ping. facilities can be used for the year 2000.

' The operating rate of the land shipping facilities for gas 011 and LPG is 92% and
E 130% respectweiy, thus consaderably exccedmg the adequate operatmg rate of 60%. In
order to reduce the operating rate to around 60%, nine loading arms with a shipping
capacity of 60 ke/hr eai:h will be required to ship gas oil. Since six loading arms with the
same capacity are now available, three loadmg arms wm be added.

Also, in order to reduce the operating r'lte of the LPG shipping fauhty to around

60%, two loading arms with a shipping capamty of 20 kQ/hr will be required. As one

loading arm with the same capacity now exists, one loading arm will be added.
Furthermore, the shipping facility which are capable of meeting the shipping volume
of asphalt for the year 2000 will be installed. E

{6) Wasie Water Treating Facilities _
Process waste water is treated along with oily waste water using a new oil separator,

and diluted with clean waste water, to be discharged subsequently,

(7} Other Auxiliary Facilities

The auxiliary facilities will be added as in the case of Case-2.
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(8) Summary of Project Implementation Plan
() Required Area o _
The area tequited for the major additional facilities is as follows:
- Process units/utility facilities: 8,000 m? o :
) Storage facilities/land shipping facilities: 55,000 m*

It is considered that these facilities could be construcied in the existfng refinery site,

(b} Construction Period _
. The refinery will be constructed in 24 months, between fanuary, 1990 and
December, 1991. '

{¢) Manning Plan
Fig. 7.4-2 shows' the organization and the number of personnel requfred for the
operation of the refinery. _ ' ' _
The organization at the refinery will be the same as for Case-2, and the person-
nel reéquired number 314, The required number of personnel at the Calera Cue
Product Storage Terminal will be four, which is equivalent to that at presént_..

(d) Personnel Training Program .
As the training of the personnel engaged in the operation of the facilities is
required as in Case-2, Table 7.4-5 shows the number of trainees and also the training

period prior to the operation of the facilities.

7.4.2  Zarate Qil Terminal _
imported crude oil will be received from the tankers and toaded into barges at the Zarate

Qil Terminat, as in Case-2,

For Case-2, it is estimated that the occupancy rate of the existing jetties will be below -

60%. o o o _

Accordingly, for Case<3 where the volume of the crude dil imported is mhch smalier than that
for Case-2, the occupancy rate of the existing jetties will be below 60%, if the other conditions
are the same as for Case-2, Thus, the existing Zarate Oil Tefminal including the existing two

jetties will be used for the year 2000.
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Table 2.45  Trainees for Case-d

Class of Trainee N#?;?:;:f Il;;z:;:;:g Training Pl.ace
1. Production Departmen; : _
(1} Foreman of Process Section 8 6 Foreign'ﬁefin'er:y
: . i 6 Plant Site
(2} - Foreman of Utility .and Oif Handling Section 8 8 Plant Site
(3 Chi.ef-()perator ' 16 RS Fgre'igﬁ Refinery
{4) Operator ' 28 6 Plant Site
-2, Technical Depértment _ o _ _ _
{1} Chief Tester of Laboratory Section 4 : B | Foreign Refinery
3. Maintenange Depagtment -
{1) Foreman : 16 6 . .Fdr'eign Refinery
-{2} Technician _ - 29 . 6 Plant Si.te
Total . 104 ]

Sousge: JICA Mission

7.4.3 Hernandarias Depot
(1} Land Receiving Facilities _
The operating rate of the existing land receiving facilities is estimated as shown
below, when they are to be used as they are. :

The following conditions are assumed:

{iy The daily volume of petroleum products is estimated on the'.baéis of the annual
receiving volume in the year 2000 as shown in Fig. 6.3-3, assuming that such
products will be received for 22 days per month. Both regular gasoline and gas oil
will be imported from PETROBRAS, and premium gaéoli'ne transferred from the
Villa Elisa Reﬁhery. Therefore, the results of the receiving facilities are the same as
per 7.2.2. In other words, the existing pump (45 ke /hr) used currently for regular
gasoline and gas oil will be used exclusively for receiving regular gasoline. Also three
receiving facilities with a receiving capacity of 45 k2 /iir each will be added to receive
£as oil. .

One receiving facility with a receiving capacity of 45 k#/hr wiil be newly installed to
receive premium gasoline.



(2) Other Facilities

The operating rates and required number of land shipping facilities, storage tanks

and other facilities are the same as Case-1.
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CHAPTER 8 EVALUATION

8.1 Study Method
8.1.1 Scope of the Study
Evaluations are made on the following three alternative future supply plans presented in
| Chapter 6 and Chapter 7 from both financial and economic viewpoints. '
Case-1: Operation of the existing refinery will ‘be shut-down and all the petroleum
pr_oducts; required will be imported. ' o
Case-2; The existing fefinery will be fully modernized to cover the demands for
petroleum products as far as possible, with the aim of minimizing products
E -~ import,
Case-3; The ex1stmg refinery will bb kept in operation w1th ‘some modification. The
products in short supply wﬂl be all imported to ﬂtlsfy the demands.

The supply of petroleum products consists of fwo phases, that is, 'primary supply
(domestic tefining and products _imp’ort)_ and domestic distribution, The major differences
among the altenvn'tive. sup'pl'y pians a'bove lie in the phase of pi‘i;ﬁary supplf and there is no
substantial difference in the domestic distribution. o
As described in (’hapter 6, PETROPAR is exclusively resp0n31ble for the primary suppiy of
petrolenm products in Paraguay, i.e., it owns and operates the Villa Elisa Refinery and the
_ Hemanda_riaé Depot to undertake such business activities as import and storage of crude oil
and petrole_uﬁ'n ‘products, petroleum refining, and'éhipp_ing (includihg transportation of some
. products between Villzi Flisa and Hernandarias) of refined and imported products. Accord-
% ingly, the differences among the alternative supply plahs aré basically witﬁixx the range of the
current business of PETROPAR. .
Conéequently, the following analysié. of cépital requirements, running costs, and revenues
will be done in li.ne with the current business activity of PETROPAR.

8.1.2 Viewpoints of the Study

The evaluation study is made from the following two viewpoints:

(1 Sﬁppiy Cost _
Which case is capable of supplying petrbieum products at the lowest cost over the
study iaétio'd? '
What is the difference in the supply costs among three cases of supply plans?
g Hq\x} does the supply cost of each case respond to the changes in the values of

major cost components?



2 Prof1tab1hty i
How is the proﬁtablhty achieved in each case of the supply plans7

How does the profitability of each case respond to the changes in_the vaines of.

revenue components?

~Prior to evaluations, values are:estimated for every component. which is involved in the

investrnent costs, running costs and revenues in each case of the supply plans, The estimation is
made on the current price basis based on the actual record. Then, indicators for the evaluation

are calculated by use of the data estimated as above,

8.1.3 l’roeedurc of the Study

In the first place, the financial cost of the primary supply of petroleum products'in cach
“case of the supply plans is examined by use of the average supply cost. (ASC) over the’ study
| period, _

Then sensitivity_:lnalysis is made to know how the ASC value responds to the changes in
‘major cost components, S | '

In order to examine the .profi'tability of each case, the ﬁnancial'intemal rate of retum
(F‘IRR) is calculated For this purpose, a Prof:t & Loss Table and a Funds Outlook are de—
veloped based on the data on cost components as’ aforement:oned as well as on the
ex-PETROPAR pnce of petroleum products under the current supply system.

The sensitivity of the FIRR to changes in ex- PETROPAR pnce of petroleum products is

alsa analyzed

As the last step of the evaluations, an cconomw evaluation 19 made in wh1eh necessaly

adjustments are made on the values of some cost components used in the financial evaluation.
The adjustments made are as follows:

- transfer items such as tax are exeluded from the cost components

- shadow exchange rate is applied to the foreign currency portzon of the cost components '

Average supply cost (ASC) and economie.internal rate of rcfllrn (EIRR) are cnlcuiatecl
and their sensitivity is analyzed in the same way as in the financial anainis .

Further, the net present value (NPV) is c1lculated for each case of the supply plans and
examined by the “With and Without Principle”.

In addition, foreign currency requirements and employment effect of the supply plans are

examined. o . o .
The formulas used in the calculation of various indicators for financial and economic

evaluations, as well as the mathematical symbols in the formulas, are presented in the follow-

ing:
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Mathematical Symbols

ASC: Average Supply Cost
IRR: : Intermi Rate of Return; FIRR (Financial Internal R‘ite of Retum) and EIRR
(Economic Internal Rate of Return) are explained in respective sections.”

NPV Net Present Value

i i-th Iyear of the study period
n: Study period in years
- Discount rate o
.}i: . Investment in i-th year (excluding interest during construction)
RCi: Running Cost in ‘i-th yéar (excluding depreciation cost and interest paid)
Qi: - Sales quantity of petroleum products in i-th year
CIFi: Cash inflow in i-th vear _
COFi: Cash outflow in i-th year (Cash inflow and cash 011ff10w arc explained in

respective sections.)

Evaluation Formulas

(1)

(2)

ASC (Average Supply Cost) _
ASC is the average supply cost per one unit quantity of petroleum products to

be supplied over the study period, and defined by the following formula:

Cpep (TR i=e (1)

therefore,

%I;+RC-, n O
C= T -
AS i=0 (1+r)’/i=0 {140

IRR (Internal Rate of Return) 7
IRR is the discount rate which makes the total sum of the present value of the net

cash flow equal to zero (0), and is given by the following formula:

o CIF; — COF,
Z ——— =0
=0 {14}

In the fi.nanbial énd econontic evaluations, FIRR and EIRR are used, respéctively.
Whereas the formula used is the same in both evaluations, definitions of CIFi and COFi
differ.

In Financial Evaluatlon (FIRR)

CIFi= Profit after tax but before depreciation and interest paid

COFi = Investment (excluding interest during cons_tructlon) Salvage Value
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In Economic Eva

rate.
CIFi = Profit before tax

luation (EIRR)

and before depreciation and interest paid

Meodifications are made on cost components related to the transfer items and exchange

COFi = Investment (excluding interest during construction) - Salvage Value

(3) NPV (Net Present Vatue)

NPV is the total sum of the present value of the net cash flow over the entire

study period when a specific discounf rate is applied, and is given by'the following

formula:

n CIF; — COF,

NPV = —

=0 (14}

8.1.4 Sensitivity Analysis

In the sensitivity analysis, the effect on each evaluation indicator of changes in cost and

revenue factors within the respective ranges is examined. ‘These factors are listed below with

respective ranges of chianges.

Financlal Evaluation

Evaluation indicator Factor Range
ASC — discount rate 10% ~ 20% .
—  plant construction cost +30%
~  import price of crude oil 120%
— import price of crude oil and pet'rol'eum products 220%
{assumed to change at the same rate simultaneously)
FIRR —  sales price of petrofeum products +30%
Economic Evaluation
Evaluation Indicator Factor Range
ASC - discount rate 10% ~ 20%
— plant construction cost A30%
— import price of crude oil +20%
— Import price of crude oil and petroleum products +20%
{assumed to change at the same rate simullangou_é:ly] .
EIRR — sales price of petreleum products +30%
NPV — discount rate 10% ~ 20%




8.2 Study Basis

8.2.1

Total Capital Requirements

Total capital requirements mean the total sum of the capital costs invested up to the

worki:

g capital.

time when the facilities start commercial operation, and are divided into fixed capital and

The total capital requirements for the fa'ciliﬁes for the future supply of petroleum

products in Paraguay, as described in Chapter 7, include the following capital costs;

Fixed Capital
- Plant construction costs

- Licensor’s costs

- Initial costs of catalysts and chemicals

- Pre-operation expenses

« Interest during construction period

Working Capital

- Inventories of crude oil and products

- Inventories of spare paris

- Inventories of catalysts and chemicals

The total capital requirements for each case of the future supply plans are shown in

Table 8.2-1 in terms of the Paraguayan currency, guaranis. The exchange rates used in the

conversion of foreign currency paymentis for estimating the total capital requirements are 400

Gs/UUSS for the FOB prices of the equipment and materiais and 900 Gs/US$ for the costs of

other services.

Table 82-1 Total Capital Requirement

AUnit: MMGs)
Item Case-1 Case-2 Case-3
1. Fixed Copital 15,283 . 95,033 31,436
2. Working Capital 12,260 16,660 14,180
Total 27,633 110,693 46,616

Sousce: JICA Mission
The portion of the fixed capital to be paid in foreign currency is given below in terms of

US$, with a separation of the FORB prices and the costs of other services.
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{Unit: MMUSS$)

Case

Foreign Portion

FOB Price Other Service Fotal -
Case—1 9.4 7.7 17.1
Case—2 66.6 67.8 ©124.4
Case~3 " - 173 20.1 37.4

Explanation of each item in the total capital requirements is given below.

(1) Fixed Capitdl

(a) Plant Construction Costs

The plant 001_13truction costs are estimaied on the following bases: '

- The costs include the construction costs.of the facilities in.the Produet Import

Terminal or Refinery at Villa Elisa and fh‘e Hernandarias Depot.

- The costs are as of early 1988 and future escalations are not taken into consider-
ation. '

- The costs include the equipment and material costs, freight costs, labor costs
and contractor’s expenses for engineering, project management snd other
services, but site preparation costs are excluded, It is assumed that the costs of
the equipments and materials would be entirely included in the foreign portion
and the costs of civil work and constraction of tanks and buildings would be

included in the local portion.

{b) Licensor’s Costs

The basic design fee and royalties are estimated as the licensor's costs.

(¢) Initial Costs of Catalysts and Chemicals
The initial costs of catalysts and chemicals, required at the start-up of the

facilities, are estimated and included in the tixed capital,

(d) Pre-operation Expenses

The pre-operation expenses include the training fee, administration costs and
start-up expenses. The personnel training costs consist of the salaries to be paid to
- the trainces and the direct expenses required for training during the:training period.

The administration costs inchide the salaries to be paid to the managers and staffs



(e)

employed prior to the start of commercial operation and the accompanying
indirect costs. The start-up expenses inctude the costs for test run instructors sent
by process licensor and the contractor and the costs of chemical and utilities

consumed during the test-run period.

Interest dusing Construct.ion Period

The interest paid duﬁng the construction period, which is incorporated into
the fixed capital, is estimated according to the fund arrangement 'plan described in
Section 8.2.2 and to the following yearly capital expenditures, which are

determined based on the construction schedule for each case described in Chapter

N

- Yearly disbursem'ents_ of the plant constrniiction costs and licensor’s costs are
to be paid based on the standard disbursement schedule.

- Initial costs of catalysts and chemicals are assumed to be paid just prior to the
start of commercial operation,

- Pre-operation expenses are assumed to be paid in the year preceding the start

of commercial operation.

(2) Working Capital

(a)

(b)

£c)

Invéntories of Crude Oil and Products

The average stock quantities of crude oil and products are calculated on an
assumption that crude oil and products would be in stock at 50% of the total tank
storage capacifies. The working capital for the oil inventories .is estimated by

multiplying the stock quantities by the unit cost of the imported crude oil and

products.

Inventory of Spare Parts - o
As inventory of spare parts, 3% of the equipment and material costs is added

to the working capital.
Inventory of Catalysts and Chemicals

As an inventory of catalysts and chemicals, the expenses required for one

year’s operation are added to the working capital,
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8.2.2 Revenues and Expenses _ _

'EXplanatio"ns dre given’ below on the method of éstiniatin_g the tevenue and expense
items which serve as the basis for financial and economic evaluations. And the estimated values
of these items are tabulated in a series of tables at the end of this sectioii.

It is assumed in this study that the new facilities for all three cases of supply plans
would be put into commercial operation in January, 1992, despite the expected difference
in the constfuction period of the facilities. And the stud'y' period is set forth as nine (9) years

- from January 1992, to 31 Decernber, 2000. o B
Further, it is also assumed that existing facilitics in the refinery and dei;ot would be

maintained in such a way that they can be operated throughout the study period. '

(1) Running Cost _
The following cost items which constitute the Tunning cost are calculated on the

' basié of actual records of PETROPAR in 1987 and early 1988.

- Crude oil cost

- Petroleum products import cost

- Alcohol cost

- Utilities cost (including catalysts & chemicals cost)
- Operating labor cost

- Administrative expenses

- Insurance cost

- Maintenance cost

- Local transportation cost

(a) Crude il Cost
For Case-2 and Case-3 where imported crude oil is refined, the crude oil cost
for each year of the study period is calculated by' multiplying the annuai crude
oil throughput by unit CIF price of the crude oil at ihe Villa Elisa Refinery. The
CIF price of the Bonny Light and Saharan Blend Crudes, which are assumed to be
used in Case-2 and Case-3, respectively, are set on the basis of the government sales

prices of respective crudes.
(b) Petroleum Products Inport Cost

Petroleum products import cost for each year of the study period is calculated

as a total sum of the import value ol each product imported in the year. The
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(c)

()

(e)

(t)

&)

(h}

import value of each product is calculated by multiplying the unit CIF price of the

-pr()dllct_ imported from either YPF or PETRORBRAS by annual import volume

from either of the two suppliers determined by the supply plan described in
Chapter 6. Unit CIF prices of imported products are based on the. actual import

records from the two suppliers.

“Alcohol Cost -

-~ The alcohol coét is the price paid for the absolute alcohol to be purchased

from APAL and mixed in the regular gasolihe.

- Utilities Cost (Inciuding Catalysts and Chemicals Cost)

Costs for electricity, fuel, catalysts and chemicals are regarded as constituting
the utilities cost. However, no fuel cost is included in Case-2 and Case-3, because
the fuel oil is to be self-supplied in these two cases. And no catalysts and chemicals
coét is included in Case-1, where all petroleum products required are to be import-
ed.

Operating Labor Cost

Operating labor cost is calculated on the basis of the number of employees
required. Fof this calculation, a labor cost of 445,000 Gs/man-month is adopted as
a unit cost, The number of employees required for cach case is as determined by

the manning plan described in Chapter 7.

Administrative Cost
' Administrative cost is assumed, on the basis of the actual record in 1987, to
be Gs 1,000 million per year, to which 1.7% of PETROPAR’s annual sales revenues

is added as stamp tax.

Insurance Cost and Maintenance Cost
Insurance cost and maintenance cost for newly installed facilities are assumed
to be 1% and 3%, respectively, of the plant construction costs. For existing

facilities, actual records of these two costs in 1987 are adopted.

Local Transportation Cost

Local transportation cost is the cost for transporting petroleum produ'cts from
the Villa Elisa Refinery to the Hernandarias Depot, and is calculated on the basis of
the results of the study described in Chapter 6.
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(2)

(3)

€y

(5)

Depreciation Cost
'Dépfeciéti'on' cost for the new facilities 'is‘ cé_lc_ul:gted by the straight line methc’ad.at
6% annually of the fixed capital, For éxi's_ﬁng facilities, depreciation cost is set on the
~basis of actual records in 1987,

Sales Reventies

PETROPAR’s shipping prices { or petroleum products in 987 are used to calculate
the sales revenues. Sales volume of each product in each year of the study period is'as
described in Chapter 6. |

Fund Arrangement Plan _ 3 _
All funds re_q_uired during the study period are assumed to be covered by loan in all
three cases. Accordingly, foreign and local currencies to meet the expenditures for the

fixed capital are to be covered by long-term loans under the conditions below.

Foreign Carrency

Interest rate: 9% annually
Principal repayment: 8 annual fixed installments after the start of commercial
operation

Local Currency

Interest rate: 17% annually
Principal repayment: 8 annual fixed installments after the start of commercial
operation.

And, funds required in case of a cash shortfall are to be covered by short-term loans

under the conditions below:

Interest rate: 8.25% snnually
Principal repayment: When funds are in excess
Tax

Transfer to the national treasury and the income tax are regarded as tax, and the

total tax rate is assumed to be 51% of the profit.

All detaited data concerning revenues, expenses and related items calculated on the
above basis are tabulated in the following tables. '
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All monetary figures are shown in terms of guaranis, the Paraguayan currency. And
in converting foreign currency into guaranis, a rate of Gs 400 per US dollar is applied to
the FOB price'portion, and Gs 900 'per'US dollar to other portion.

List of Tables
. _ Data Table number
- Payment schedule - Case-1 Table 8.2-2
' ' Case-2 Table 8.2-3
: _ Case-3 Table 8.2-4
- Depreciation cost = . _ Table 8.2-5
- Crude oil cost ' ' price Table 8.2-6
. quantity Table 8.2-7
- Petroleum products : '
import cost price ' Table 8.2-8
quantity Case-1 Table 8.2-9
' Case-2 Table 8,2-10
_ Case-3  Table 8.2-11
- Alcohol cost _ Table 8.2-12
- Electricity cost _ Table 8.2-13
- Fuel oil cost a Table 8.2-14
- Catalysts & chemicals Table 8.2-15
cost )
- Operating labor cost Table 8.2-16
- Administrative expenses Table 8.2-17
- Insurance cost Table 8.2-18
- Maintenance cost Table 8.2-19
- Local transportation cost ' Table 8.2-20
- Revenues price ~ Table 8.2-21
' quantity Table 8.2-22
- Loans and repayments Table 8.2-23
- Tax Table 8.2-24
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Table 8,2-2 Payma:n't Schedute in Case-1

- {Unit: MMGs)

item 1089 " 1980 1991 - Total
Fixed Capital 7 0 4125 11,168 15,263
{Foreign} | o . 3,099 7,600 10,609
{Local), 0 1,026 3,558 - 4,584
Working Capital? 0 0 12,250 12,260
{Foreign} 0 ) ] 12,100 12,100
{Local) . 0 -0 150 . .1500 g
Total - 0 4126 23,408 27,533
(Foreign} 0 3,099 19,700 o 22,700
- {Local} 0o -1,026 3,708 4,734

Source: JICA Missien
1) Fixed Capital includes foltowing items.
* Plant Construction Cost
+ {_censot's Cost
+ Initial Catalists & Chem'icals )
« Pre-Operational Expense
» Interest during Construction Period _
2} Working Capital inctudes following items.’
» Qil Inventory
* Spare Parts
« Catalists & Chemicals
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Table 8.2-3 Payment Schedule in Case2

(Unit: MMGs)
ltem : 1989 1990 1991 Total
Fixed Capital gl - 8,221 33,700 53,112 95,033
*{Foreign) 7,267 29,722 46,694 83,683
* (Local) ~ 54 3,978 6,418 11,350
Working Capital ¥ D 0 15,660 16,660
‘{Foreign} ' ¢ 0 14,340 14,340
© {Local}) 0 0 1,320 1,320
Total : 8,221 33,700 68,772 110,693
{Foreign} i 7,267 20,722 61,034 98,023
{Local} 054 3,978 7,738 12,670

Source: JICA Mission
1} Fixed Capital includes following items.
* Plant Construction Cost
* Licensor's Cost
* Initial Catalists & Chemicals
* Pre-Operational Expense

"« Interest during Construction Period
2) Waorking Capital includes following items.

* Gl Inventory
* Spare Parts
* Catalists & Chemicals



Table 8.2.4 Payment Schedule in Case-3

{Unit: MMGs}

Hem | 1es9 . 1990 - 1991 Total
Fixed Capital V! 0 - 10,516 20,920 31,436
{Foreign} 0 8,392 16,663 25,045
- {Local) .0 S 2,124 4,267 - . 6,391
Working Capital 2} .0 -0 14,180 14,180
;- {Forelgn) : 0 0 13,080 13,080
- ALocal} . 0 0 1,100 - 1,100
Total . .. D - 10,516 35,100 45,616
- {Foreign) 0 - 8,392 29,733 38,1286
- {Local) o 0 2,124 5,367 7,491
Source: JICA Mission
1) Fixed Capital includes foltowing items.
* Plant Construction Cost
+ Licensor's Cost
* Initial Catalists & Chemicals
* Pre-Operationat Expense
+ Interest'during Construction Period
"~ 2)  Working Capital includes following items.
* Oil lnventory
+ Spare Parts
* Catalists & Chemicals
Tabie 8.2-6 Depreaciation
ftem o Method Salvage Value Start Year
New Facility 6% of Investment straight-line 20% 1892
Existing Facitity 30 MMGs of Straight-tine 20% 1882

Source: RESOLUCION G-No.34
JICA Mission
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Teble 8.2.6 Import Price of Crude Oil

(Unit: Gs/K®)

Item

Case-1

Cage-2

Case-3

Irnport Price of Crude Oil

110,200
(17,500 Gs/BRL}

110,800
{17,600 Gs/BBL)

Sowice: PETROPAR

JICA Mission
Table 8.27 Throughput of Crude Oil
' {Unit: KO/Y)

Year’ Case-1 Case-2 Case-3

1992 s 707,900 323,200
1993 -— 744,000 335,300
1994 — 780,100 347,800
1095 P 815,400 360,500
1998 — _ 849,500 375,600
1997 — 884,300 390,300
19938 _ 920,600 407,000
1999 R 957,800 423,500
2000 — 996,800 440,700

Source: JICA Mission

Table 8.2-8 )mport Price of Petroleum Products

{Unit: Gs/KQ)

Petroleum Products - Import Price
LPG 70,100
Regular Gasoline 92,700
" Premium Gasoline 97,100
Aviation Gasoline 213,200
Kerosene 98,000
Jet Fuel 98,000
Gas Qil 95,500
Fuel Qit 86,200
Asphalt 111,600
Source: PETROPAR

- JICA Mission
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Tahle 8.2-12 Alcohol Cost

Year Price (Unit: Gs/KR) Quantity (Unit: K/Y)

1992 222,000 2,800

1093 222,000 2,900

1094 222,000 2,900

1085 222,000 3,000

1996 222,000 3,000

1997 222,000 3,000

1998 222,000 3,000

1999 222,000 3,000

2000 222,000 3,000
Source: PETRQPAR

JICA Mission

Table 8.2-3 Electricity Cost
item Case-1 Case-2 Case-3

Potential reserve Kw  (Unit: Kw) - 550 3,150 800
Consurption Kw (Unit: Kw/Y) 3.3 x 10% 23.9 x 10° 53x10°

Source: JICA Mission

.1} Operating Rate = 100%

2} Electricity cost = 2,504 Gs/Kw/Y x (Potential reserve Kw} + 6.42 Gs/Kw x (Consumption Kw)

Table 8,2-14 Fue! Oil Cost

{tem

Quantity (Unit: KQI_Y).'

Price {Unit: Gs/K%)
Case-1

Case-2 Case-3

Fuel O

86,200 3,200

Source: PETROPAR
JICA Mission

1} Operating rate = 100%
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Table 8.2-15 Catalists & Chemicals Cost

{Unit: MMGs/Y)

ttem ‘ Case-1 Case-? Case-3

Catalists & Chemicals _ 1,080 250

Source: JICA Mission
-~ 1} Operating rate = 100%

Table 8.2-16 Operating Labor Cost ' : . g

Average Wage Rate Quantity {person)

{Unit: Gs/Parson+Month)

ltern
Case-1 Case-2 Case-3

Labor 445,000 244 393 324

Source: JICA Mission
1) Average Wage Rate includes social welfare cost.

Table 8.2-17 Administrative Expense

{Unit: MMGS}'Y)

Item Case-1 : Case-2 Case-3
Administrative expense 1,000 1,000 1,000
Stamp Tax Revenue x 0.017

Source: PETROPAR

JICA Mission
Table 8.2-18 Insurance Cost
{Unit: MMGs/Y)
ttem Case-1 Case-2 Case-3
New Facility Plant Construction Cost x 0.04
Existing Facility 74 74 4
Source: JICA Mission - ‘g
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Table 8.2-18 Maintenance Cost

(Unit: MMGs/Y)

Item

Case-1 Case-2 Case-3

New Facility

~ Existing Facility

Plant Construction Cost x 0.03

40 40 10

Source: JICA Mission

Table 8.2-20 Local Trénsportatian Cost

E Vear Pﬁ_ce _ Quantity (Unit: K/Y)
4 {Unit: Gs/KE) Case-1 Case-2 Case-3
1992 12,000 0 143,800 7,900
1993 12,000 0 150,400 8,300
1994 12,000 0 174,200 8,700
1995 12,000 0 188,200 9,100
1996 12,000 0 199,200 9,700
1997 12,000 0 210,400 10,300
1598 12,000 0 222,400 10,900
1999 12,000 0 234,000 11,500
2000 12,000 0 246,800 12,200

Source: PETROPAR

JICA Mission
Tahle 8.2-21 Sales Price of Petroleum Products
{Unit: Gs/KQ)

Item Sales Price
LPG 86,900
Regular Gasoline 133,100
Pramium Gasoline - 159,600
Aviation Gasoline 273,500
Kerosene 162,300
Jet Fuel 170,100
Gas Qil 124,900
Fuel Qit 87,700
Asphalt 116,700

Source: PETROPAR

JICA Mission .
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Table 8.2.23 Loans and Repayments

Long-Tarm Loan

“{tem

Foreign Portion

t.ocat Portion

Short-Term Loan

Interest rate
Loan
Refund

Debt loan time
Debt refund time

9% per anaum 1)
During construction

8 annum fixed installe-
ments after ope. start

The end of the Y.e.ar
The end of the year

17% per annum
During construction

8 anpum fixed installe-

ments after ape, start,

The end of the \}ear .
The end of the year

8.25% per annum
After ope: start

When funds dre in excess

The end of the yeaf
The end of the year

Source: JE_CA Miss_ion

1) Averaged LIBOR at around the end of 1987 + 1%

Table 8.2-24 TAX

item

Taxation System

Transfer to

the National Treasury

‘income Tax

Profit x 0.3

_ Taxable Income x 0.3

Total

Profit x .61

Source: Ley No. 1182 Art, 43

1} Taxable Income = Profit - Transfer to the National Treasury
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83 Financial Evalnation
8.3.1 Supply Cost _ _ _ .
Suppiy costs of petroléeum products in e’xch of the three altemative cases of future
sipply plans are compﬂred in telms of average supply cost’ (AS(‘) ASC is an md:cator wlnch
shows ‘the supply cost averaged over a number of yeala of the study perlod by use of a dls—
cqunt mte, and is expressed as the cost per unit quantaty of petroleum products.
ASC values in three alternative cases, with a discount rate of: lS%appliéd are shown as -
base cases in Table 8.3-1. Also shown are the results of a sensuwlty analysis in which the

effects of changes in various factors on ASC values arc e“mmed

Table 8.3-1 The Resuits of ASC {Financial} e
'  {Unit: Gs/R)

Case Case-1 " Case-2 Case3
Base Case (Discount Rate = 15%) 106 151 118
Sensitivity Analysis _
-~ Discount Rate 10% 104 144 17
20% 107 158 - 122
- Plant Construction Cost | 30% Down | 104 145 117
30% Up 106 188 121
— import Price of Crude Oil | 20% Down 105 130 110
20% Up 105 172 © 128
— lImport Price of Crude Oil | 20% Down 87 128 948
end Petroleum Products 20% Up 124 173 140

Source: JICA Mission

(1) Comparison of Alternative Cases (Base Case) _

Among the three alternative cases, Case-1 gives the ldwest ASC value of 105 Gs/X.
The next lowest is 119 Gs/# of Case-3, and the ASC value of Case-2 is the highest, 151
Gsfe. Differences between the ASC value of Case-1 and the values of Cases-2 and -3 aré
46 Gs/? and 14 Gs{®, respectively, indicating that the higher the dependence'on product
imports {dependence on domestic refining is loive_:r), the lower the ASC value. This is
caused .by the fact that import price of crude oil (refer to Table 8.2-6) is higher than
that of almost all kinds of imported products {refer to Table 8.2-8). '
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(2

The portions"of maj_or cost components which constitute the ASC value of each

- case are sitde in Fig 8.3-1. As clearly shown in- theSe figures, 88% of ASC in Case-1 is
‘the cost of lmported products fmd the rat¢ of investment-related cost is only 5%

" Case-2, on the other hzmd the ratc, of cmde oil cost is as low as 69% and that of invest-

ment-related cost is 16%. And this case has a cost element of local transportation which
accounts for 2% of :'th'e ASC valve. In Case-3, cost of imported products and that of
(,rude oil captures 46% and 39%, rcépe'ctiv’ély; totaling at 85% of the ASC value. The rate
of mvestment-rclatcd cost is about 8%. It can be said that Case-2 requires, in addition to
the local transportatlon cost, a highel mveqtment cost than other two cases do, in order
to satisfy the domestic demand for petroleum products by the domestically refined

products as far as possible. This is a cause of the higher ASC value in this case compared

with other cases.

Sensltmty Analysis _ _
The ‘;ensnwﬂy analysis has exammed effects of independent changes in discount

rate, pldnt construction cosis, and crude oil price, and simultaneous changes in prices of

crude 011 and 1mported products al the same rate, on the ASC values of the alternative
C45es, as shown in Table 8.3-1. The ree.utts of the sensitivity analysis are given below.
(a) Discount Rate ' _

As shown in Fig. 8.3- 2 a hlgher dlscount rate gives a higher ASC value.
Especially, Case.‘z is more sensitive to the change in the discount rate than two other
cases. A change of discount rate by 1% cause a change in ASC value at arate of more
than. 1 Gsff. This is because the amount of capital investments in the carly years of

the study period is larger in Case-2 than two other cases.

(b) Plant Constmction Cost’

As shown in Fig. 8.3-3, the effects of change in the plant construction cost are
also most noticeable in Case-2. If the plant constructlon cost declines by 30%, the
ASC value decreases from 151 Gs/R in the base case to 145 Gs/R. In contrast, in
Case-1 and Case-3, ASC values are not so sensitive._This is caused by the fact that
cost items related to the plant cbnstruction cost.(dépreciation and intérest) cover a
larger portion of ASC value in Case-2 than two other céses.

Nevertheless, even if the plant construction cost should decline by 30%, the

ASC value of Case-2 would not be lower than the other {wo cases.
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(c)

(d}

lmport Price of Crude Oil

As shown in Fig. 8.34, ASC values in Case-2 and Case-3 decre'lse re,m"lrkably if
the import prlce of crude oil declines. The effect is part_aculariy strong in Case-2 in
which a 20% decrease in the‘._crude oil price resultsin a decline of ASC value by more

~than 20 Gs/¢ from that 'b_f the base case. This is because the proporﬁon of crudé‘ oil

price in the ASC value in Casc-2 is as high as 69%. Case-1 is not affected by the

crude oil price, naturally, since its ASC value has no component related to the crude

oil price. The rate of crude oil price in the ASC value of Case-3 is 39%,'511(1 the 20% .

decrease in the crude oil results in 2 9 Gs/® decline in the ASC value in this case.

It is supposed from the abové observations that the crude oil prices in Case-2
ahd Case-3 need to be decreased by more than 40% and about 30%; respectivély, in
order for these two cases to supply petroleum products at about the same ASC

value as Case-1.

Import Price of Crude Gil and Petroleum Products

ASC values in all three cases change drastically with the simultaneous changes .

of the same rate in import prices of crude oil and petroleum products, as shown in
Fig. 8.3-5. Change by 1% in crude oil and product prices results in a 1 Gs/R change
in ASC value.

Prohtdblhty
Profit & Loss and Funds Qutlook tables are prepared (refer to Appendu-. 8) based on the

sales prices of petroleum products by PETROPAR in 1987, and the financial internal rate of
return (FIRR) is calculated in order to examine the profitability of each of the three

alternative cases. The results are shown in Table 8.3-2.

Table 8.3-2 The Results of FIRN

{Unit: %)

ltem Case-1 Case. 2 Case-3

FIRR : . 42 : ~7 18
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While FIRR value is 42% in Case-1 and 18% in Case-3, Case-2 gives a negative FIRR value
of minus 7%. This result is as expected from the examination of ASC values. That is, the lower

the degree of dependence on domestic refining, the higher the pr(')ﬁtabdzfy

Of the three altematwe cases, FIRR value in Case-3, 18%, is “close to IS% which is’

generally reg'u'ded as an acceptable FIRR value for pleectS related to petroleum reﬁmng This

could be interpreted to mean as follows The supply system of petroleum products in Casc 3is

similar to the current supply system and the import cqsts and shipping prices of petroleum
products used in the calculatibn of FIRR are set approximately at the ctu'relﬁ level. On the
other hand, FIRR Qalues for Case-l and Case-3 reflect the fact that cost/price structures used
in the calculation of FIRR for the respective cases are quite different from the current costf
price system. _ _ _ _

Next, the effects of changes in the sales price of petroleum products on the profitability
is examined in a sensitivity analysis. The i‘esult is shown in Fig. 8.3-6.

As seeﬁ from the figure, while FIRR values are quite sensitive to sales price in all threé
cases, the effects are e‘;pecmlly rundrkdble in Case- 1 and Case-3. A 1% rise in sales price
increases the FIRR value in both Case-1 and Case-3 by about 1. 5% but in Case-2 by only
about 1%. This is because in Case-2, the large amount of cash outflow for investment in the
carly project stage offsets the effects on the proﬁtability caused by the rise in the sales price,
although the increased cash inflow is equal in all three cases. '

If an FIRR value of around 8% is to be attained, as is in Case-3 whlch is regarded as
similar to the current supply system as discussed earlier, the product sales price in Case-1
would be reduced by around 15% from the base case, whereas the prodixct sales price in Case-2
should be raised by about 30%. . . '
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8.4 Economic Evaluation
In order to make an economic evaluation, the following adjustments are applied to the

- cost components defined in the financial evaluation.

(H Applibation of a shadow exchange rate to convert costs generated in. US dollars into

guaranis,

(2) Exclusion of taxes paid from costs, since taxes are regarded as a transfer payments in the

national economy.

The shadow exchange rate applie;i here is Gs 550 pé’r US dollar. This rate is recommended
by the IMF memorandum in August 1987 as a unified exchange rate in Péraguay.

The main method of economic evaluation is almost similar to that of the financial evalua-
tion, that is, comparisons on ASC (Average Supply Cost, but in the case of economic evalua-
tion, “Economic Supply Cost”) between the three cases of supplying petroiéﬁm broducts.
Also conducted are studjes of the effecfcs on the foreign-exchange balance, and comparisons

between with and without cases using NPV (Net Present Value) and sensitivity analysis.

8.4.1 - Comparison of Average Econnomic Supply Cost _
The average economic supply costs of the petroleumn products for each case are calculated

by applying a discount rate of 15%. The results are as follows:

Case-1 “109 Gs/
Case-2 141 Gs/R
Case-3 117 Gsfg

The economic supply cost of Case-1 is the lowest, followed by Case-3, and then by
Case-2, The result is the same as for the financial evaluation (see Table 8.3-1). However, the
economic supply cost of Case-1 is higher than its financial supply cost, Oh the other hand, the
gconomic sup;ily costs of Case-2 and Case-3 are lower than their financial supply costs.

The reason for this discrepancy between the results of the economic evaluation and
financial evaluation is that the shadow exchange rate of Gs 550 per US dollar is applied in
the economic evaluation, while, in the financial e\.*aiuation, import price of crude oil,
petroleum products and plant equipment are divided into an FOB portion and other foreign
currency portions, and different exchange rates. of Gs. 400 and Gs 900 are applied to them,
respectively. This results in the different composite exchange rates in the financial evaluation

as follows;
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- composite exchange rate for the.import of crﬁde oil at CI¥F prices > 550 Gs/US$
- composite éxchange rate for the import of petroleum products at CIF prices < 550 Gs/US$
- composite exchange rate for the import of plant equipment > 550 Gs{US$

The financial supply cost of Case-1, which is mainly the cost of imported petroleum
products, is lower than the economic supply cost, while the financial supply costs of Case-2

and Case-3, which include the imports of crude oil and equipment, show reversed resulis,

3.4.2 Sensitivi.ty Aualys'is

The sensitivity analysie of average economic supply costs is conducted in the same
manner._as for the financial evaluation. The results are shown in Figures 8.4-{ through 8.4-4.
There is no substantial difference between results of the financial evaluation and economic
evaluation,

However, the sensitivity analysis shows that the economic supply cost is more substantial-
ly affected by changes in crude oil prices than iﬁ the financial evaluation: if crude oil price
shouid decline by about 20%, Case-3 suggests the poss;bxllty of supplying products at nearly

the same economic supply cost as that of Case-1,

A sensitivity analysis is carried out to examine the effects of changes in the sales prices of
petrolenm producté on profitability using the EIRR (Economic Internal Rate of Return) as an
indicator, similarly to the financial analysis. As shown in Figure 8.4-5, changes in the sales
prices greatly influence the EIRR. If the acceptable EIRR from the national economic point of
view should be more than [5%, then a more than 15% EIRR is expectable in Case-i and
Case-3, even if sales prices of petrole'um products fall from the present level, whereas, in

Case-2, sales prices may have fo be raised by more than 10% in order to achieve a 15% EIRR.

3.4.3 Comparisxon between.With Case and Without Case

Among the three cases analyzed here, Case-3 is judged to be the most probable case for
adapting the present system of supplying petroleum products fo future increases in demand,
because Case-3 is intended to utilize the existing refinery with minor modifications. Therefore,
Case-3 may be regarded as the “without” case and the other two cases as “with™ cases. The
results of the analysis are shown in Fig. 2.4.6.

Indifferent to changes in the discount rate, the NPV in Case-1 is always on the positive
side, while that of Case-2 is always on the negative side. This means that a benefit of 2 to 3
pillion guaranis in NPV is expected in Case-1, while in Case-2, the cost in terms of NPV may be
over 5 billion guarams as compared with the Case-3, which is regdrded as an extentlon of the

present supply system into the future.
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8.4.4 The Effects of Foreign Currency Balance and Employment
{1) The Effects of Foreign Currency Balance on the National Eéonomy
‘The required amount of foreign currency in each case from 1992 to 2000 is shown
in Table 8.4-1. |

Case-1 requires the least amount of foreign cﬁrrency among thej three caseé -‘about
UJS531.5 billion at the 1987 price. Ninety-seven pea‘_ceni of the foreign currency for.Case-'l
is for iniporting petroleum products, -by the natlir_e of the case. The medium case is
“Case-3 - its transactions involve about US$1.6 billion, of which 94% is for im;ﬁorting
crude oil and petroleum products. In case-2, US$1.8 billion ié nccessary, the largest total
of the three. Eighty-eight percent, or USS],SS3 millio.n is for importing crude oil and

petroleum products.

The required foreign currency for importiﬁg p]anf equipment in each case is balanc-
ed at closing, because as soon as it flows in as a foreign loan, it flows out as'payment for
the plant equipment. However, item *Other” in Table 8.4-1 includes repayments of the
principal and interest on foreign toans used for purchasing plant equipment. The differ-
ences in the required amount of foreign currency among ﬂie three cases almost originate

in the differences in these investment funds used for purchasing new plant equipment.

Table 8.4-1 Foreign Currency Requirement
{Unit: MM US$)

Case-1 Case-2 Case-3

Imp. of 1) Imp. of n Imp. of n

. 05& Other Total 'oil;&' Other Total .rgﬁ 8? Other  Total

Products products products
1992 140 g 149 163 33 186 146 14 160
1993 . 144 8 162 158 31 189 150 13 163
1994 149 8 157 163 29 192 1656 - 12 167
1995 163 8 161 168 28 197 160 . 12 172
1996 159 7 166 175 26 201 . 166 11 177
1997 1656 6 R A 181 24 206 17_2 10 182
19488 i7t 6 177 188 22 210 178 - 9 187
1989 177 B 182 185 21 216 - 184 9 193
2000 183 ] 183 201 0 201 19t 0 191
Total 1,441 57 1,488 1,683 214 1,797 1,602 a0 1,092

Source: JICA Mission

1} {ncluding refund and Interest payment.
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(2) The Effects on Empldyment

As mentioned in Chapter 7, employment outside the headquarters in cach case is as

follows:
Case-1 . 244 persons
Case-2 39_3. persons
Case-3 324 persons

When compared with the present employment of PETROPAR, 224 persons,
cniployme'n_t will be .increased in each case: 20 persons in Case-1, about 170 persons in
Case-2, and 10{). pérsons in Case-3. |

Most of the work requires skilled workers; this is why the shadow wage rate is not

appliéd in this analysis.
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CHAPTER 9 DISCUSSION AND RECOMMENDATION .

9.1 Target of Petroleum Policy . _

A stable supply of energy is an ifﬁportaht factor in the economic security of a country.
“Stable’” means not only to provide the nation with the required amounts and kinds of energy
without any shortfalls and at the lowest possible cost, but to provide such energy without
cost fluctuations which may have a harmful effect on the national economy.

In regard to petroleum, which plays a central role among various energy sources in a
modern society, a fundamental task of a country’s petroleum policy is to secure a stable
supply of petroleum products at low cost. However, as is the case for other kinds of energy,
it is llot_alwayé easy to. achieve the two targets of stability and low cost simultaneously.

Nowadays, the world petroleum market is in a very fluid condition. The supply capacity

- of crude oil is by far iarger than the _world demand, and aggravated by the need of oil produc-

ing ‘countries for money, there is a chronic oversupply of crude oil on the world ‘market. As for

refined petroleum products, a suiplus in refining capacity compared to demand for products

still temains. Conseguently, spot markets for both crude oil and refined products are very
active, zmﬁ speculative oil trading.proliferates, causing fluidity in the world petroleum market.
. In response to such a situation, most oil comsuming countries are ta_ki'ng measures 0
diversify their supply sourées of pet;oleum and to expand their oil stockpiling. To diversify
petroleuin supply sources, théy procure crude oil from more suppliers than before, import
reﬁned produc{s to some extent even if the countries have their own domestic refineries, and
purchase crude oil and refined products from spot markets in addition to making purchases
from traditional suppliers under long-term agreements.
The energy economy of Pafaguay- has a peculiar characteristic in that about three fourths
of all the energy consumed in the country is supplied by such non-commercial energy as

firewood and vegitable residues. However, ¢éven in such a sifuation, petroleum is the energy

‘source that is indispensable for the day-to-day lives of the peoplé as fuel for transpoftation

vehicles and for agricultural machinery, Further, there are no other alternative energy sources

for such uses. In planning a future petroleum products supply system, basic consideration will

have to be given to the stability of supply from the viewpoints of both quantity and cost,

9,2 Present Status of, and Problems with, the Petrolemm Supply in Paraguay

In Paraguay, the state-owned company, PETROPAR, holds an exclusive position in the
exploration and development of petroleum resources, imports of crude oil and refined prod-
ucts, petroleum refining, and the primary wholesale of petroleum products.

" Generally speaking, nationalization of the petroleum indusfry is a policy taken by many
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of the oil producmg countnes, and is aimied at strengthemng the: soverelgnty over their own
petroleum resources, rather than at the stable supply of petroleum to the domestlc markef.
And, while there are not many national petroleum companies in non-oil producmg countries in
the market"e(;‘onomies,- there arc a few examples whose aims are to secure & stable supply of
petroleum to the domestlc market, to stabilize prices and other domestic market condltlons ‘
and to contribute to the government revenue.

TFhere were presumably historical reasons spemflc to Paraguay- for the natlonahzatlon of
her petroleum industry which led to the formation of PET ROPAR,‘but the basic-aims were
'sum';)osedly' the same as national oil conibanies in other oil consuming éountr‘ies.-And-,'as.thc
records of PETROPAR indicate, nati(malization has achieved the aim of stabilizing the supply
of petroleum products and the domestic petroleum products market, and has made certain
contributions to the government revenue. - .

PETROPAR took over the Villa Elisa Refinery from its predecessor, REPSA, and c'.on-

" tinued the latter’s operations of processing imported crude oil to satisfy a part of the domestic
demand for refined petroleurn products, and of importing refined products to fill the gap
between domestic demand and supplies from the réfinery T his o.peraiicm eventually resulted
‘in the dwers:ﬁcatlon of supply sources of petroleum products.

A ca]cuiatlon based on actual records in 1987 indicates, however; the average productlon
cost of all products produced by the villa Elisa Refinery was 101.8 guaranis per liter, whereas
the average import cost of imported petroleum products ivas,‘ on an-assumption that the same
kinds and same amounts of products as. the Villa Elisa Refinery produced were imported, 89.9 .
guaranis per liter. More exactly, the difference in cost of domestically refined and imported
products could be ﬁarrowed, if the fact that the imported products were stored and handled at
the Villa Elisa' Refinery was taken into account. However, there still lies a difference of about
10 guaranis per liter between the average cost of imported petroleum products and that of the
refinery’s products, since 96,7% of the production cost was th.e cost of imported crude oil
and the refining costs at the refinery accouufed for onty 3.3 guaranis per liter.

However, the value for a country to have her own domestic refinery cannot be judged by
the costs of the refined products. In the case of Paraguay, the refinery of PETROPAR has been
making contributions, both ekplicitly and implicitly, to the stable supply of petroleum prod-
ucts, and to the company’s bargaining power in the import of petroléum products, ot men-
tioning the contributions to government revenue. The co’st.diff_erence between the i:nported
products and domestically refined products should be regarded as the price to be paid for such
benefits. Whether the price of 10 guaranis per liter is expensive of not is a matter of policy of .
the country itself. '

Another value of a refinery which must not be overlooked is the value as an industrial and



technotogical asset of the country, In Paraguay whose modern industries were still under-

developed, the Villa-Elisa Reﬁnery represented the sole large-scale process industry of the
country-; and a valuable _industrial_ and technological asset of the country forermunning INC
(cement), APAL (ethanol), and ACEPAR (iron and steel). |

‘The crude distillation unit of the Villa Elisa Refinery which was commissioned more.than
20 years ago is still maintained in a good condition, testifying to the quality and high morale
of the personnel of the refinery. The refinery also.bas a plant for treatment of jet fuel oil
designed by its tech_niczil staff. This is a rare example for a developing country and it indicates
the technical capabilities of the staff,

‘The primary reason for the Iigh cost of Paraguay’s domestic pefroleum products is the

high cost of imported crude oil. The crude oil cost consists of its FOB price at the shipping

- port and transportation cost to the refinery. The Villa Elisa Refinery uses the Saharan Blend

crude from Algeria, which is expensive compared to other kinds of crude oil and whose market
price is rather rigid. However, in order to meet the structure of Paraguay’s petroleum products

market where the demand-for heavy fuel oil is extremely smali, the super-light (and therefore

.expensive) Saharan Blend seems to be the only possible choice. This could be proved by the

fact that once in the past a crude oil other than the Saharan Blend was used by the relinery,

which subsequenfly led to an over-productibn of heavy fuel il that could only be sold off
with extreme difficulty. o _ '
| Another reason for Ithe high cost of crude oil in Paraguay is the high transportation cost
to the Villa Elisa Refinery, which accounts for more than 35% of the CIF price of crude oit at
Villa Elisa. :
The transportation cost of crude oil consists of three elemenis: the ocean tanker freight

from the shipping port in Algeria to the mouth of the La Plata River, costs for transshipping at
‘the river mouth and for unloading and loading at the Zarate Oil Terminal, and costs relating

- to the river transportation from the Zarate Terminal to the Villa Elisa Refinery.

- In regard to ocean tanker freight, Paraguay cannot hire large capacity tankers because of
the small amount of crude oil she imports. Accordingly she must hire smail capacity tankers on
a spot basis for each shipment, and therefore cost reductions are presumably not easily obtain-
able. As for transshipment and unloading-loading costs, such also seems unavoidable since they
are. directly caused by . the insufficient depth of the Parana River. In regard to river trans-
portation costs, a lack of sufficient information for the present study makes it impossibie to
judge if there is any room for rationalization. However, it seems that immediate cost reduc-
tions wili be difficult in consideration of the fact that the present transportation cost siructure
was inherited by PETROPAR from its predecessor, REPSA.

In consideraﬁion of the abovementioned situation, the high procurement cost of crude oil
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for Paraguay is due 'basi_cally to her gcographib'jﬁo'Sition as'an inland country, :th_e_ charac-
- feristics of her domestic petroleum pro_duéts_matket, and the historical factors. Moreo'vér,
'd'ésp'ite the':-high cosf of the crude oil used, t.he‘ retail prices of petroleum products to the end
consumers in Paraguay are set at a 1e§el'w_hich is not vcrY_lﬁgﬁ compared to the. international
level and those in-the neighboring countries. Therefore, theré could be good reason for the
acceptance of rather high costs for domestically refined petrpleum'prodnc'ts compared with
that of imported p.roducts. _ ' e : '

However, this does not mean that no efforts are required _fopPET_ROPAR-or the
: Govem_ment of Paraguay to reduce the costs of petroleumt products refined domestically.
Already at present, PETROPAR has switched the method of purchasing crude oil to direct
contract with SONATRACH, the national oil company of Algeria, excluding the use of a
trading house as a t'raditi()na'l intc’rmediary. PETROPAR has also taken measiires to introduce
" the principle of competition in thé hii‘ing of ocean tankers to transpor.t the imported crude oil.
~ This kind of efforts will ha»fc to be further strengthened in the futuré. '

Charécteristics similar td those given above can also be applied to the import of the
refined petroleum products. Paraguay at present impért_s pefroleum products from YPE of

A_r'gcntina and PETROBRAS of Brazil, national ¢il companies of r’e'spectivé countrics bordering

Paraguay. This can be said to be a rational choice from the viewpoint of Paraguay’s position

as well as that of diversifying supply sources of petroleum. Though .both Argentina ahd Brazil
are crude oil importers, more than half of their requirements for pctrolemﬁ are met by their
domestic crude oil production, and their oil refining capacities afe 690 thousand BPCD and
1,410 thousand BPCD for Argentina and Brazil, respectively, thus casily being sufficient
enough to supply petroleum products to Paraguay in terms of quantity.

PETROPAR concludes basic supply contracts with the two suppliers every year, has
both companies submit offered pricés every month, and determines the kinds and quantities of

petroleum products to be purchased from each of the suppliers.f.or the subsequent month,

thus, scémingly, introducing the ‘principle of competition. Even if the price offered for a

certain product by one supplier is lower than that of the other, PETROPAR is said to have
never purchased all of such petroleum product from that supplier. This is understandable as a
measure to secure a stable supply of petroleum products over the long-term despite the lower
cost of making a single purchase. Moreover, supposedly, a politico-diplomatic consideration is
being made to maintain good relatig'nships with the two neighboring big powers in the Sduth
America. According to actual record in 1987, products imported from Argentina were mainly
recei_ved at the Vii.la Elisa Refinery, and those from Brazil at the Hernandarias Depot. Due to
the cost of transportation befween the two focations, however, the above choice of supplier

results, eveniuaily, in an économical one from the viewpoint of costs of imports.
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With 1‘égard: to gas oil, the product which is imported in largest volume, about 23% and
25% for the imports from Argehtina and from Brazil, respectively, of PETROPAR’s CIF prices
were transportation and related. costé, Import. prices from Brazil are based on CIF at the
receiving-terlﬁin'al of PETROPAR, and the selection of transportation"céixlparay is in the hands
of the suppiie_r, PETROBRAS, and hence there seemis to be no room for PETROPAR to move

towards cutting such costs. Import prices from Argentiua, on- the other hand, are based. on

" FOB at the YPE’s reﬁnerﬁ_ from where the products -are shipped; And the products are tﬁms—

ported by river barge in the same way as crude oil is. The fees for transporting the products
are set at almost the same level as that for crude oil. Accordingly, similar problems regarding
fees as in the transportation of crude oil are assumed to exist.

‘The ultimate aim of any petroleum products supply policy is to supply petroleum prod-

‘ucts on a stable and low cost basis to end consumers. In Paraguay the present distribution

of petroleum products following shipment from the Villa Elisa Refin'ery or the Hernandarias
Depot are undertaken by such distributors as Shell, Esso, COPETROL, etc., and out of the
hands of PETROPAR. S

| Ho§veifer, the. maximﬁm retail prices of petroleum products are set by a government

- decree. And PETROPAR decides sales -margins of distributors and. retailers as well as

ex-PETROPAR prices of petroleum products, The distributors are subsidized for their trans-
portation costs in order to maintain tlie official sales prices within a 20 km sphere from Villa
Elisa and Hernandarias. F'urther, the addition of transportation cosis to the official prices is an
accepted practice for those products sold in remote districts of the country. Under such a
retail price system, it seems, there is very little motivation, if any at all, to reduce the distribu-
ﬁon costs on the part of distributors and retailers. Such matters as distribution margins for
distributors and retailers, or the addition of distribution costs to retail prices should desirably
be left to the business efforts of distributors and retailers in a market econbmy, Additionally,
any intervention by the government should preferably be kept to the minimum as long as the
market .ét_ability is maintained. It is hoped that the pricing mechanism for petroleum products
in Paraguay will shift to one in wl-lich the forces of the market work more effectively as the
petroleum products market matures in the country.

And, if the present pricing mechanism is to be maintained, it is desirable that PETROPAR
strengthen its ability 'to examine the operating costs of distributors and retailers, thus enabling
the. distribution costs of petroleum products to decrease through business efforts on the

part of distributors and retailers,

9.3 Discussion on the Plans for the Future Supply Sysiem _
In this report, threc .alternative cases are presented with regard to the future supply
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'si;stem for petroleum products in Paraguay. It must be 'n_c)ted in the first place, however, that
it is not the main purpose of the present study to compare advantages and disadvantages of

these alternative cases and recommend one particular case:as the most preferable plan. -

Therefore, in the present study, Case-l is pl_vesen'ted as an extréme in which all petroleum

products required in Paraguay -in the future will be supplied by imports of refined products;
‘Case-2 is in the opposite éxtreme in which the future demand for petroleur products will be
satisfied as far as possible by products from the  domestic refinery and imports of refined
products minimized; and Case-3 is in between Case-1 and Case-2. The ratios of petroleum
" product supply from dom.estic refining to that from product imports are: 0 : 100 for Case-1,
93 : 7 for Case-2, and 42 : 58 for Case-3. ' ' '

Average Supply Cost (ASC) throughout the study period is calcuiat’ed_-for'ezich of these

. cases. When' a discount rate 'gif 15% is applied, Case-1 has the lowest ASC value of 105
guaranis, - and fhe ASC value of Case-2 is the highest at 151 guaranis, while that of Case-3

is intermediate at 119 guaranis. These ASC values are those calenlated by the financial evalua- -

tion method. Under an economic evaluation method, the ASC values for Cases-1, -2, and

-3 are 109, 141, and 117 guaranis, respectively. Whereas the difference in ASC values between

Case-]1 -and Cases-2 and -3 are narrowed to some extent, there seems to be no substantial
change. Therefore, the results of the financial analysis-are used in the following discussion

unléss otherwise mentioned,

These -ASC values are calculated using the values of various cost elements in 1987, when

the actual costs of imported petroleum'products were lower than those of the domestic_ally
refined products. Therefore, it can be said that Case-1 could be expected to offer the lowest
ASC value. .

In addition,' the differences in ASC values between the three alternative cases of future
petroleum products supply reflect, as already discilssed,.differences in the amoun{ of capital
investment for these alternative cases. In Case-1, the facilities to be newly installed comprise
only product tanks to meet the increased demands for petroleum products. Further, these tank
facilities are also needed in Cases-2 and -3, On the other hand, in Cases-2 and -3, new invest-
ments in refining plants within the existing refin.ery are required to inciease the supply of
domestically refined pfodu'cts. Whereas the new investments requiréd for Case-3 comprise
those for the revamp of the existing crude distillation unit and for the installation of a few
relatively simple secondary processing units of small scale, Case-2 requires the new installation
of a crude distillation unit ifself and a number of additional secondary processing units. To
absorb these higher investment costs, the ASC value for Caée-B has to be higher than.th'at for
Case-1, and the ASC value for Case-2 has to be the highest of the three cases.

Now, what will be the judgement that can be deduced from these results of the financial
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evaluation?
if *Minimum Cost” is considered as the only criterion with no room for comprontise,

Case-1 is the only choice possible, i.e., if the “Minimum Cost™ is to be respected, the importa-

.-tidnof all petroleum products required should be implemented immediately as actual records

-~ in 1987 clearly justify.

The cost differences in the 1987 records and the differences in the ASC values calculated
by the financial evaluation differ in nature and therefore these two sets of figures cannot be
compared on. the same level, However, as discussed in relation to the cost comparison for

1987, the advantages of supplying at least a part of the required petroleum products from the

‘domestic refinery should be taken into consideration when a policy decision is made in rela-

tion to the result of this f_ihancia] evaluation. The rationale is that the cost difference between

- the imported products and the domestically refined products is to be regarded as the price paid

for the stable supply of petroleﬂm products, for the enhancement of bargaining power con-
cerning petroleum  product imports, and for the industrial and technological asset which a
country’s own refinery a.ffords. - :

‘Case-2 gives-an ASC value that is about 44% higher than that of Case-1 by 46 guaranis
per liter, a.'nd.-the ASC value of Case-lis.about 27% higher that of Case-3 by 32 guaranis per
liter. Further, to attain the FIRR value of 18%, which is attained by Case-3 under the product
shipping price system in 1987 and is thought to be reasonable in the evaluation of this kind of
capital project, the product ship;iing price in Case-2 will have to be raised by around 30%. It
seems to be difficult to find any logic to justify such a high cost. Moreover, the possibility
cannot be neglected that such a high petroleum product price as this would certainly resuit in
an increase in illegal inflow of petroleum products in addition to promoting other kinds of
confusion in the domestic market. 'Further,\ to supply almost all required petroleum products
from the domestic refinery may conflict with the principle of the diversification of supply
sources for the stable supply of petroleum products.

. Consequently, the most realistic choice would be either Case-1 or Case-3. If the

- “Minimum Cost™ criteria is to be pursued, Case-1 should be selected. If the higher cost of

petroleum products is to be accepted as the cost paid to guarantec the stable supply of

petroleum products by diversifying supply sources, to stabilize the domestic petroleum

- products market, and to maintain such industrial and technological asset as the refinery, then

Case-3 would have to be selected. It should be _added that Case-3 would enable Paraguay to
achieve self-sufficiency in premium - gasoline which is priced higher than other petroleum
products and for which the future demand is expected to increase in Paraguay.

In rc'gard to the compa:rison between Case-1 and Case-3, it is noted in the results of the

| sensitivity analysis that if the cost of crude oil decreasces, the ASC value for Case-3 falls to a
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level near that of Case-1, and if the crude cost decreases by about 30%, the dlffeleme in
ASC values of the two cases almost dlsappears In: reahty, however, a 30% reductlon in crude

cost is mconcewabie_ unless crude-pnces worldwide drop drasticqlly. Also, if such is the case,

the cost of imported petroleum products will also drop _sin_mlfaneous_ly,- _thei-eby maintaiming

the ASC of Case-3 at a higher level than that of Case-1. Therefore, to make Case-3 a traly
-effective choice, a key question for Paraguay would be to reduce the procurement cost of

. crude oil under her own efforts, -

As mentioned before, the proélxremeht:cost (CIF price) of crude oil is composed of FOB

pncc and transpo;tatlon costs, The latter further consists: of three elunents that is, ocean
tanker freight transshipment ‘and - other oil handlmg cxpenses at the mouth of the La Plata
River and at the Zarate Terminal, and the river transportatlon costs. _

Firstly, the market price of the Saharan Blend cmde which is:assumed as bemg used in
Case-3 is rather rigid, as mentioned earlier. This is because this crude oil holds an advantageous
position in the world crude oil market because of its super light and low sulphur qualities as
well as the relétive}y small amount produced, Furthermore, its producer, Algeria, is strict in

maintaining the policy of kee;ﬁing the crude oil price at a high level rather than increasing

production, among the OPEC member countries. Nevertheless, there could be some ways to .

reduce the FOB price of the crude oil fo some extent ny devising certain purchase arrange-
ments. .

As for transportation costs, there is also room for cost reduction in each of the three
elements if PETROPAR could become accustomed to the transportation industry practices
and reinforce its bargaining capabilitics. }

Further, it should be added that the crude oil pipeline described in. Appendix 7 of this
report as an alternative means of crude oil transportation has a possibility of reducing the
transportation cost of crude oil and therefore its feasibility is worth further detailed study.

Lastly, the reduction ii transportation costs is not a question related to crude oil impost
only. The discussion above could be applied almost ¢qually to the transportation of imported
petrolenm products, In this field also, therefore, it is desired that PETROPAR intensily ifs

researches and efforts.
The foregoing discussions are mainly based on the results of the financial analysis. Here-
after, some interesting findings related to the comparison between Case-1 and Case-3 from the

resutts of the analyses by other methods will be elaborated.

. Internal Rate of Retusn

When the shipping prices of petroleum products in 1987 are ap'plied, Case-3 .gives.a
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financial internal rate of return {FIRR) of 1 8%, which is regarded as reasonable for this kind of
petroleum related capital project. This means, supposedly, a ‘batanced relationship is achieved

in this Case between the supply costs and the shipping prices of petroleum products, and this

- Case can be regarded as a natural extension into the future of the existing supply system.

On the other hand, if the product shipping prices in 1987 are applied to Case-1, it gives an
extraordinary high value of FIRR, This means that the supply costs of the products are low
(because all products are imported), and they do not balance with the product prices in 1987,

and thus there is room to reduce product prices.

Capital Investinent Required
Case-l : Gs 15,300 million
Case-3 1 Gs 31,400 million .

Case-3 requires about two times as much investment as in Case-1.

Foreign Currency Requirements in the Capital Investiment
Case-1: USS$ 17.1 million
Case-3 : USS$ 37.4 million

Also Case-3 requires more than two times as much foreign currency as in Case-1.

Initial Investment Required Including Working Capital
Case-1 :  Gs 27,500 miilion
(of which Gs_22,$00 million is in foreign currency)
Case.3 : Gs 45,600 million
(of which Gs 38,100 million is in foreign currency)

Foreign Curreney Requirements Throughout the Study Period
Case-1; US$ 1,500 million
Case-3: USS 1,600 million
Most of the foreign cwrency is to be paid as the import price of crude oil andfor refined

petroleum products in both cases.

Employment by PETROPAR
Employment by PETROPAR excluding the headquarters is estimated at:
Case-1: 244
Case-3: 324
Compared with the présent number of employees at the refinery and the depot of
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PETROPAR, the increase in employment would be 20 in Case-1 and 100 in Case-3. The higher
ASC value for Case-3 in comparison to that for Case-1 could be regarded as including the costs
for the creation of this new employment and the costs related to the training of these new

employees.
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