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PREFACE
 

USDA/OICD contracted individually with Mr. James H.
 
Lauth and Dr. Ken L. Casavant and, through agreement with Economic
 

Research Service, with Dr. Edward I. Reinsel, for their services
 

to conduct an agricultural limestone distribution study for
 

southern Portugal (Regions 5, 6 and 7).
 

Using production cost data and recommended plant
 

technology developed from Limestone Production In Southern Portug;,
 

James Smith, June 1982, and limestone need and demand estimates
 

developed by MAP this distribution study was to:
 

1. 	 Develop and analyze transport and handling costs related
 

to alternative sites, including existing or expanded
 

plants in Region 3, considering location of quarry and
 

plant, the distribution area(s) and the availability of
 
transport and distri.bution facilities in the vicinity of
 

each site;
 

2. 	 Assess the current and projected transport capabilities
 

and relative advantages of alternative transport modes
 

from plant(s) to intermediate storage to farms or from
 

plant(s) direct to farms;
 

3. 	 Determine the costs of limestone storage in different
 

areas for current and projected volumes of limestone;
 

4. 	 Provide an overall analysis of alternative plant numbers,
 

sizes and types, and alternative transportation/distribution
 

systems considering production costs, total distribution
 

costs, and operating feasibility for current operations
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and 	project longer term volume;
 

5. 	Recommend the least cost system of limestone plant numbers,
 

sizes and types and transport/distribution system,
 
identifying additional plants, storage, transport, or
 

handling facilities necessary with a suggested timetable
 

for acquisition and operation;
 

6. Recommend alternative means and cos !.of GOP subsidies
 
for limestone in order to deliver limestone at a uniform
 
price to farmers, considering the exi ring limestone
 

program and subsidy structure in northern Portugal;
 

7. 	Recommend aopropriate credit, and/or pricing incentives
 
to 
stimulate increased private sector participation in the
 

production, sale, distribution, and/or storage of lime

stone; and,
 

8. 	Recommend the administrat-ive organization and techniques
 

seen 
necessary to manage the production and distribution
 

system proposed, considering the structure being used for
 
the northern Portugal limestone program.
 

The work was accomplished in June and July 1982, in
 
Portugal. The final draft study was submitted in Lisbon on July 30
 

to USDA/OICD and AID officials.
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EXECUTIVE SUMMARY
 

This agricultural limestone distribution study for
 

southern Portugal (Regions 5, 6 and 7) is designed to support
 

the technical and economic performance of the agricultural
 

sector of Portugal's economy. The question of limestone distribu
tion in the south was co~iplex because the size of farms is
 
significantly different from the north, little or no 
limestone
 

is presently being applied, no 
specific information was available
 
on either the sources of (supply) and need for 
(demand) limestone,
 

and the cropping pattern is presently undergoing change in the
 

regions, especially the Alentejo (Region 6)
 

The need or demand for limestone in the south is
 
uncertain. Estimates of limestone use during 1983-86 were develop(-c
 

in cooperation with the Regional Services staff for each of the
 
three regions. Projected use 
is around 64,000 tons in 1983 and
 
220,000 tons in 1986. The region of Alentejo is expected 
to become
 
the major user of aqricultural limestone, accounting for close 
to
 
90 percent of the anticipated use in the South. For the entire
 
region, close to 
85 percent of the hectares to be treated would
 

be in subterranean clover, a crop 
that is integral zo the
 
new farming system that is being developed. If this attempt to
 
significantly change the 
farming system is not successful, need
 

for limestone will be less.
 

Southern Portugal has ample supplies of agricultural
 
limestone being produced to meet anticipated demands. These supplies
 
arise from a different limestone production technology than in
 
the north; 
residual product from ongoing rock crushing activities
 

is further crushed and 
sieved to meet minimum government standards.
 
These activities are projected to result in available supplies of
 
270,000 tons 
in 1983 and more thar, a million tons in 1986.
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Because of necessary assembly, handling and delivery
 
costs, rail costs were found to be higher than bulk truck costs
 
for movements of less than 300 kilometers. Thus, the expected
 
system is one of bulk delivery by limestone producer trucks,
 
usually directly to the farm from the limestone production plant.
 
Truck rates of 5 escudos per ton kilometer were greater than costs,
 

especially on the larger 34 ton GVW truck whose estimated costs
 
were 
3.68 escudos per ton kilometer. This rate/cost relationship,
 
as well as potential cost savings, suggest that development of a
 
trucking cooperative would be economically feasible.
 

Spreading on the farm would be done by small 750 ki.lo
grams spreaders attached to tractors. These spreaders already exist
 
on most farms since they are presently used for fertilizer and
 
seed application. Spreading costs were estimated to be 230 escudos
 

per ton.
 

The least cost system for agricultural limestone
 
distribution in the south was developed for 1983 and 1986. In 1983,
 
no new limestone plant investment was assumed in 1986, thus
 
allowing flexibility in the system. Analysis of the residual P6 de
 
Pedra was done using an equivalency table. Results indicated that
 
use of this material, which does not meet existing minimum
 
government standards, was not economically feasible at this time.
 
Thus, the least cost system used only production olants that
 

produced a product meeting government standards.
 

In 1983 the Sesimbra area will provide over 54 percent
 
of the production; Loul&, Seroa and Santiago do Cac ii would provide
 
about 14 percent eacn. In 1986, Sasimbra would distribute about
 
46 percent, 102,000 tons. Alenquer and Portalegre will come 
into
 
production, producing 39,000 tons and 35,000. F~tima and Serpa
 
would no longer be least cost'production sources.
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Region 5 (Ribatejo e Oeste) receives most of its ship
ments from Sesimbra in 1983 
 but also from Alenquer in 1986. Alen
tejo (Region 6) receives shipments from Sesimbra, Serpa and Loul]
 
in 1983 and Portalegre will become an important source in 1986..
 
The Algarve (Region 7) is served by Lou1 
 plants in both years.
 
The average length of haul in 1983 is 84 kilometers, decreasing
 

to 72 kilometers in 1986.
 

The delivered rice for agricultural limestone is 
ex
pected to decrease from 713 escudos per ton in 1983 
to 555 escu
dos per ton in 1986. Transportation costs 
are the main reason fo;.
 
this decrease, going from 447 escudos per ton 
in 1983 to 273 es
cudos per ton in 1986. 
These costs decline because distances are
 
shorter as new plants are developed. Also, the cost per 
ton kilo
meter decreases from 4.4 
to 3.68 escudos as new 
larger trucks are
 
used in 1986. Plant price increases slightly from 266 escudos to
 
282 escudos over the time period.
 

The marketing of agricultural limestone will be.done
 
mainly by e::isting cooperatives in the south. They would handle
 
the purchasing and order processing with the limestone being
 
physically delivered directly to the farm.
 

There are strong differences existing between the
 
distribution systems of the north and south. The average per ton
 
plant price and transportation costs 
were 758 escudos and 1005
 
escudos in the north, compared to 266 escudos and 147 escudos in
 
the south. Average delivered price was 1763 escudos in the north
 
and 713 escudos in the south. Even under the existing subsidy
 
program the farm price would be 1200 escudos per ton 
in the north
 
compared to 800 escudos in the south.
 

There will be interactions between the 
two systems
 
where they met. Shipments of bulk product from Portalegre which is
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in the south may go into the north. Shipments from Fatima to
 
those southern farms that need bagged limestone because of small,
 
inaccessible fields will occur. The interaction of the South and
 
North purchases may 
cause northern nlants to increase production,
 
putting downward pressure on bulk and bag limestone prices in the
 
North, and providing price competition to southern plants.
 

It does appear that no subsidy, other than that for
 
bagged limestone in the South, is necessary. Further, financial
 
support for construction of limestone plants is not necessary.
 
However, because of its value to the smaller farms needing a
 
supply of crushed limestone in bags, the Quisselgur plant is
 
needed. Apnroval of any credit for the Portalegre plant should be
 
continqent upon the development of need for limestone in the area.
 
Other specific recommendations are offetd in the report.
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I INTRODUCTION
 

This agricultural limestone distribution study in
 

southern Portugal 
(Region 5, 6 and 7) is designed, as other
 

related and concurrent studies, to achieve higher technical
 

and economic nerformance from the agricultural sector of
 

Portugal's economy. 
 The past stagnation of agricultural
 

production in Portugal has 
recently received the attention
 

of the Government of Portugal (GOP) and resulted in 
a specific
 
program to bring about 
an increase in productivity. Specific
 

activities relate to 
soil ccrrection and fertilization, for

ages and livestock production, and related development of re

search and extension capabilities.
 

An initial 
study in this program was a limestone
 
distribution system designed for the northern four regions of
 

Portugal (Regions 1, 2, 3 and 4) ! / .
 See Map 1 for the area
 
of Portugal covered by each region. 
 That study resulted in a
 

proposed least cost production and distribution system for
 

1981 through 1986. It provided a transitional plan for dis

tributing 50,000 tons of agricultural limestone in the spring
 

of 1981 to a system to handle 380,000 tons in 1986, all in the
 

four northern regions. This study proposes a system to achieve
 

the logistical and economic performance desired from limestone
 

distribution in southern Portugal 
as part of the total techni

cal and economic agricultural development effort underway in
 

the country.
 

The question of limestone distribution in the southern
 

three regions was complex because the size of farms is 
signifi

cantly different from the north, little or no limestone was
 

.presently being utilized, no specific information was available
 

l/ 	 Aqricultural Limestone Distritution Study for Northern
 
Portugal, Lauth, Snitzler, Tosterud. February, 1981.
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on either sources of (supply) or need for (demand) limestone,
 

and the cropping patterr is presently undergoing change in the
 
regions, especially the Alentejo. These factors, while
 
allowing the study design to follow the previous work in the
 
north, forced a detailed examination of the southern regions,
 

particularly of limestone production.
 

The specific objectives of this study were to: (1)
 
design an efficient, cost minimizing system for production,
 
transportation, marketing and distribution of agricultural lime
stone; (2) develop a system that is flexible enough tc respond
 
effectively to charges in conditions of supply, demaric, 
or
 
governmental policies; (3) evaluate government policies and/or
 
programs, e.g. credit or subsidies, that would encourage use of
 
agricultural lir.estone and 
cause attendant increases in
 
agricultural production, and; 
(4) recommend the syster. components,
 
marketina opticns, and governmental actions that would achieve 
these three prior objectives.
 

The objectiveof this study are based on a given need
 
and demand for agricultural limestone in the three southern
 
regions. That is, that certain soils growing specific crops need
 
limestone to maintain growth and/or increase yield at a determined
 
rate of appulication and that farmers will buy certa-n amounts at
 
given prices to fulfil their soil and crop needs. The consultants
 
were unable co find sufficient data cr research on the need or
 
demand for limestone in the south to develop a judgement on the
 
amounts needed to be produced and transported over a period of
 
time. Thus, the consultants have used estimates of use 
of lime
stone, .983-1986, made by the Regional Services. 
 We believe 
these to be the best estimates available but,because of their un
certainty, the proposed supply system must be considered tentative. 
Flexibility has been a key ingredient in our development of the
 
proposed system in order to provide for the uncertain need and
 

demand.
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Available to the consultants for this study was a
 
report on limestone production done by Mr. James Smith -/
 
This report provided considerable information on limestone
 
production and technology which was not available for the
 

northern study.
 

1/ 	Report on Production of Agricultural Limestone in Southern
 
Portugal, Smith. June 1982.
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II METHODOLOGY 

The overall approach to designing an agricultural
 
limestone distribution system for the three recions of the south
 
was to identify the least cost structure while allowing for
 
flexibility in the recommended system. Sequential steps in the
 
analytical procedure included the following:
 

1) 	The estimated demand for limestone 
 in the south
 
was evaluated and categorized by location and
 
timing. Information was obtained on physical
 
need and rationale for limestone usage, acceptance
 
by agricultural producers, changing cropping
 
patterns, location of use and proposed timing of
 
the 	use during the 1983 - 1986 period.
 

2) 	An inventory of supply of limestone was 
undertaken.
 
The location of limes-nne producers was examined
 
relative to potential annual volume, timing of pro
duction during 1983-1986 time period, reserve
 
supply, limestone physical and chemical properties,
 

product source (primary agricultural limestone
 
production or residual product), 
cost of production,
 
and potential selling price.
 

3) 	Truck costs were synthesized and capacity of highway
 

infrastructure (road 
and bridges) was ascertained
 
Potential congestion bottlenecks were identified and
 
any impacts were 
included in the truck cost functions.
 
Truck coszs were developed for different sizes, back
haul frequency percentages, and ownership alternatives.
 

4) Rail costs were calculated and capability of the
 
rail system in the south investigated. Cost of alter
native carrier systems were determined.
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5) The distance at which rail costs and truck 

costs equalize was calculated for alternative 

origin and destination distances. Then, 

competitive variables affecting this interaction 

in the south, such as rates, equipment availabili

ty, handling charges, and service differences 

were combined to determine the recommended 

transportation modes. 

6) The recommended system was then specified,with 

number and location of production sources, associated 

trade and distribution areas, transportation modes 

and production/consumption expected during the 1983 

- 1988 time period being identified. 

7) The costs of the physical distribution system were 

then calculated, identifying delivered price to 

alternative demand areas. 

8) The estimated amount of equipment required to 

efficiently move the specified volume of agricultural 

limestone was evaluated based on vehicle capacity 

and resultant number of truck or rail trips. 

9) Alternative marketing and/or promotional arrangements 

such as cooperative handling, credit lines, subsidy 

to farmers, etc. were then examined. 

10) Recommendations were made, based on analysis of the 
efficient system design, but modified by institutional 

considerations. 

A concurrent objective of the analysis was to design
 
flexible system for agricultural limestone distribution as well
 

as an efficient, minimum cost one. This secondary objective entailed
 

the following steps:
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1) 	Evaluation of potential GOPpolicy changes and
 

resulting program characteristics relative to
 

effects on system design.
 

2) 	Evaluation of the demand for agricultural lime

stone in the south. Undetermined at the time of
 

the study were physical need for agricultural lime

stone, the degree of producer acceptance of the
 
physical need, the financial ability of the producer
 

to participate in the program, and the results from
 

research and extension programs. All of thece re

quire a physical distribution system capable of
 

reacting to either drastic increases in demand for
 
agricultural limestone or little active demand in
 

the 	early years of the 1983 - 1986 time period.
 

3) 	The supply system for agricultural limestone, as
 

specified in the study, could vary significantly
 

in cost of production and market prices, depen

ding on potential competition among producers, the
 
multiproduct characteristics of rock quarries,
 

physical capability of alternative production sites,
 
etc. These variables were evaluated relative to
 

need for flexibility in the system design.
 

The 	data sources for this study consisted of the previous
 
agricultural limestone distribution study for northern Portugal
 
and field trips,both in the north and the south. Specific inter

views were held with government officials, trucking fleet operators,
 
limestone producers, trade off .cials, railroad personnel, Regional
 
Service specialists, World Bank Project,Extension Specialists, and
 

farmers.
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III LIMESTONE PRODUCTION, TRANSPORTATION
 

AND DISTRIBUTION IN NORTHERN PORTUGAL
 

In 1981, a program for agricultural limestone production,
 

transportation and distribution was implemented by the GOP to
 

introduce the application of agricultural limestone by farmers 
to
 

neutralize 
soil acidity in northern Portugal (Regiorsl, 2, 3 and
 

4). As part of the PROCALFER program, the goal of this project
 

was to promote soil correction by the use of agricultural lime

stone on northern soils used in corn and forage production.
 

Goals were established for the tonnage of limestone to
 

be applied over a 6 year period. The original goals -
/ of lime-

stone application, in tons, were:
 

1981 1982 1983 1984 
 1985 1986
 

95 000 219 000 266 000 302 000 340 000 380 000
 

In November, 1981 these goals were 
revised as follows:
 

1981 1982 1984
1983 1985 1986
 

52 500 90 000 150 000 250 000 350 000 380 000
 

.I/ Based on application to 50% of the corn hectares in Regions
 
1, 2, 3 and 4 and 50% of the pastures in Regiors2 and 4.
 
The average application rate is 5 tons the first year, 5
 
tons the 2nd year, and one ton each succeeding year.
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To create an 
initial demand from those farmers un

willing or unable to incur the full cost of agricultural lime

stone 
the GOP began a six year phased out subsidy program for
 

the purchase of limestone. The subsidy funds approved for 1981
 

were based on 50 prcent of the estimated average delivered
 
2/
price, or 700 esc/ton - Subsequent Fubsldies were proposed 

to be 50 percent in 1982, 40 percent in 198K, 30 percent in
 

1984, 20 percent in 1985 and none in 1986.
 

The first shipments under the government's subsidy
 

program began the first of March, 1981. A uniform price to all
 
farmers in the north was set at 1200 esc/ton in plastic bags 3/
 

This uniform price was calculated from estimated delivered
 

prices from plants to representative regional destinations, 

weighted by expected tonnages to each' region, which resulted in 
an estimated weichted average delivered price of 1886 esc/ton. 

arketing of the limestone under the subsidy program is 
. ni: ....spec: rc unions of.....ra... : Ucanorce in reqicr 1, Corco in 

region 2, and Unicentro and A7-oscoop in regions 3 arnd 4. The 
Unions buy limesone and arrngce for its transportation to local 
cooperatives, pa,:nc all bills and incurrina some administrative 
expense. The farmer buys the limestone from the local cooperatives, 

paying 1200 esc/ton. The Unions are then reimbursed monthly for 

.2/ 	Derived from an estimated 1353 esc/ton delivered price 
obtained from the Lauth, Snitzler, Tosterud study, February, 
1981 

3/ 	A price of i100 esc/ton was later established for aigricultural
limestone in paper bags and 1300 csc/ton for dolomitic limestone. 
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the difference between the delivered prices to the cooperatives
 

and 1200 esc/ton less 
a handling charge for the local cooperative.
 

A quazi-government organization, named Codical, has been chartered
 

to administer and account for the 
subzidy funds. Chartl. is a
 
diagram of the structure of the limestor-e subsidy program in
 

northern Portugal.
 

In addition to the purchase price subsidy for
 

agricultural limestone in the north, credit lines 
were also
 

authorized in 1981 by the government for the purchase of limestor,
 
(9.5% interest,, the construction of warehouses for limestone
 

(12. interest) and the construction or expansion of limestone
 

plants (13.75% interest) 
 While these credit line subsidies were
 
authorized for all of Portugal their use has been heavily concen

trated in the four northern regions.
 

The quantity of limestone delivered to the four northern
 
regions in 1981 were 52,500 tons, 
of which 36,458 were delivered
 

under the subsidy program. This 
tonnage compares to an estimated
 

20,000 tons delivered to these regions in 1980. 
 The. average
 

delivered price was 1763 esc/ton, ranging from 1410 esc/ton to
 

region 3 to 1996 esc/ton to region 2. Limestone plant prices
 
averaged 758 esc/ton, or 42% 
of the delivered price. Transportation
 

costs averaged i005 esc/ton or 55% of the delivered price.
 
Administrative costs added another 54 esc/ton 
to the delivered
 

price making a toLal average delivered price of 1817 esc/ton.
 
The avorage subsidy cost was then 759 esc/ton, or 41% of the total
 

delivered price, and ranged 
from 495 esc/ton for region 3 to 990
 

esc/ton for region 2.
 

Production plants used under the subsidy program are
 
plants which produced agricultural limestone prior to the program.
 

None of these plants produce agricultural limestone from a
 

residual product but rather as 
a by-product or joint product of
 
their limestone rock czushing operation. All of these plants
 

10
 



NOPIoERr N PORTUGAL 

CHPRT 1. 1981 

AGR ICULTURAL I_.iMESTONE DI STRIrlUTION SYSTEM 

CiMPOR 

11 ,302 tons in 
subsidy progr 

8,932 tons 
outside 
20,234 tons 

S ITROL 

25,156 tolls il 
subsi dy pko~z-. 
3,001 tons 

ou tside 
28,157 toils 

SOLCAL I NA 

Nl sates to 
UzonS 
.i,14.t ton:3 out 

I side 
Li,144 tons 

CORCO0 P 

To be in pro-
ductivity by 
Jan. 1, 1983 

CONDEIXA 

Proposed new 
plant for 
1983/84 

UNIONS OUTSIDE 

UCANOIRTE AGIROSCOOP UNI CENTRO CORCOOPTRD 

23,289 toils 5,155 t,,,ls 3,'-3: tons 4,681 tons 
63.88 14.1,4% 9. 141 12. 84 % 16,077 ton, 

REG 1 REG 3 AND 4 REG 2 Under Subsidy Program 36,458 tons FARMERS 
F___I__ _1 Otside Subsidy Program 16,077 tons 

LOCA\L COOPER ATI VESCTotal sold in and outside 
-. subsidy program 52,535 tons 

L FARM ERS 



produce an agricultural limestone product which meets minimum
 
government standards for chemical and physical oroperties. Plans
 
are underway for the construction fo plants which prcduce only
 
agricultural limestone near Vila Real and Condeixa, with the aid 
of government credit. There is one project proposal for government 
credit of the expansion of a plant which will process a residual 
product (P5 de Pedra) into an agricultural limestone product wh!i
will meet the minimum standards 4/.
 

All of the iiniestone sold under the subsidy program j.
 
shipped and delivered to the farmer by truck in bags (paper or 
plastic) because of the small size of farms, 'the division of fa.
 
into small parcels, and, in some instances, difficult assess
 
to the farms. Plans are 
underway to gain advantages of bulk 
delivery Ly construction of regional warehouses where bulk lime 
stone can be received in bulk transport equipment, bagged, and 
then distributed locally in bags 5/. 

Based on shipments through May 1982, preliminary esti
mates for 1982 can be cbtianed for operation of the subsidy proci.. 
in northern Portugal. Shipments under the subsidy program total-.( 
25,770 tons through June 1, despite lack of subsidy funds for the 
Unions during April and May. Assuming the same rate of shipment 
during the last 7 month-s in 1982 as occurred in 1981, and adjusti:, 
for the first tA'o months in 1981, when no shipments w-iere made, ii 
1982 yearly tonnage would be about 76,000 tons 6/, compared to
 
36,000 tons in 1981. Shipments outside the subsidy program durin-i
 
1981 added about 25 percent j/ to the total shipped so that
 
10Q,000 tons is an 
estimate of the total limestone to be shipped
 

4/ Quisselgur, near F5tima,
 
5/ For example, the planned warehouse by Ucanorte at Maia.
 
6/ 70 percent of 1981 
shipments were made in June-December.
 
7/ Discounting the Quimigal shipments made in 
January, February


and March, 1981 leaves a balance of 9500 tons shipped outside
 
the program in 1981.
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to the four northern regions in 1982. 
 The average subsidy for
 
the first five months was 368 esc/ton, up from the 1981 average 
of 759 esc/ton. 
 The increase is due principally to an increase
 
in the plant price for Sitrol limestone from 820 esc/ton to 

esc/ton -/. The Sitrol plant during the first five months
 
supplied 6%% of the limestone to the four Unions. Offsetting
 
this plant price increase 
 to some extent were purchases from 

Tudipedra 2/, a new supplier, at 
850 esc/ton. Negotiations are
underway by Codical with other plants at the 850 esc/ton price 
level 10/ 

Characteristics, prices and costs of the northern
 
Portugal agricultural limestone production, transportation and
 
distribution system may be suuarized as follows, with particular 
relevancy to a southern system. 

1. The price 2t the farm level for limestone is 
subsidizeCi by the government at a uniform price 
of 1200 esc/ton regardless of distanre from the 
limestone plant. During the fi'st year of the 
program the subsic:y ave raged 739 eso /.on, or 41 
percent of the- delivered price to the farmer. 
For the first five months of 1982 the average 
subsidy was 868 esc/ton. The subsidy is to 
gradually decline from 50% in 1981 and 1982 to
 

zero in 1986.
 

2. Government assistance is further available through
 
low interest credit to farmers for the purchase of
 
limestone and construction and/or expansion of
 

8/ Effective January 1, 1982
 

9/ Near Alcanede
 

10/ Quisselgur and Solcalina
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Limestone plants and warehouses.
 

3. 	Purchases are from limestone plants where the
 
agricultural limestone is produced as 
a by
product or joint product from limestone crushing
 
operations. None is currently being purchased
 
from rock crushing plants as a residual product
 

or at plants which have a residual product which
 
could be further processed into agricultural lime

stone.
 

4. 	All agricultural limestone purchased under the
 
subsidy program meets minimum government standards
 

for chemical and physical properties.
 

5. 	Marketing of agricultural limestone is accomplished
 
through Unions of cooperatives with delivery to th(<
 
farmer at the local cooperative.
 

6. 	All shipments are by truck and are in bags.
 

7. 	The average delivered price to local cooperatives
 

was 1763 esc/ton in 1981, ranging from 1410
 
esc/ton to 1996 esc/ton. Transportation accounted
 
for an average of 1005 esc/ton or 57% while the
 
purchase price at the plant averaged 758 esc/ton,
 

or 	43%.
 

8. 	Truckers are offering rates below their long 
run
 
variable costs under negotiation by the Unions
 

(see Lauth Report, July 1982).
 

9. 	Consumption is increasing under the subsidy
 
program. Shipments were 20,000 tons in 1980
 

without the subsidy program and 52,000 tons in
 
1981 under the subsidy program. Estimated 1982
 
shipments are 100,000 tons.
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IV LIMESTONE NEED AND DEMAND
 

While use of limestone is known to improve crop
 
production on many soils, whether it is needed and amounts 
that
 

should be used are not easily determined. In general, the goal
 
in applying limestone is to raise soil pH levels. 
The level of
 
pH 7.0 is neutral and as that level is approached limestone is
 
generally not required. Further, moderately acid soils frequently
 

have little or no impact on vields. For example, the following 
data illustrate minimum pH levels 
for "optimum" production of
 
some 
typical crops. Little, if any, negative impact on yields
 
would be expected from acidity at PH levels above those shown. 

"Minimum Optimum pD}" 1/ 

Oats 
 5.0
 

Potatoes 
 5.0
 

Rye 
 5.0 

Grapes 5.0
 

Corn 
 5.5
 
Tomatoes 
 5.5
 

Olives 
 6.0
 
Sunflower 
 6.0
 

Wheat 
 6.0
 

Barley 
 6.5
 

1/ 
Da Silva, Rebelo, Guia Pritico de Fertilizacao, Laborat6rio
 
Quimico Agr~cola, Minist6rio da Agricultura e Pescas, Direc
gao-Geral de Extensao Rural. 
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Relationship Between Soil Class and Need
 

Soils in Portugal are rated by use capacity for
 

agriculture. Soils classified A and B are those most adapted to
 
agriculture; those J1assified D and E are least adapted to
 
agriculture and are commonly utilized as pasture and forest. !n the 
Alentejo, the region thought to need most of the limestone, 15
 
percent of the soils are in classes A and B, less than 20 percent
 

in class C, and nearly two-thirds are in classes D and E (Table1).
 
According to the report Projecto de Calagem, Fertilizacao e For

ragens 1981-85, A and B soils generally do not require agriculbiral 

limestone because they are alkaline. Half of the C soils are 

acid and need such treatment. All D and E soils are said to need
 

limestone to correct acidity.
 

Soil Test Summaries as Indicators of Need
 

Soil test summaries for southern Portugal also show
 
some soils to be relatively acid*and in probable need of limestom
 
For example, in the subregion Santiago do Cac~m of the Alentejo,
 

more than two-fifths of the soils for which soil tests summaries
 
are available for 1981 showed pH of 5.5 or lower (Table 2). Even
 

in that subregion with relatively acid soils more than 6 percent
 

of the soils tested pH 6.6 or higher. In Beja subregion, however,
 

only 18 percent of the summarized soil tests showed pH levels as
 

low as 5.5 and close to half those tested had pH levels of 6.6
 

or higher. Over alla higher percentage of soils in Ribatejo e
 
Oeste than in the Alentejo were at pH levels of 6.6 or higher
 

(Table 3). However, even in the Santar~m and Setubal subregions
 

of the Ribatejo, soils showing pH levels of 5.5 or lower accounted
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TABLE 2
 

Soil Test Summary Data from
 

The Alentejo, by sub Pegior 1981
 

pHl (H20) 

Number of 4.5 4.6 5.6 6.6 7.6 
Samples or lower to to t? or higher

5.5 6.5 7. rhge 

Sub. Pc ,icn ............... percentage ......................
 

Santiago
 

do Cac6mr 
 171 	 1.8 40.9 30.9 4.1 2.3
 

Portalegre 574 
 0.7 Z.4.0 37.4 18.6 19.3 

fivora 	 520 
 0.2 20.0 49.6 22.1 8.1
 

8eja 	 368 
 --- 18.4 32.3 27.7 21.6
 

SOURCE: 	 Soil tests conducted in laboratry of the Regional
 

Director of Agriculture, Alentejo.
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TABLE 1 USE CJ!ACI'IY OF SOILS IN TIiE ALENTJO 1 

USE CLASS
 

SIJB-REGION A B C D E TOTAL3/ 

Portalegre V 15413 
 33724 59474 113004 107254 328869 

2/ 13363 60374 140332 123349 172653 510071 

S. Cacm 8609 21847 498,16 160840 268966 510108
 

Beja 
 60552 106606 147078 163886 365684 843806
 

TOTAL 97937 222551 396730 561079 914557 2192854
 

I/ Source: Direc:,,o Regional do Alentejo,
 

Nlinisterio da Agricultura c Pescas, 

Projecto de Calaqem, Fertilizacdo e Forragens, 1981-1985 -Julho 1981, 
Pagina 3. 

2/ Estimated
 

3/ Excludes Towns and Villages
 



for about 30 percent of those tested.
 

The purpose of soil tests is to determine the amount
 

of lime required to raise the pH of the soil to a given level
 
for production of a certain crop. However, soil tests do not
 
"...necessarily determine wheth
1er or not a crop will respond to
 
an application of lime on a particular soil..." 
1/. This lack
 
of response on some soils suggests that expermental work with
 
particular crops on specific soils is essential in fully under
standing how given crop yields are 
likely to be affected.
 

Noneteless, soil tests and other data suggest that
 
production could be improved in southern Portugal by application
 
of limestone on some soils. But, because required soil pH levels
 
vary by crop, consideration must be given to crops that are 
to
 

be produced as well as to pH levels.
 

Profitable use of limestone in southern Portugal will
 
generally require significant changes from traditional cultural
 
practices and farming systems according to extension personnel,
 
representatives from "he World Bank project and others who are
 
knowledgeable about agriculture in the region. For example,
 
traditional crop rotations may include 2 years of cereals such
 
as wheat and oats, followed by unseeded natural pastures for 2
 
to 5 years or longer. These natural pastures require almost no
 
purchased inputs and farming risks are minimal. Under such a
 
traditional extensive cropping system,neither the cereals nor
 
the natural pastures have been shown to respond significantly
 
to limestone. Thus its 
use would not be expected to be profitable
 

1/ Dahnke, William C.Report to PROCALFER Coordinating Committee,
 
1981, p. 11.
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TABLE 3
 

Soil Test Stnumary Data from 

Ribatejo e Oeste, by Sub Region, 1981 

pH (H20)
 

Nunber of 	 4.5 4.6 5.6 6.6 7.6 
Samples 	 or lower to to to or higher 

S.S 6.5 7.5 

Suh Region .................... percentage ................ 

Caldas 
Rhainha 1014 1.8 17.8 20.9 21.0 33.5
 

'kinterrn 1047 
 1.4 30.6 25.9 8.4 33.7
 

ietfbal 
 499 29.9 36.5 19.0 14.6
 

Tomar 881 2.5 24.2 
 21.1 14.4 37.8
 

SOURCE: 	 Soil tests conducted in laboratory of the Regional 

Director of Agriculture, Ribatejo e Oeste. 
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and would not increase. Demand for limestone would likely
 

remain near zero.
 

Currently, efforts are underway to introduce changes
 
in farming systems that involve greater use of improved pastures, 
especially subterranean clover. This change would allow more
 
livestock (perhaps double or triple current levels). Some farms
 
that have not had livestock could support them under the 
imoroved farming systems. Also, because the subterranean clover 
is a legume it can add to soil nitrogen and imprcve soil
 
fertility. Where soLls are relatively acid, introduction of 
subterranean clover has been sho%::n on demonstrat,'n plots to 
benefit from or even require use of limestone. Thus, as pastures 
are improved limestone demand is exoected to grow. 

Because use of limestone allows major changes in 
production practices, farm budgets show substantial change with
 
the addition of subterranean clover. An example farm budget for 
a farm in the concelho de Sarroncos indicated that receipts 
would be nearly 1300 centos higher while expenses would increase 
by less than 740 contos. Thus, there would be a gain of about 560 
contos for the farm. It should be noted, however, that the
 
expected gain required both improvement of pastures and addition
 
of cattle. Limestone use without other changes would not be
 

expected to be profitable.
 

Demand for Limestone
 

Determination of the need for limestone 
to improve crop
 
yields,as has been suggested, is extremely complicated. Moreover,
 
some understanding of yield response is implied in estimating
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demand. But the question of demand--amounts that would be
 
purchased at various limestone nrice levels--includes even more
 

difficult questions.
 

Farmers can generally be expected to use limestone to
 
the extent that it pays them to do 
so in an economic sense. That
 
is, the value of additional output due to the use of limestone
 
must exceed the cost of obtaining, transporting and spreading 
it. And to the extent that funds are limited, the farmer must 
choose from among 
all factors of production (lime, fertilizer,
 
improved seeds, new machines, improved breeding stock, etc.)
 
those that provide the greatest return Der unit of cost. His
 
choices 
are even greater and more complicated when possibilities
 
for major changes in production systanis are involved, as they
 
are in Portugal. He may also wish to 
celate his farm production 
decisions to his family consumption decisions. Forther, the many 
uncertainties faced by farmers in choosing the most profitable 
actions can be expected to cause t.,em to use less limestone than
 
might othe-wise appear to be profitable.
 

Current Use of Agricultural Limestone
 

Despite evidence of acid soils and the potential for
 
yield increases, little limestone is used in southern Portugal.
 
Visits to limestone plants generally confirm that demand has been
 
quite limited. The Montemor-o-Novo plant sold 800 tons of
 
agricultural limestone and 500 
tons were sold from the Santiago
 
do Cacemplant in 1981. Other plants may have sold small amounts,
 
but the totals would be extremely small in relation to the areas
 
that might be treated.
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Besides use of agricultural limestone one exzample of
 

use of residual P5 dc Pedr'a from limestone rock crushing was
 
found. This 
 sale of 152 tons of P5 de Pedra from the firm of 
jos6 Marcus o ala, Lda. in Sesimjra, identified as being 
for agricultural use, was to a 1300 hectare agricultural 
production cooperative in the Alentejo. The cooperative was 
contacted Lo on IcI wastMii ctups wn tho lime vvtu&±useu, 
ho. the material .as delivered and spread, and at what rates. 

The cojperatve had used soil tests to determine need. 
One area tested rnU 5.9 and was treated. Other areas all tested 
pH 6.6 or hi.he and :ere not treated. The liming material was 
delivercd to "he cooperative b-. the limestone nlant and two tons 
Der hettare "ere road with a cent .ifuc.a! spreader mounted on 
the back of the roernerali'e'; farm tractor. Crops being produced 
on traed soiIs we-e MX:.erranean clover, corn and sorghum. The 
[rnrauct .:as:lantpurchased t price of 50esc/ton. Transportation 
for" 220 kilometers to the farm added 650csc/ton, for a delivered 
price of 700esc/ton. 

Anticioated Use of Agricultural Limestone
 

Estimates of limestone use during 1983-86 were developed 
in cooperation with Regional Services Staff for each of the three 
regions of southern Portugal - The Alentejo, Ribatejo e Oeste, 
and the Algarve (.Maps 1, 2 arid 3). The estimates revise those 
made earli.er as shown in the report Procrama de Calaqem, Ferti
iizacao c Forracns 1/. These later estimates take into account 

l/ PROCALFER, Aid Acrict'iture Proram 1.981-1985 - Part 2
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the status of the limestone program and developments since the
 
earlier ones were prepared. Consideration was given by Regional
 
Services to various factors including crops and forages to be
 

produced on treated land, predominant soils in the area, the
 
need for and availability of extension education programs, and
 

necessary changes in farming sytems.
 

The region of Alentejo is expected to becom; the major 
user of acricultural limestone--accounting for close to 90 percent 
of anticipated in south. Within theuse the Alentejo, improvement 
of forage production is clearly the primary objective. For the 
entire region, close to 85 pei'cent of tho hectares to be treated 
would be in subterr'anean clover (Table 4) Subterranean clover. 
in the 1vora subr.;ion is seen as accounting for about 95 percent 
of treated land. In Santian;o do Cac~m, a region of more acid 
soils, corn arn crain sorghun arc e:.zpected to account for one
fourth and subterranean clover three-fourth of treated hectares. 

Use of limestone in both the Ribatejo e Oeste and the 
Algarve would also emphasize forarie production. While less 
important than forages, some lands used cerealsfor would be 
treated in the Ribatejo. In the Algarve, essentially all limestore 
use would be on forages. 

The development of subterranean clover as an alternative 
to traditional forages is being encouraged by 
use of demonstr&tion
 
plots in the several subregions. Several of these were visited 
by. the consultants. The goal of the demonstration plots is to 
provide farmers in the nearby areas evidence of benefits to be 
gained by produczion of this clover in combination with soil
 
correction through use of limestone and proper fertilization. To 
•the extent that this demonstration program is successful, use of 
limestone is expected to increase more where demonstration
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TABLE 4
 

ESTIMATE OF AREAS TO RECEIVE LIMESTONE AND FERTILIZER TREATMEN
 

I/
 
ALENTEJO, 1983-86
 

Sub-region 
 Year
 
and Ciop 1983 1984 
 1985 19: , 

............... Ha ................ 

£vora
 

Corn 
 310 480 
 650 925
 
Grain Sorghum 260 
 480 650 
 925
 
Subterranean Clover 9 680 
 19 370 29 023 38 684
 

TOTAL 
 10 250 20 330 30 323 •40 534
 

Beja
 

Corn 
 1 050 2 200 4 050 
 6 250
 
Grain Sorghum 500 1 200 
 2 600 4 500
 
Subterranean Clover 12 450 
 25 000 42 800 50 000
 

POTAL 14 000 28 400 49 450 60 750 

Portalegre 

Corn 1 050 1 725 2 400 2 900 

Grain Sorghum 400 850 2 200 1 600 

Subterranean Clover 6 650 13 300 19 750 26 600 

TOTAL 8 100 15 875 
 23 350 31 100
 

Santiago do Cacem
 

Corn 
 1 175 2 800 5 000 7 000
 
Grain Sorghum 800 1 600 4 000 
 6 000
 
Subterranean Clover 9 288 
 18 564 27 863 37 151
 

TOTAL 11 263 22 964 36 863 50 151
 

TOTAL 
 43 613 
 87 569 139 986 1.82 535 

1/ Based on Proarama de Calacem Fertilizac±-o Q -r-lac"a' a 
(PROCALFER) AID Agriculture Production Program

1981-85, Quadro 4-3
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programs are established. The consultants were 
to~d by Regional
 
Service staff that this relationship was considered in estimating
 

limestone use.
 

Geographical Distribution of Use
 

Anticipated quantities of agricultural limestone use in
 
each of the regions were allocated by subregion to permit
 
development of a distribution- system by subregion (Table 5). For 
the Alentejo, the subregion distribution was based on hectares of 
crops and forages to be treated (Table 4j. About one-third of 
total use in the rcgion would be in Beja, one-foutrth each in San
tiago do Cacnm and f>vora and the remainder in Portalegre. 

The subregion distribution for the Ribatejo e Oeste was 
based on that sho,...,n in uadro 3-1, Projecto de Calaoem, Fertili
zaoao e Forrapens, 1981-K5. That report showed use without 
referance to specific crops. In the Ribatejo, close to half of
 
use is expected to be in the Santar6m subregion and ori third in 
the Tomar subregion. Finally, the relatively small tonnages to 
be applied in the Algarve were divided between the two subregions 
accordina to percentages of pasture areas in the respective 
suoregions. This distribution is shown in Quadro 3-1, .f the 
report identified above.
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TABLE 5 

ANTICIPATED AGFICULTUP4L L.EST0NE USE BY 

SUB-REGION, ,D YEAR l/ 

YEAR 

1983 1984 1985 


- Metric Tons 

Alentejo
 

Santiago do Cac&n 14820 
 27560 39000 


Portalegre 10260 
 19080 27000 


evora 
 13110 24380 34500 


Beja 18810 34980 49500 


TOTAL 5700'0 106000 150000 


Ribatejo e Oeste
 

Tomar 
 2380 5100 6120 


Santarrm 3220 6900 8280 


Setbal 1260 2700 3240 


C-1das da Rainha 140 300 360 


TOTAL 
 7000 15000 18000 


Barlavento 50 340 980 

Sotavento 
 70 440 1240 


TOTAL 
 120 780 2220 


TOTAL 
(All Regions) 64,120 121,780 170,220 


REGION, 

1986
 

-

51220
 

35460
 

45310
 

65010
 

197000
 

6800
 

9200
 

3600
 

400
 

20000
 

1490
 

1890
 

3380
 

220,380'
 

1/ Based on limestone use as estirated by Regional Services for each region.

Estimates were moved for..ard and up dated because of t ,e clapp'ed since the
early estimates .,ere made. Distribution by sub-region in the AI£en tejo were made 
using areas of crops to be treated (Ttble 4 ). In the Ribatejo e Oeste the
distribution was lExsed on that 2h1o,-n in Quadro 8-1, Proecto de Calagem, Ferti
lizaq$o e Furragens, 1981-85, July 1981. 7e distribution of Pastares to be
treated in the .dge~;e were :1isributed hetween the t,,o regions as shc(..,n In
Quadro 3-1, Projecto de Calagcw, Fertilizac:o e Forr ns 191-85,July 1981. 
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V LIMESTONE PRODUCTION
 

Southern Portugal appears to have ample supplies of
 
limestone rock which could be used in correction of soil acidity.
 
However, until now, little use has been made of agricultural
 
limestone, even though crushed limestone is 
produced and used
 
widely in construction. The existing limestone rock crushing plants 
represent a potentially valuable source of limestone for agriculture. 

Location of Production
 

Most of the crushed limestone rock production lies in a 
band along the western part of the country (Mlap 1.). Three 
particularly important limestone rock crushinq areas are Sesimbra, 
to the sou.th of Lisbnn, Alencuer, to the north of Lisbon, and LoulZ in 
the Algarve, near the southern coast. In addition to these major 
areas, a number of other existing crushing plants could help meet 
the ncd. ALD, s92'm! " beenproposais have made for construction of 
additional limestone and marble crushing operations. One large 
producer of construction aggregate from limestone indicated thAt 
Sesimbra and Alenauer areas--areas which could supply much of the
 
south--alone account for half the country's production of crushed
 

limestone rock.
 

Along with the general adequacy of the supply of lime
stone rock there is evidence that it is of high quality as indicated
 
by chemical analyses (agricultural limestone must be at least 85
 
percent CaCO 3 ). In particular, a series of analyses of limestone
 
samples conuducted in a itoratory of the Direcgao-Geral de Extensao
 
Rural, at the request of the consultants on limestone distribution,
 
showed neutralizing values between 95.4 and 101.9 
(Appendix 1).
 
Also,independent analyses supplied by crushed rock producers
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generally showed the chemical quality to be quite good (Apppnix 2).
 

Sesimbra Area
 

In the Santana - SCesimbra and Zambujal - Sesimbra areas
 

there are at least 12 
firms that produce crushed limestone for
 
highway and other construction. Nine of the largest of these have
 
formed a consortium (Britasul) for marketing purposes. Sales
 
statistics maintained for the nine firms show 917,000 cubic 
meters of aggregate sold through the consortium in 1981 (Table 1). 
Assuming 1.4 tons pcr cubic meter, this would amount to 1,283,000 
tons of crushed aggregate of various sizes including the residual--
P6 do Podra. A Britasul price list is provided (Appendix 3). 

It is understood that limestone material used directly
 
in construction activities of the consortium members is 
 not
 

included in Britasul statistics on sales. This view was confirmed
 
in visits to two Britasul member firms. Those visits also provide
 
evidence of types of liming materials that will be available.
 

Teodoro Gomes Alho & Filhos, Lda.
 

This firm,which is in the Santana-Sesimbra area,is a
 
member of Britasul and is 
a major producer of crushed limestone.
 
Marketing is generally within 50 to 70 km of the plant but the
 
company will supply outside that area. The firm uses 
its own truck
 
fleet for delivery. Current production capacity is about 540,000
 
tons/year of crushed rock. While 7 to 
8 percent residual is also
 
produced,much of this is utilized in construction activities of
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the firm. A pile of t -..residual, estimated by an encrineer at the
 
plant to amount to 15,000 tons, was observed by the consultants.
 
The residual product is currently priced at 75 escudos/m3 (54 es
cudos Der ton) . Discussion at this plant indicated that a new line 
with capacity of 50 ton%/hour is to be completed within 10 to 12 

months. It is e ctd tproduce an extremely fine product for 
feeds, paints and other uses. Because it is also exected to meet 
the particle size and chemical requirements for agricultural lime
stone, it can be viewed as a potential source. The price for this 
product has not been established but it may be available for about 
310 escudosim3 (221 escudn'-/tin) -

Jose Marques Comes Gale, Lda. 

Another member of Britasul, this firm is in the Zambujal-
Sesinbra area. Like other firms in the area, it has access to vast 
quantities of high grade limestone--in this case several hundred 
meters de::. The afcrcgate is used in construction engaged in by 
the firm, as '.'ell as being said t:rou, h Britasul. Delivery of 
aggregate may rance un tz 200 km in company owned truck. Production 
of residual Pf do Pedra w.as said acunt to asto much as 20 percent, 
but it is utilized as much as possible and stocks are limited to 
10,000 m3 . Cbservation of the maintenance shop, equipment, and 
other phases of the business sucTcests that zhe operation is up to 
date and efficzerti' operatc . new- line is under construction 
with a target ,:omnpletion date of late October 1982. While the goal 
of producinc construction aggreqate remains primary, the new line 
is e:.:pected to produce 300 m (about 4203 tons) per d-y of limestone 

m iicuLtLtra!that will iqi limestone fineness standards. No increase 
from the current 73 (54 escudos per ton) price is seei 
at this time. Even '.it some increase in price, this material 
offers a potential source which will become available in the 
immediate future.
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Other Sesimbra Area Production
 

The Galo and Alho firms, both with substantial limestone 

crushing capability, are two of the smallest members of Britasul-
when measured by sales through the consortium. Together they 
represent less thaii 16 percent of sales for the nine members. To 
the extent that the types of operation of these two firms that 
were v1isted are similar to the other limestone crushing 
operations in the area, production capacity for aggregate would 
be imressive--cossibly in the four million ton range or higher. 
Also, "..hile only the finer limestone material to be produced frojt 
the new lines of these two firms has been considered it is quite 
likely that additional production capacity for such products 
exists or is being constructed by other firms in the Sesimbra 

area.
 

At least three smaller firms are known to exist in 
addition to 
the member firms of Britasul. Because uo information
 
was developed for them they have not been included in the analysis
 

nor in estimates of limestone crushing capacity. Again this tends
 
to provide conservative estimal:es of supply. 

Alenquer Area
 

Alenquer is an extremely important area in production 

of crushed limestone for highway and other construction. Local 
limestone producers estimate total production in the area of some 
three million cubic meters (About 4.2 million tons) by three large 

and four smaller firms.
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Calbrita I/, located at Alenquer, is one of the three
 
largest crushed aggregate produce-s in the area, producing an
 
estimated 1.4 million tons per year of limestone aggregate.
 
Production is from two quarries 
 located 4 kilometers apart. 
Prices, at the nlant, for these prod2cts range from 245 escudos/m 3 

to 290 escudos/m2 . Appendix 3 shows the prices of all Calbrita's 
products. The normal delivery area for shipments is within 50 km 
of the plant. Shipments are made with 31 company owned trucks.
 

Calbrita is a large producer of residual P6 de Pedra,
 
producing about 20 percent of total production in that product,
 
or about 280,000 tons per year. This product sells for 120 escu

3
dos/m (86 escudos/ton) . About 50 percent of the residual P6 de 
Pedra is sold, mostly for use in highway construction, but there 
are about 50,000 m3 on hand. 

Small cuantit.es of the rcsidual P6 de Pedra have been 
sold to Praclutoi-a de Silica at BEcelas 2/. This firm buys P6 de 

Pedra from Calhri ta and, thlou.h the use of a haimmermill and 
.mneura-ic s e.'. roauces two limestone products differing cnly 
4n :.:n .... sc pr.ucts are sold as agricultural limestone 
or :o the animal feed industry. The coarser product (Agrir6) sells 
for 980 ercudos/ton; the finer product (C;grical) for 1,000 escu
dos/ton. Sales of these products in 1981 amounted to about 3,300 

tons.
 

1/ Sociedade de Britas de Ricardo Pereira & Filhos, Lda.
 
2/ This firm has submitted to the PROCALFER Coordinating Group

and IFADAP a joint project proposal with Solubema to produce

agricultural limestone from marble waste 
in the Vila Viqosa-
Porba - Estremoz area. For discussion of this proposed pl, t 
see page 43. 
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Visits at the Calbrita plant showed that seams of lime
stone being mined were mixed with subsoil which may affect the 
quality of residual material. However, chemical analyses requested 
by the consultants failed to show any real difference from those 
in other areas of the country (See discussion Onoage 50 ) Calbri-. 
ta estimates a selling price of about 2.10 2scudos/m 3 (172 escudos,/ 
ton), if a hammermill were added to the plant to produce 
agriculcural limestone meeting the minimum fineness 
 tests.
 

Lou16 Area
 

Another major limestone aggregate procdction area with 
considerable potential is Lcul6. At least three Limestone aggre', 
producers are in this area. If the matteria. is or can 1e made iP. 
a product of satisfactory aualit, the aea can, in the future, meoh 
the relatively small acricultural limestone needsC!" the Algarve 
and may have the potential--deoending on transpo-tation costs-
of sUplying liming materials to the Alcntejo. 

To avoid overestimation only the three firms known to 
be producing in this area will be described and later used in
 
estimating potential availability of liming materials.
 

Betecna
 

Betecna is the largest concrete producer, in Portugal. 
Its operation at Loule is a new plant with capacity of about 

3500,000 R1 per year (about 700,000 tons) . The plant is currently 
testing its newly constructed, plan:. Although there are no plans 
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to produce agricultural limestone, the plant may have the
 
capability to produce at relativaly,low cost /.
 

ECOB (Empresa Comercial de Oleos e Bagaqos, Lda.)
 

This plant, with limestone aggregate production capacity 
of about 288,000 tons per year, currently produces no agricultural 
limestone. Hiowever, a chemical analysis of a sample of residual 
P6 de Pedra from the plant compared favorably with that from other 
major producing areas. The potential interest in the plant is in
 
utilizing some of 'the e.:tremely large stocks of P6 de Pedra as 
liming materials either in its current form or with further
 
processinq. No local market 
 exists and available stocks are 
acrowincr 4/_ 

Jos& Marnues Gomes Galo, Lda. 

Th. Galo plant, owned and operated by one of the firms 
that also crushes limestone rock in the Sesimbra area, is smaller 
than some of the others. According to Eng. Galo, the plant is 
producing about 100 m3 (140 tons) of residual material per day
 
that was said to rnet mini:jm.n, standards. This product is currently 
available at 5C escudos per m (See Appendix 3 for a complete

3 

price list).
 

3/ See James Smith report to PROCALFER, June 1982.
 

4/ The Scmith report indicates production of P6 de Pedra at rate of 
600 tons/day.
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Rio Major Area
 

Because of its litmestone reserves, e:istinq limestone 

crushing operations, and location, the Rio Maior area supplies
 

limestone to the North and is being considered for its potential
 

of also supplying to the South.
 

Sitrol
 

This plant produces limestone for the glass and feed
 

industries, and is a major supplier of bagged agricultural lime

stone to the North at a current price of 980 escudos per ton. 
Assuming a cost difference of around 330 escudos per ton for bag(T, 
the plant price for bulk limestone would be near 650 escudos per U). 

Betecna 

Betecna has developed limestone quarry and crushing
 

operations in the Rio Maior area as a scurce of material for cement. 
At Rio Maior, the firm has production capacity of 200,000 m3 iear 
(280,000 tons) of crushed rock. Most of rhe residual P6 de Pedra 
is utilized in ccncrete oroduction. Thus, current reserves are 

3
limited to about 10,000 m (14,000 tons). While supplies are not 

large relative to other plan ts, the residual product is available 
3
at 350 escudos m (250 escudos/ton). 
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Oeiras
 

Betecna
 

Betecna, the large concrete firm that operates in the
 
Rio Maior and Loul& areas, has a limestone rock crushing plant
 

at Oeiras with caoacity of 200,000 m3/year (280,000 ton/year).
 
Residual materials,which are mostly used in cement,are priced at
 

3
350 escudos nt (250 escudos/ton).
 

F~tima
 

The Quisselgur plant produces and sells construction
 

aggregate for 380 escudoF/m 3 
or 317 escudos per ton. Production
 

of crushed rock is estimated at 600 to 800 tons per day, one
 
third of which is now considered to be residual waste. In January
 
1982, an 80 ton per day operation was established to orocess the
 
waste into agricultural limestone. Annual production capacity is
 
about 21,000 tons per year. Sales of 7,000 
tons during January -

April 1982 have been to farmers and one cooperative within 50 km
 

of the plant.
 

A separate company, Quisselgur "B", has been established
 
to produce agricultural limestone using waste product from the lime
stone rock crushing operation of Quisselgur "A". The waste product
 

3
is sold to Quisselgur "B" for 60 escudos/m or 50 escudos per ton.
 
Although no bulk limestone has been sold, it is priced at 800 es
cudos per ton. Bagged limestone is priced at 900 escudos per ton.
 
Plans exist to expand the Quisselgur "B" operation to produce 

105,000 tons per year of agricultural limestone.
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Montemor-o-Novo
 

The Jose Manuel dos Santos ibe plant near Montenior 
(Santiago do Escoural), though relatively small, is situated near
 
areas of potential demand. The plant can crush about 240 m3 
of
 
limestone rock per day but weather and quarry conditions limit 
limestone aggregate production to 135 days per year or 32,400 m3 

annually (about 45,000 tons) . One fourth of this, albout 11,000 
tons, is screened residual. In 1931, 00 tons of this material, 
which is available at 759 escudos and 506 escudos per ton in two 
grades of fineness, were sold. Results of screening tests conductdm 
at the request of the consultants showed the finest of these 
materials to essentially meet Portuguese agricuturll limestone 
finer.ess standards--the cLosest of any r:sidual oroduct sampled. 
The consultants -..ere tAld t*',at :orduation off screened limestone 
could be increased by reducing output of construction aggregate. 
Stocks of residual materials amount to about 3,000 to 9,000 tons. 
Delivery of products is generally in company trucks within 50 km 

of the plant. 

Serpa
 

This marble crushing plant is used primarily for 
production of limestone to improve forage production on forest
 
lands. It could supplement other suppliers in the near-term by 
10,000 or more tons of limestone per :vear. However, because of 
its age and condition, the plant probably does not represent a 
reliable source in the longrun unless significant investment is 
made. The limestoneis priced at 400 escudos/ton. 
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Santiago do Cac~m
 

This plant produces a small quantity of agricultural
 

limestone, althougjh the main emphasis is on production of
 
construction aggrc(ate. The agricultural lmo.tone 
is priced at 400 escudos per ton. Production capacity is about 
8,000 tons oer year. However, only about 500 tons of agricultural 

limestone were sold in 1981. 

Portalegre
 

This proposed Plant could produce either calcitic or
 
dolmitic limestone. It would produce construction aggregate as 
well as 
ar;ricultural limestone. The acrricultural limestone would 
be procducd fIrom residual of the cons truction agrecgate u:-3duction 
which is escudos to. 7. though escudos per tonat 0.,240ic] per 800 
for agricult:ral limestone been su-uested, there reasonlhas is to 
believe that a ;.er pice ::icTht be more aporopriate. The consult
ants estiated a -rice of 4,00 escudos/ton based on the ari-reoate 
rice of 240 ton plusescudos per 160 escudos for additional
 

Drocessing. Cap.city of 300,000 tons per year of agricultural
 

limestone is estimated.
 

Vila Vigosa - Borba
 

This proposed plant would crush marble waste into
 
limestone with production increasing to 289,000 tons by the
 
seventh year. Because of high fixed costs, prices were seen
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declining as production increases _5/
 

Agricultural Limestone
 
Year Tons 
 Price (escudos)
 

1 19 710
 

2 46 660
 

3 93 415
 
4 185 310
 

5 227 295
 

6 256 285
 
7 289 247
 

The 	James Smith report to PROCALFER expressed the view
 
that the plant was well designed but that because the market is
 
small, quantities were likely to be lower than anticipated and
 
prices wouldnot decline as much as indicated.
 

Estimation of Quantities and Prices of Liming Material
 

The 	estimated prices and quantities of liming material
 
available were developed from information obtained during visits
 
at production plants. These visits included a wide range of lime
stone crushing plant sizes and types. The most typical types of
 
production plants were incluc'd in the survey. The consultants
 
have, in this report,attempted to provide conservative production
 

5/ 	Quantities and prices were obtained from the study of
 
feasibility of this plant Projecto de ProduQao de P6 de
 
Calcareo no Alto Alentejo Para Utilizacao Como Correctivo
 
Agricola, December, 1981.
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estimates. A summary of these estimates is shown in table 2 for 

the three major production areas of Sesimbra, Alenquer, and Loul6, 

where there are several plants, as well as for individual plants 

at other locations. 

Details on the estimates for the Sesimbra, Alenquer
 

and Loul areas follow:
 

Sesimbra Area
 

A. Price:
 

Residual P6 de Pedra = 75 escudos/m 3
 

at 1.4 tons/m 3 = 54 escudos/ton
 

(see Britasul price list, Appendix 3)
 

Fine limestone material 310 escudos/m3
 

(Approximation by plant operator)
 
3
at 1.4 tons/n = 221 escudos/ton 

B. Estimated production:
 

- Information from Firm of Teodoro Gomes Alho & Filhos,
 
Lda.
 

Production of residual P6 de Pedra: 

250 tons/hour x 9 hour day 

240 days per year 

= 540,000 ton/year Crushed Rock 

Assuming 10 percent P6 de Pedra 

= 54,000 tons per year 
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TABLE 2 

PRICES, PRODUCTION AND STOCKS OF LIMING LWTERIALS 

SOUCE OF SUPPLY RI'SIDUAL 

(P(5 DE PEDPA) 

PRICE 

LiMESTONE RES IDUAL 

(PO DE PEDRA) 

PRODUCTION 

LIMESTONE 

S'TOCKS 

PO DE PEDIA 

* 

Sesimbra area 54 

Alenquer area 86 

Loule area 60 

Rio \bior 250 

Ociras 250 

Moitemor-o-Novo 506 

Fatima 50 

Serpa -400 

Sant iago do Cacim -

I/ 'IisModuct essentially meets 

in this form. 

ESC/TON 

limestone 

221 

-

-

650 

-

759 

800 

400 

standard. 

420 000 

210 000 

133 000 

28 000 

28 000 

11 000 

-

-

-

A share of the 

TONS 

209 000 

-

-

-

-

-

9 000 - 18 000 

105 000 by 1983 

10 000 

8 000 

11 000 tons of residual 

TONS 

75 000 

70 000 

100 000 

14 000 

14 000 

8 000 

60 000 
100 000 

could be 

SOURCE: Visits by consultants to Ii'estone plants.
 



- Information from Firm of Jos6 Marques Gomes Galo, Lda. 

Production of residual P6 de Pedra:
 

112 tons/hour x 11 hour day
 

240 days per year
 

= 295,680 tons/year crushed rock
 

Assuming 10 percent P6 de Pedra
 

= 30,000 tons per year
 

-. Combining for above firms
 

54,000 tons + 30,000 tons
 

- 84,000 tons P6 de Pedra
 

Sales of above two firms through Britasul in 1981
 

= 143,595 m 3
 

3
Total sales through Britasul = 917,408 m (See table 1)
 

Thus: 	 143,595 15.6 percent of Britasul
 

917,408 production
 

Conservatively these firms are assumed to account for
 
20 percent of Britasul production. If they account for
 

84,000 tons P6 de Pedra then:
 

84,000 = 420,000 tons estimated P6 de Pedra from
 

.20 Britasul.
 

This estimate should be conservative because:
 

1. It 	ignores 3 small firms.
 
2. 	The assumption of 10 percent residual P6 de Pedra
 

from crushing limestone may be low.
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Production of limestone meeting standard:
 
(100 percent less than 2 mm; 75 percent less than
 

o.71 mm)
 

Potential production when new lines 
are installed:
 

Alho plant (within 10-12 months):
 

50 ton/hour 

250 9 hour days/year 

= 108,000 tons/year 

Galo plant (October 1982)
 

420 tons/day
 

.101,000 tons/year
 

Total limestone production 2 plants only
 

108,000 + 101,000 = 209,000 tons/year
 

Stocks of residual P6 de Pedra estimated at 75,000 tons
 
including -nly observed stocks at three locations.
 

Alenquer Area
 

A. Price:
 

Residual P6 de Pedra = 120 escudos/m 3 

at 1.4 tons/m 3 = 86 escudos/ton
 

(see Calbrita price list Appendix 3)
 

B. Estimated Production:
 

- Information from firm of Calbrita 
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Production:
 

5,600 ton/day (Assumes 1.4 tons/m 3)
 

250 days per year
 
= 1,400,000 tons/year crushed rock
 

Assume 10 percent P6 de Pedra
 

= 140,000 tons/year
 

Calbrita plus other companies in Alenquer are said by
 
local producers to account for three million m3
 

(4.2 million tons/year). Assuming 10 percent P6 de
 

Pedra = 420,000 tons/year. Calbrita product may include
 

materials other than limestone and would thus be of
 
lower quality. It would therefore need to be tested.
 

Also because other uses exist the price for P6 de 
Pedra is somewhat higher. 

Stocks of residual at Calbrita were estimated by
 
3
plant officials at .50,000 m (70,000 tons). 

Loul6 Area
 

A. Price:
 

Residual P6 de Pedra 60 escudos per ton 

At the Galo plant the present price is '38 escudos 

(Appendix 3).
 

B. Estimated Production:
 

Production includes that of three firms - BETECNA, ECOB,
 

and'GALO.
 

3
BETECNA estimated production at 500,000 m per year;
 
3
at 1.4 tons/m that is 700,000 tons. At 10 percent
 

production of P6 de Pedra = 70,000 tons/year. 
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ECOB (Empresa Comercial de Oleos e Bagacos, Lda.).
 
Production was estimated at 1200 tons per day or
 
288,000 tons per year. 
(James Smith report to
 

PROCALFER). Assuming 10 percent P6 de Pedra 
= 

29,000 tons per year.
 

JOSr MARQUES GOMES GALO, Lda. Production plant at
 
Loul6. Production was at the rate of 100 m 3 per
 

3
day of P6 de Pedra. Assuming 1.4 tons/m , this
 
would amount to 34,000 tons per year.
 

Sum of three firms
 

70,000 + 29,000 + 34,000 
 = 133,000 tons/year. 

Stocks of residual were conservatively estimated based on consult
ants observation at ECOB plant plus estimate by plant operator.
 

Alternative Liming Materials
 

Because of the extremely large quantities of residual 
P6 de Pedra available in Southern Portugal, the question was 
considered of whether this residual might be used in larger 
amounts to provide the same soil neutralizing effect as 
limestone
 
meeting the standard (100 percent <2 mm; 
75 percent<0.71 mm).
 
Eight samples were taken for analysis. Both screen size and
 
chemical analyses were done 
(Table 3). All of the samples rated
 
well in the chemical analysis 
as indicated by the neutralizing 
index provided by the laboratory; exceeding 95 percent for all 

samples. Thus, if ground sufficiently fine all would be expected 
to be satisfactory liming materials. 
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Materials ground finer than the standard may have greater
 
neutralizing effects than the standard and can 
therefore be
 
used in smaller quantities.
 

One of the samples, a screened residual from the Mon
temor-o-Novo plant, essentially met the limestone quality
 
standard. All others included higher proportions of large
 
particles 
 and would require further processing. Alternatively,
 
more of the residual product per hectare might be used.
 

To estimate additional quantities of residual lime
stone materials that might be required the AGLIME CONVERSION
 
TABLE included with the James Smith report was adopted (Table 4).
 
Lime quality indexes were computed for the eight samples (last
 
column table 3). 
 These indexes provide an estimate of amounts
 
to the various products that might be required 6/. For example,
 
the 	one sample that essentially met the Portuguese limestone
 
standard had an index of 1.0, 
suggesting that for each ton of
 
limestone required to cor'.ect 
soil acidity only one ton of this
 
screened residual would be required. In contrast, several samples
 
had a computed index of 1.4. 
These would require 1.4 tons to
 
produce results similar to one 
ton 	of the finer product.
 

6/ 	Although the AGLIME CONVERSION TABLE was develooed for the
 
United States it appears to provide a good approximation

for 	Portuguese standards. For more precise analyses, the
consultants suggest that a similar index be developed

relative to Portuguese limestone standards.
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SUMMRY OF TESTS 

TABLE 3 

OF RESIDUAL (P0 DE PEDRA) 

Limestone 

Plant 10 

Screen Size 1/ 

10- 25-

25 60 

60 Mesh 

Neutralizing 

Index !/ 

Lime 

Quality
Index

------------------------Percent------------------

Mon temor-o-Novo 
(Sample 1) 17.6 33.2 21.0 28.2 96.4 1.4 

] 
Mon temor-o-Novo 

(Sample 2) 2.9 22.6 26.1. 48.4 96.4 1.0 

Lou !r. 
ECOB 6.3 43.8 25.5 24.4 105.0 1.4 

Alen cuer 
Calbrita (Sample 1) 30.5 36.6 14.9 18.0 104.4 1.6 3/ 

Alenquer 
Calbrita (Sample 2) 27.6 32.1 15.8 24.5 103.4 1.4 

Sesinbra 
Alho 32.4 34.0 21.2 12.4 95.4 

3/ 
1.6 -

Sesimbra 
Galo 19.5 29.9 20.4 30.2 106.4 1.4 

Cont ... 



Limestone 

Plant 10 

Screen Size 1/ 

10 - 25 

25 60 

60 Mesh 

Neutralizing 

Index 1/ 

Lime 

Quality
Index 

----------------------- Percent------------------

Oeiras 
Betecna 49.5 21.9 6.7 21.9 107.9 1.6 -

/ 

1/ Tests at request of Consultants by laboratory of Direcgao-Geral de Extensao Rural 

(See Appendix 1 , for actual test results). 

2/ Based on "AGLIME CONVERSION TABLE" (Table 4 ). 

3/ Approximations. 



AGLIME CONVERSION TABLE FOR DIFFERENT LIME QUAITY INDEX ZONES 

Lime Zones of Lime Quality According to 'Lime Quality Index" Values
 

Recommendation
 

(t6ns/A.) 40-49 50-59 60-69 70-79 80-89
j 90-99 100-109+
 

1 1.4 1.2 1.0 0.9 0.8 
 0.7 0.6
 

2 2.9 2.4 2.0 1.7 1.5 1.4 1.2
 

3 4.3 3.5 3.0 2.6 2.3 2.1 1.9
 

4 5.8 4.7 4.0 3.5 3.1 2.7 2.5
 

5 7.2 5.9 5.0 4.3 3.8 3.4 3.1
 
Ln
 

6 8.7 7.1 6.0 
 5.2 4.6 4.1 
 3.7
 

7 10.1 8.3 7.0 6.1 5.4 4.8 4.3 

8 11.6 9.5 8.0 6.9 6.1 5.5 5.0
 

9 13.0 10.6 9.0 7.8 6.9 6.2 5.6
 

10 14.4 11.8 10.0 8.7 7.6 6.8 6.2
 

Lime Quality = [(8-20 mesh x 0.2) + (20-60 mesh x 0.6) + (less than 60 mesh x 1.0) lx [%CaCO 3]
 
The soil tests report tonnage of lime to apply for lime having a lime quality index zone of 60-69.
 
To determine the equivalent of lime material above or below this zone, shift to 
the left or the
 
right on the same lime on the conversion table.
 

For example: Soil Test Report says; Lim, need is 
6.0 Tons/H. For lime materials in 60-69 lime

quality index zone apply 6.0 Tons/I!a. For lime in the 50-59 lime quality index zone 7.1 tons should
 
be applied and for lime in the 70-79 lime quality index 
zone apply 5.2 Tons/Hectare.
 

Adapted from table provided in James Smith report to Procalfer, June 1982.
 



Bulk Delivery System
 

The organization of agriculture in Southern Portugal,
 

the topography, the relative ease of truck transportation and
 
access to farms, availability of spreading equipment and reduced
 
production and handling costs, all suggest the Possibility of a
 
bulk agricultural limestone production and distribution system.
 
Such a bulk system would contrast with the bagged system in ustc 
in the North. The limestone distribution study for the North
 

proposed the bagged system now in use "...due to the small size
 
and difficult accessibility to isolated farms..." 7/.
 

In contrast with the North where farms mostly veryare 
small and difficult to reach by truck, much of the south is in 
larger units. Although the fields arc not always level, southern
 

farms are more frequently accessible by truck. Besides the 
relative ease of access, the larger farms in the South 
can more 
often utilize limestone in truckloads rather than the smaller 
quantities that might be obtained in bags. Further, discussions 
with farmers and Extension personnel not only indicated their 
preference for bulk agricultural limestone but also suggested
 

that equipment is generally available for spreading 8/.
 

7/ Lauth, James H. and others, Agricultural Distribution Study
 
for Northern Portugal, February 1981.
 

8/ The consultants observed farmer owned equipment of two types;

(1) Tractor mounted 750 kilo spreaders, and (2) four ton
 
trailer type spreaders for use behind farm tractors. Spreaders 
were also a)bserved at local machinery dealers. 
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Use of bulk limestone also eliminates bagging costs
 
of 250 escudos to 350 escudos per ton and allows use 
of dump
 
trucks which can he gravity loaded at production plants and
 
dumped at destinations,with handling costs near zero.
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VI TRANSPORTATION SYSTEM
 

Truck Cost And Capacity
 

The efficient transportation of agricultural lime
stone by truck in the south will be dependent on both the high
way infrastructure, its quality and location, and the motor
 
carrier fleet itself. 
 The operating characteristics of this
 
mode are based on costs of operation, the capacity of the
 
trucking industry, and the tariffs or rates charged by the
 
truckers. The performance is further dependent on the incidence 
of backhaul, amount of annual mileage attained by the trucking
firm and competition among truckers as well as with the railroad. 

This section will analyze the capacity and cost
 
structure underlying the trucking industry in 
southern Portugal.
 
The capacity will be evaluated by examining the highway infra-. 
structure and the existing trucking fleet. 
Costs will be computed 
and evaluated relative 
to rates existing in the south and then 
compared to the northern experience. Specific attention is paid 
to the impact of increased backhaul, annual mileage or variable 
cost pricing on the cost/rate structure. Potential benefits of
 
shipper or cooperatively owned equipment ar. 
 then considered.
 

Both financial and economic costs of transportation
 
are developed. Financial costs include duties and taxes paid 
while economic costs ignore these items 
as being transfers with
in the national economy. As indicated earlier, mcvement by bulk 
is expected to be the overriding characteristic in the south and 
.s a basic assumption of this analysis.
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Ilfighway Infrastructure
 

The highway infrastructure in southern Portugal
 
(Regions 5, 6 and 7) is undergoing some improvements and changes
 
that may improve the capability of the highway system to move
 
increasing amounts of traffic. 
The existing system is summarized
 
in Table 1. Continental Portugal had over 50,700 kilometers of
 
roads of all types existing as 
of 1978, the last year of complete
 
data available to the consultants at the time of this study. Of
 
those roads, 19,316 kilometers or 38.1 percent are located in the
 

southern three regions.
 

Forest roads are not very important to the southern area
 
since over 87 percent of the forest roads 
are located in the north.
 
On all other road types the souti has a fairly consistent 36-44
 
percent share of the country's roads. Forty-four percent of the
 
national highways are 
located in the southern area. It does appear
 
that the southern region and its subregions have a fairly well
 
distributed road systern.
 

Operating speeds achieved by trucks are affected by land
 
use around the road, alignment and pavement type. 'A survey trip
 
showed the terrain in the south is zolling with most traffic
 
expected to be 
on paved roads. This results in identified average
 
truck speeds of 70 kilometers per hour in the Ribatejo e Oeste 
and Alentejo (Regions 5 and 6). The sharper alignment and 
different pavement condition in the Algarve cause operating speeds
 
to be 55-60 kilometers per hour in that region.
 

Map 1. indicates the existing highway system, the projects
 
under construction, and those that 
are under study for construction.
 
The map is for 1979 but,according to highway planning officials,it
 
still reflects the current directio-, of construction efforts. The
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TABLE 1 

HI WAY NEIWORK OF SOURIRN PORTUGAL, BY ROAD TYPE AND DISTPICT, 1978 

DISTRICT HIGNWAY (ESTRADA) MUNICIPAL FOREST ROADS TOTAL, 

NATIONAL MUNICIPAL TOTAL ROADS' (VIAS FLORES- ALL 

(CAITiiiOS MU- TAIS) ROADS 

CIPAIS) 

(KI LO=S)ERS) 

Beja 1 332 706 2 038 746 62 2 846 

ivora 972 557 1 529 508 13 2-050 

Faro 848 548 1 396 6?. 39 2 059 
co "Leiria 921 5R5 1 506 694 256 2 456 

Lisboa- 1 048 839 1 897 556 140 2 583
 

Portalegre 915 503 1 418 814 25 2 257
 

SantA m 1 254 1 179 2 433 729 37 3 199
 

Set-Gbal 1 023 418 1 441 394 ,31 1 866
 

TOTAL - SOUTHERN 
PORTUJGAL 8 313 5 335 13 6t48 5 065 603 19 316 

TOTAL - CONITINEN 

TAL POMTUGAL *-18 685 14 949 33 6341 12 326 4 749 50 709
 

FERCENT 44.5 35.7. 40.6 41.1 12.7 38.1 

SOURCE:. Data calculated from Estatfsticas dos Transportes e Catunica 5es, 1979, 
issued by the Instituto Nacional de Estatistica, p.18.
 



principal activities on construction in the south are a bypass
 
around Grandola and significant improvement to the Loul& 
-
Ourique highway segment. Additionaly, Montemor-o-Novo and
 
Estremoz are receiving new bypasses as well as substantial up
grading of the highway east toward Madrid.
 

Other constraints exist on some of the potential'
 
origin - destination combinations for limestone movements. 
 On
 
movements from the Sesimbra area the entire town of Santana is a
 
critical bottleneck to traffic flow as well as having several
 
120 - 160 degree turns necessary to access the freeway. Although
 
a "bypas is presently under consideration by officials in the
 
Santana area, it will probably not 'ne in existence by 1986..
 

Unfortunately, no information, other than truck cost
 
estimates, was made available to. the consultants from the Kamp
sax National Transportation study, the National Highway Plan by,
 
Freeman Fox Associates, or the Railroad Feasibility Plan by
 
Canadian Pacific Consulting Services, Ltd. 
 Thus, the identified
 
highway improvement projects had to be verbally obtained from
 
planning officials in a rather piecemeal fashion. 
 If and when
 
these three studies are accepted by GOP and made public,
 
consultants have been promised that they will receive copies and
 
background documentation.
 

In any case, the marginal impact of agricultural lime
stone movement on traffic densities should not be large. For
 
example, in the Montemor-o-Novo area,shipments of 10,000 tons
 
could be originated. With an average of 25 tons per truck, 400
 
truck trips would be required or less than 2 a day during the
 
year. In the Sesimbra area, a possible movement of 150,000 tons
 
could be expected by 1986. Assuming the same load factor, 6,000
 
truck trips might be necessary to move this tonnage. Even this
 
large volume out of one specific area would only generate about
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3 truck movements per hour. When traffic densities on specific
 

origin destinations are made available from those recent
 
studies identified earlier, more precise analysis of traffic
 
congestion will be possible. In total, the marginal effect
 

is expected to be small.
 

Trucking Fleet in Portugal
 

In addition to evaluating the physical capacity of
 
the highway infrastructure in Portugal, it is also necessary to
 
evaluate the capability of the trucking fleet in Portugal to
 
move agricultural limestone. Precise estimates of the number of
 
trucks are not available,but licensing records of the Direcqao
 
Geral de Transportes Terrestres can be used in an aggregate
 

fashion - /. These operating permits identify the radius of 
cperation and whether the truck operates as a commercial public 
(for-hire) truck or as a commercial private truck. 
 Most trucks
 
in Portugal (96 percent) are registered as private vehicles even
 
though they sometimes are active as for-hire carriers.
 

The total truck fleet in Portugal was estimated, in
 
October 1980, to be about 185,000 with an additional 57,600
 

trailers (see Table 2). Private vehicles are principally small
 
in licensed weight, less than 5,000 kilograms, while the for-hire
 
carriers are larger, generally over 7,000 kilograms.
 

1/ For a complete discussion, see Aqricultural Limestone
 
Distribution Study for Northern Portual, Lauth, Snitzler,
 
and Tosterud, February 9, 1981, pp. 109-113.
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TABLE 2
 

PORTUGAL TRUCK FLEET SIZE, PRIVATE AND PUBLIC, BY RADIUS OF OPERATION
 

OCTOBER 1980
 

Type and Radius CARGO CAPACITY
 
of operation
 

Up to 5,001 Over
 
5,000 Kqs. 7,000 Kgs. 7,000 Kgs. TOTAL
 

TRUCK
 

PRIVATE:
 
Radius-30 km 11,298 2,246 
 2,552 16,096
 

50 km 38,748 
 3,684 5,448 47,880

ICO km 27,387 2,829 5,243 
 35,459
 

No Limit 70,284 1 5 78,071
 

TOTAL 147,717 11,077 
 18,712 177,506 I/
 

PUBLIC:
 
Radius-30 km 548 
 142 379 
 1,064
 

50 km 733 155 
 571 1,459

100 km 1,228 320 1,593 3,141


No Limit 471 135 1
 

TOTAL 2,980 
 752 3,698 7,430 2/
 

PRIVATE & PUBLIC: 
Radius-30 km 

50 km 
11,846 
39,481 

2,388 
3,839 

2,931 
6,019 

17,160 
49,339 

100 km 28,615 3,149 6,836 38,6C0 
No Limit 70,755 2,453 6,629 79,837 
TOTAL 150,697 11,829 22,415 184,936 6/ 

TRAILER
 

PRIVATE: 51,673 3,575 1,329 
 56,577 3/
 

PUBLIC 22 109 710 841 4/
 

TOTAL 51,695 3,684 
 2,039 57,418 5/
 

I/ ExcLudes 825 trucks with capacity unknown.
 
2/ ExcLudes 314 trucks with capacity unknown.
 
3/. ExcLudes i trailers with capacity unknown.
 
7/ ExcLudes 30 trailers with capacity unknown.
 
T/ ExcLudes 147 traiLers with capacity unknown. 
6/ ExcLude 1,139 trucks with capacity unknown. 

SOURCE: Aaricultural Limestcne Distribution Study for Northern PortuaL, Lauth,
 
SnitzLer, and Tcsterud, February 9, 1981, p.110.
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The truck fleet size has increased over time, from
 
81,700 in 1974 
to about 186,000 in 1980 /. The distribution
 

of these trucks is quite even throughout the country. The
 
three southern regions had 52 percent of the total truck fleet,
 
about 93,000 trucks and 29,400 trailers in 1980.
 

The steady growth in trucking capacity in the country
 
indicates that the trucking industry should be able to 
respond
 
to demands for additional transportation generated by the
 
movement of agricultural limestone. The general information did
 
potentially suggest that bulk movement in the south may require
 
additional purchases of large bulk trucks. 
 However, a survey
 
of limcstone producers in the southern three regions indicated
 
that a ±crge number of private vehicles are available, vehicles
 
that are 
presently carrying highway aggregate or construction
 
material. Additionally, most producers stated that for-hire
 
vehicles could be contracted with no difficulty. The exception
 
was in the northern part of the southern region, near Fatima,
 
where it has been traditional to carry limestone, bagged, on
 
flat bed trucks. This firm had experienced a shortage of bulk
 
trucks in the short run 
and had responded by initiating the
 
purchase of two new bulk vehicles.
 

It then appears that agricultural limestone transport
ation in the south of Portugal may be different from the north
 
but should have no capacity problems. The transportation of
 
agricultural limestone in the south will be by private commercial
 
trucks operated by the limestone producers as contrasted to the
 
north where public (for-hire) owner-operators do most of the
 
hauling. The ratio of rates to costs of operation for private
 
carriage by consumers or cooperatives are specifically analyzed
 

later in this study.
 

2/ Agricultural Limestone Distribution Study for Northern
 
Portuqal, Lauth, Snitzler, and Tosterud, February 9,
 
1981, pp. 109-113.
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Truck Operating Costs
 

The data utilized in developing the financial and
 
economic operating costs were principally obtained from a survey
 
of agricultural limestone producers in 
the south. Additional
 
information was received from the Associaq5o Nacional de Trans
portadores Publicos Rodoviarios de Mercadorias and the Rodovia
ria Nlacional. Some of the cost items 
were verified and modified
 
by the cost functions in the Freeman Fox and Partners report.
 
Several of the cost relationships developed by Juan de Weille
 
in Quantification of Road use Savings were used as assumptions
 

in this study.
 

The basic approach is the economic-engineering method
 
of firm cost analysis, essentially a synthesizing of costs for
 
typical firm sizes. The primary assumptions used in the analysis
 
were operating speeds in the southern regions of 55-70 kilometers 
per hour, movement by bulk and not by bags, and typical truck 
sizes of 34 tons and 22 
tons gross vehicle weight (GVW) with
 
respective payloads of 25 
tons and 15 tons.
 

Selection 
of the two truck sizes and types utilized
 
was made, by the consultants, based on the survey of limestone
 
jroducers. These producers had over 190 
trucks in total. The
 
predominant make was Volvo, followed by Scania. 
 Truck sizes
 
used in limestone movement ranged from 4 ton GVW to 
50 ton GVW.
 
The two dominant sizes were 12-16 
tons and 30-35 tons and were
 
all bulk carriers. The general characteristics of the truck
 
types chosen as representative are summarized in Table 3.
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TABLE 3 

G ,EPA.L JAMPACTEJSTICS OF TRUCK TYPES 

I 	 II
 

Gross Vehicle Weight 22 34
 

Peyload in tons 15 25
 

Number of 	axles 3 
 5
 

Ntz.ber of tires 10 
 18
 

Vehicle life in years 8 10
 

Prnual 	 1cmeters 100,000100,000 

PR-n-hase Price (esc.) 5,000 contos 8,000 contos 

Tire cost (l8+spare) 253 contos (10+spare) 437 contos 

Deprecb Value: 

with taxes 4,747 contos 7,563 contos 
wiThout taxes 4,415 ccntos 7,033 contos 

SOURCE: 	 Survey of limestone producers operating truck
 

fleets in Southern Portugal, July 1982.
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Development of Cost Items
 

Cost items can be separated into those that are
 
directly related to,and vary with, the level of production (in
 
the case of transportation this is usually considered as 
annual
 
mileage), and those costs that do not vary with mileage. 
 In
 
the short run, these latter costs are considered fixed and the
 
others as variable. In the long 
run all costs will be variable. 
Short run fixed costs are depreciation, interest charges or re
turn on equity, and insurance. Variable or ascosts commonly
 
called, out-of-pocket costs, include fuel, oil, tires, mainte
nance, and driver'swages.
 

These two trucks use diesel fuel which, in July of*
 
1982, was being sold for 32 escudos per liter at the fuel
 
pump. This ic the financial cost. The economic cost
 
would be 27.17 escudos per liter (32 escudos minus 4.83
 
escudos tax).
 

Diesel consumption by the representative trucks in
 
this study was estimated at 35-45 liters per 100 kilometers
 
for the 22 ton GVW truck and 40-60 liters per 100 kilo
meters for the larger 34 ton GVW truck (see Table 4.) In
 
this study the midpoints of 40 and 50 liters per kilometer
 
werr. used for the 
two sizes of trucks. This consumption
 
results in annual consumption of 40,000 liters and 50,000
 
liters. This is equivalent to a vehicle cost (financial)
 
pier kilometer of 12.3 escudos for the smaller truck and
 
16.0 escudos for the 34 ton GVW. The economic cost per
 
kilometer is 10.87 and 13.59 escudos, respectively.
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TABLE 4 

FUEL CONSUMPTION AND COSTS 

22 ton GVW 34 ton GV 

Liters per 100 3qns 35-45 40-60 

average 40 50 

Annual consumption 
in liters 40,000 50,000 

Annual fuel cost 
(financial) 1,280 contos 1,600 contos 

Tnual fuel cost 
(economic) 1,087 contos 1,359 contos 

Escudos per vehicle )an 

(financial) 12.8 16.0 
(economic) 10.87 13.59 
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Engine Oil
 

The average cost of engine oil was 
85 escudos per
 

liter in July of 1982. Without tax it is about 57
 

escudos per liter. 
 This price, surprisingly, was the
 
same as quoted in December, 1980 
in the study of northern
 

Portugal. Costs probably did not increase because the
 

limestone firms operating in 
the south operate large
 
fleets of trucks and can therefore obtain volume dis

counts on oil purchases.
 

Oil consumption was based on 20 liters per oil
 
change and oil was changed every 6,000 miles for the 
22
 

ton GVW truck and every 5,000 miles 
for the 34 GVW truck.
 

Additionally, 10 
liters are assumed to be added between
 
oil changes for the larger vehicle and 
5 liters for the
 

smaller truck. 
 This results in total consumption of 4.2
 
liters and 6 liters per 1000 kilometers for the 22 ton
 

GVW and 34 ton GVW trucks, respectively. Escudos per kilo

meter for oil consumption were then the following:
 

Financial Economic
 
Truck (escudos) (escudos)
 

22 ton GVW .36 .24
 

34 ton GVW .51 .34
 

Tires
 

Tires for the trucks were estimated to cost 23,500
 

escudos for each tire with 
taxes and 22,045 escudos with
out taxes. The 22 
ton GVW truck requires 10 tires so
 

total tire and tube costs 
for this truck are 230 contos 

with taxes and 220 contos without taxes. Total costs 
of tires and tubes for the 34 ton GVW truck, which has
 

18 tires, are 423 contos (financial) and 397 contos
 

(economic).
 

67
 



Tire wear was estimated from the Juan de ;eille
 

study to be:
 

22 ton GVW 34 ton GVI 

Lifetime speed 48 48 

Tire wear* 6.7 9.5 

equivalent lifetime 
Kilometers per tire 150 000 190 000 

* 	 Total tire wear of the vehicle as wear of 

1 tire per 1,000 km. 

Tire costs were then calculated in the
 

following manner:
 

-Financial:
 

(22 ton GVW)
 

.067 	x 100,000 = 6.7 tires per year worn
 

out.
 

6.7 	tires x 23.5 contos = 157,450 esc.
 

1 = 1.58 esc./km
100,000 annual kilometers 


(34 ton GVW)
 

.095 x 100,000 = 9.5 tires per year worn
 

out.
 

9.5 	tires x 23.5 contos = 223,600 esc.
 

100,000 annual kilometers = 2.23 esc./km
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-Economic

(22 ton GVW)
 

.067 x 100,000 = 6.7 tires per year worn
 

out
 

6.7 tires x 22.0 contos = 143 contos
 
* 
100,000 annual kilometers = 1.48 esc./km
 

(34 ton GVW)
 

.095 x 100,000 = 9.5 tires per year worn
 

out
 

9.5 
tires x 22.0 contos = 209 contos
 
100,000 annual kilometers = 2.09 esc./km
 

Depreciation
 

As indicated in Table 3, the 
financial depreciable
 
value for the 22 ton GVW and 34 
ton GVW was 4,747 and
 
7,563 contos, respectively. The corresponding economic
 
depreciable values were '1,435 and 7.063 
contos. These
 
result in the following depreciation costs per kilometer.
 

-Financial

(22 ton GVW)
 

4,747 contos L 8 years = 593,375esc. L 100,000
 

annual kilometers = 5.93 esc. per kilometer.
 

(34 ton GVW)
 

7,563 contos L 10 years = 756,300 esc.
 

L 100,000 annual kilometers = 7.56 esc.
 

per kilometer..
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-Economic

(22 ton GVW)
 

4,435 contos . 8 years = 554,357 esc. 

100,000 annual kilometers = 5.54 

esc.per kilometer 

(34 ton GVW)
 

7,063 contos 10 years = 706,000 esc.
 

100,000 annual kilometers = 7.06
 

esc.per kilometer.
 

Maintenance
 

Specific estimates of maintenance costs of trucks
 

continue to be very difficult, if not inmpossible, to
 

obtain in Portugal. The method of de.-riving maintenance
 

costs for this -tudy was to update the costs identified
 

in the northern Portugal limestone study, then modify
 

them according to the new estimates made available to
 

the consultants from the Freeman Fox report. This pro

cedure resulted in the following estimates:
 

Financial Economic
 

(22 ton GVW) 4.6 esc/kilometer 4.1 esc/kiloe.ater
 

(34 ton GVW) 5.4 esc/kilometer 5.0 esc/kilometer
 

Driver Time
 

Average wages and benefits for truck drivers do not
 

vary since a national contract has been established.
 

Deviations in monthly salary only arise as a result of the
 

amount of overtime worked each month. Based on a 45 hour
 

week with an average of two hours overtime, nine hours per
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day, the average wages and social benefits paid to a
 
driver was 37,000 esc per month. 
Since the average
 
monthly kilometers was 
8,333 for both truck types, the
 
cost was 4.44 esc per kilometer.. This figure-was double
 
checked by taking an average kilometersper hour of 47,
 
including loading and unloading time, times 4.44 escudos.
 
This estimate was 208.68 escudos per hour, very close to
 
the 205 escudos per hour, figured on a monthly hasis.
 

Interest
 

Debt capital must be .borrowed and interest paid on
 
thiis capital. Equity capital requires a rate of return
 
comparable to other inve.Jtment opportunities. In this
 
study, the market rate of 25 percent was used for both
 
debt and equity capital, based on a range of 23-26 percent
 
in responses from fleet operators.
 

Interest rates were charged against one half the
 
depreciable value of the vehicle since that would be the
 
aVerage value borrowed or invested during the lifetime of
 
the truck. 
 The financial and economic costs were calculated
 

in the following manner:
 

-Financial

(22 ton GVW)
 

4,747 contos x .5 = 2,373.5 contos
 
x .25 = 593,375 esc.per year
 

100,000 annual kilometers = 5.93 esc,
 

per kilometer
 

(34 Lon GVW)
 

7,563 contos x .5 = 3,781.5 contos
 

x .25 = 945,375 esc per year
 

100,000 annual kilometers = 9.45 esc.
 

per kilometer
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-Economic

(22 ton GVW)
 

4,434 contos x .5 = 2,217 contos
 

x .25 = 554,250 esc.per year
 

100,000-annual kilometers = 5.54
 

esc, per kilometer
 

(34 ton GVW)
 

7, 067 contos x .5 = 3,533.6 contos
 

x .25 = 883,403 esc. per year
 

100,000 annual kilometers = 8.83 esc.
 

per kilometer
 

Insurance
 

Most limestone producers operating trucks in southern
 

Portugal do not carry cargo or collision insurance but are
 

self-insurers due to the high cost of this insurance and
 

the relatively low-value cargo being carried. Annual
 

liability insurance per vehicle was estimated by truck
 

fleet operators as 30,000 escudos per year. Economic costs
 

were estimated as 93 percent of these financial costs. These
 

estimates were the same for both sizes of vehicles, .3 escudcs
 

per kilometer (financial) and .28 escudos per kilometer
 

(economic).
 

Total Truck Costs
 

The total costs of operating these vehicles to carry
 
agricultural limestone in the southern regions of Portugal are
 

presented in Table 5. The financial costs for the 22 
ton GVW
 
truck are 35.94 escudos per vehicle kilometer and 45.89 escudos
 

for the 34 ton GVW truck. The economic costs are estimated to
 
be 32.49 and 41.63 escudos per vehicle kilometer for the 22 and
 
34 ton vehicle respectively. Thus, economic costs are about 90.5
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TABLE -5 

FINANCIAL AND ECONOMIC TRUCK OPERATING COSTS IN SOUTHERN PORTUGAL, JULY,
 

Financial: 


Cost Items (esc.) 


Fuel 


Engine Oil 


Tires 


Depreciation 


Maintenance 


Dri'ver Time 


Interest 


Insurance 


TOTAL (Esc. per veh/km) 


Payload in tons 


TOTAL (Esc. per ton/km) 


Economic:
 

Fuel 


Engine Oil 


Tires 


Depreciation 


Maintenance 


Time 


Interest 


Insurance 


TOTAL (Esc. per veh/,km) 


Payload inTons 


TOTAL (Esc. per ton/km) 


TRUCK TYPES
 

22 Ton GVW 34 Ton GVW 

12.80 16.00 

.36 .51 

1.58 2.23 

5.93 7.56 

4.60 5.40 

4.44 4.44 

5.93 9.45 

.30 .30 

35.94 45.89 

(15) .(25) 

2.40 1.34 

.10.87 
 13.59
 

.24 
 .34
 

1.48 
 2.09
 

5.54 
 7.06
 

4.10 
 5.00
 

4.44 
 4.44
 

5.54 
 8.83
 

.28 
 .28
 

32.49 
 L1.63
 

(15) (25)
 

2.17 
 1.67
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percent of financial costs.
 

The cost per ton kilometer is also shown. The
 
financial costs are 
2.4 escudos and 1.84 escudos for the 22
 
and 34 ton GVW vehicles, compared to economic costs of 2.17
 
and 1.67 escudos, respectively. The larger pLyload of the
 
34 ton GVW truck, 25 metric tons, generates greater efficien
cy and causes this vehicle to be the least costly to operate
 
on a ton per kilometer basis.
 

Truck Rate/Cost Relationships
 

Rates charged or revenues received by operators of a
 
trucking fleet must cover all costs 
if capital is expected to
 
be reinvested into the operation over time. 
The rate can also
 
reflect the need for transportation and the existence of
 
competition; collectively, this is the rationale for rate making
 
based on value cf 
service, but many other variables also affect
 
the rate and cost relationship. Distance of the movement, size
 
of load, potential backhaul on the 
return movement; all of these
 
can affect the cost experienced and rate charged.
 

Under pressure from shippers or desire to maximize
 
sales, truck operators could economically offer rates just bare
ly covering short run or out-of-pocket costs. The variability
 
of truck rates is indicated in Table 6. 
When only short run
 
variable costs are considered, the floor for economically justi
fied rate making can be identified. This variable cost is 66
 
and 62 pnrcent of the total 
cost or 23.78 and 28.58 escudos per
 
vehicle kilometer for the 
22 ton GVW and 34 ton GVW, respective
"ly. The total cost for a two-way movement would be 4.8 escudos
 
and 3.68 escudos per ton kilometer, but if short run variable
 
costs are considered, the floor for rate-making can be 
as low as
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TABLE 6
 

TRUCK COST VARIABILITY
 

22 TON GVW 34 TON GVW 

(Escudos)
 

Long run Variable Cost
 
'wr Vehicle km 35.94 45.89
 

Short run Variable i
 
(Out of pocket) Costs
 
per Vehicle km 23.78 
 28.58
 

Percentage 66 
 62
 

Long run Variable Costs
 
per ton km 2.4 1.84
 

Total Cost for two-way
 
movement 
 4.8 3.68
 

Out of Pocket Cost
 
for two-way movement 3.17 2.28
 

1/ Costs excluded are depreciation, interest and insurance.
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3.17 and 2.28 escudos per ton kilometer for the 22 ton and
 
34 ton GVW trucks, respectively.
 

Truck Rates
 

Rate tariffs were obtained by consultants during the
 
survey of limestone producers in the south. 
 Rates are customarily
 
expressed in amount per ton cn the one-way distance. The
 
weighted average of these rates 
was 5 escudos per ton kilometer
 
for one way kilometers. However, the range was quite wide,
 
from 3.0 to 10 escudos per ton kilometer, indicating that some
 
managers may be variable cost pricing to aid sales of limestone
 
while others are trying to realize a profit on both limestone
 
and transportation service sales. 
 These rates, with the exception
 
of the plant at Montemor-o-Novo, fell ix.to the 4.2 to 5.0 escudo
 

range.
 

Rate And Cost Comparison
 

Truck rates and costs are surnarized in Table 7. The
 
cost per ton kilometer for a two way movement is 
4.8 escudos
 
for the smaller vehicle,and 3.68 escudos if the larger vehicle
 
is utilized. The survey of the producers indicated that roughly
 
60 percent of the existing trucks were of the 22 ton GVW size
 
and 40 percent were of the larger s~ze. A weighted average long
 
run variable cost of 4.34 escudos per ton kilometer for a two-way
 
movement was derived. This can be compared to the existing
 
average rate of 5 escudos for the 
same movement; thus, rates, as
 
quoted in the survey,are slightly above costs.
 

The relationship of these rates to costs over distance
 
is detailed in Table 8 and Graph l. 
 The difference or possible
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TABLE 7
 

TRUCK RATE AND COSTS PER TON/KM
 

(escudos)
 

____"___ 

GVW PayLoad Cost/km Cost/ton/kn -/  Rate/ton/km

22 15 35.94 4.80 5.0
 

34 25 45.89 3.68 5.0
 

Weighted
 
Average
 
in South 4.342/
 

I/ Rates and costs are do. tUed to refLect the vehicle return trip with no
 

backhaul.
 

2/ A survey of limestone producers indicated that about 60 percent of
 
existing vehicles were of the 22 ton GVW size and 40 percent were of the
 
34 ton GVW. Thus, the average cost of operating trucks in the south is
 

around 4.34, again, for a two-way movement.
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TABLE 8
 

TRUCK COSTS AND RATES AT VARYING DISTANCES
 

(escudos per ton)
 

One-way Cost 
 Rate Difference
 
Distance (km) 22 ton 34 ton (escudos) 22 ton 34 ton
 

50 240 184 250 10 66
 

100 480 368 500 
 20 132
 

150 720 552 
 750 30 198
 

200 
 960 736 1000 40 264
 

250 1200 920 1250 
 50 330
 

300 1440 1104 1500 
 60 396
 

350 1680 1288 1750 70 462
 

400 1920 1472 2000 80 528
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GRAPH 1 

RATE AND COST RELATIONSHIPS TO DISTANCE 
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profit between rates and costs increases from 66 escudos at 50
 
kilometers to 528 escudos at 400 kilometers for the 34 ton GVW
 
truck. For the 22 ton GVW truck, the rates and costs are quite
 

close with only 80 escudos difference, even at 400 kilometers.
 

This relationship of rates to costs appears to be
 
different from that in the northern regions of Portugal. In the
 
north,rates for agricultural limestone, in bags, appear to be
 
below long run variable costs and above out-of-pocket costs. In
 

the south, it appears rates are at or slightly above industry
 
average costs. But, as suggested earlier, many variables affect
 
rate-cost relationships. Type of truck ownership (private versus
 
for-hire) and backhaul possibility do appear different between
 

northern and southern Portugal.
 

In summary, it is the consultants' judgement that
 
the level of information about the future rate structure for.
 
agricultural limestone in the south is very low at this time.
 
Most of the rate tariffs were for trade areas of 50 kilometers
 
radius or less and little experience exists on longer hauls of
 

agricultural limestone. It is expected that future rates will
 
reflect distance of haul and size of truck, with rates on longer,
 
heavier movements being lowered on a ton per kilometer basis.
 
In any case, it appears that rates may follow long run variable
 

costs more closely in the south than in the north.
 

Backhaul And Cost Relationships
 

Rates are typically for a two-way movement of the
 
vehicle since the vehicle has to return to its origin. Thus a
 
100 kilometer movement has a rate reflecting 200 kilometers of
 
-operational costs. But, such a rate tariff reflects no loads
 
on the return movement, and therefore, no revenue other than
 
the original fronthaul. If a return load can be achieved, total
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costs can be spread over both loads. This increases the
 
possibility, if not necessarily the probability, of rates
 
being lowered on the front haul commodity, in this case,
 
agricultural limestone.
 

The effect and importance of success in obtaining
 
a backhaul is indicated in table 9 below.
 

TABLE 9
 

EFFECT OF BACKHAUL CN COSTS AND RATE/COST RELATICNSHIPS, ESC/TON/KM
 

I3ACKI4J'UL COSTS ESMflATD DIFFRNC
.FREQUENCY (22 TON GVW) (34 TON GVW) RATE (22 TON GVW) (34 TON GVW)
 

0 4.8 3.68 5.0 .20 1.32
 

10 4.56 3.50 .44
5.0 i.!
 
25 4.2 3.22 5.0 
 .80 1.78
 
50 3.8 2.76 5.0 1.20 2.24
 

as the backhaul frequency increases from 0 to 50 percent,the costs
 
per ton Kilometer drop from 3.68 escudos 
to 2.76 escudos for the
 
34 ton GVW vehicle and drop from 4.8 escudos to 3.8 escudos for
 
the 22 ton GVW truck. Comparing this to estimated rates shows
 
clearly why rates have a possibility of dropping when backhaul is
 
achieved. The net difference (profit) for a kilometer increases
 
from .20 escudos to 1.20 escudos for the 22 
ton GVW and from 1.32
 
escudos to 2.24 escudos as 
the backhaul frequency increases. The
 
difference is shown in graph 2.
 

In the southern region of Portugal a very low backhaul
 
:requency is expected. The movements are expected to be fairly
 
short distances, in bulk trucks, that return directly to the lime
stone plant. But some opportunities do exist, such as 
bulk trucks
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GRAPH 2 

BACKiIAUL PERCENTAGE AND RATE/COST RELATIONSHIPS, 
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going empty to Evora from Rio Maior to pick up a product for
 
Rio Maior to be refined for glass production. Movements of
 
wheat n.ay also serve as return haul movements. So, if and
 
when any cooperative, shipper or limestone producer is 
success
ful in obtaining a consistent return haul, the cost savings and
 
rate level changes for agricultural limestone movement could be
 

substantial.
 

Shipper or Cooperatively Owned Equipment
 

It appears significant differences exist between the
 
north and south regions of Portugal relative to trucking
 
activities and performance. 
Trucks in the north are predominant
ly public for-hire carriers, using flat bed or low side vehicles
 
with some backhaulD i. contrast, trucks in 
the south are
 
principally private commercial 
vehicles owned by the limestone
 
producers, using bul 
 dump trucks with little identified back
haul. Further, the rates in the north appear to be below long
 
run variable costs 
while the rates in the south tentatively appea:
 
to be near long run variable costs for the 22 
ton GVW vehicle
 
and significantly above costs for the 34 
ton GVW vehicle.
 

These factors suggest that conditions exist that would
 
make shipper owned equipment economically viable in the south.
 
Potential benefits do exist, such 
as lower operaling costs, the
 
use of costs rather than rates, increased flexibility in service,
 
etc. 
 This section will evaluate potential economies available
 
from shipper owned and operated equipment. Particular attention
 
will be paid to cost or rate saving arising from annual vehicular
 
mileage, backhaul, and labor/financial efficiencies.
 

Annual Mileage
 

Cooperatively or shipper owned trucking could improve
 
on the annual kilometers of a vehicle by dedicating their volume
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of agricultural limestone to their own vehicle. 
The potential
 
impact of greater annual kilometers can be identified in the
 

following table:
 

TABLE 10
 

ANNUAL KILO=SER AND TRUCKING COSTS
 

(34 MA GVW)
 

tU.1FR OF ANNUAL KILOM.ETERS 
 TOTAL COSTS PFR KILOMZER
 

80 000 80 oCo (28.58 esc.) + 1 731 contos = 50.22 esc.
 
80 000
 

100 000 100 000 (28.58 esc.) + 1 731 contos = 45.89 esc.100 000
 

120 000 120 000 (28.58 esc.) + 1 731 contos 43.01 esc.
 
20 000 

140 000 140 000 (28.58 esc.) + 1 731 contos = 40.95 esc. 
140 000
 

The short-run variable costs or out-of-pocket expenses in this
 
example are 28.58 escudos per kilometer, consisting of fuel, oil,
 
tires, maintenance and driver time. 
The fixed costs are 1,731
 
contos per year, consisting of depreciation, interest and insurance.
 
Total per kilometer costs decrease 
as the annual ki.lometers in
crease, going from 50.22 escudos per vehicle kilometer if a vehicle
 
is operated 80 000 kilometers per year,to 40.95 escudos if the
 
vehicle is able to achieve 140,OCO kilometers per year, a savings
 
of 18.5 percent in costs of operation.
 

If the average trip length is 150 kilometers one way,
 
then the numcer of trips necessary to reach 100 000 annual kilo
meters is 333 as shown below in Table 11.
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TABLE 11
 

VOLUME OF LIMESTONE REQUIRED TO ACHIEVE VARIOUS ANNUAL 
KIIDMETERS, 150 KILO4,=-ER ONE-WAY TRIPS 

ANNUAL KILOMETEPS NUMBER OF TRIPS CARGO-WEICIT TONS 	 TOTAL LLMESTONE 
MOVED (TONS) 

80 000 	 267 25 
 6 675
 

100 000 333 25 8 325
 
120 000 400 25 10 000
 

140 000 
 467 	 25 11 675
 

This means that a cooperative or shitper would have to move
 
8,325 tons in order to achieve the average costs 
per kilometer 
identified in this study for a 34 ton GVW vehicle. If the 
shipper could move 11,675 tons in a year, costs per vehiclekiom
 

could be lowered from 45.89 escudos to 40.95 escudos.
 

Backhaul
 

As developed earlier in this report, any revenue
 
generated on the return movement reduces costs 
to be allocated
 
to the frorthaul traffic. The impact on 
those costs of even a
 
20 percent loaded backhaul is significant. (See Table 9). The
 
manager of a cooperatively owned and operated truck could work
 
to become the focal point for uny shipments moving out of the
 
area towards the limestone production areas. Since most of these
 
limestone sources are at, or near, population centers there may
 
be local produce or production available for movement towards
 

those centers.
 

Low Interest Loans
 

Cooperatives in Portugal may have available to them
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either lower cost government financing or local financing
 

sources offering lower interest than to a private individual.
 

In either case, the interest charges may be lower, causing the
 

costs of operation to decrease. An example is shown in Table
 

12 below.
 

TABLE 12
 

ITEREST LEVELS AND TRUCK COSTS, 34 TON GVW, ESC=S
 

INTEREST ANNUAL KILOMETER TOTAL VEHICLE
 
PER=T ITEREST INTEREST COST COST
 

25 945,375 9.45 45.89
 

20 756,300 7.56 44.00
 

15 567,225 5.67 42.11
 

10 378,150 3.78 40.22
 

For every 5 percent decrease in cost of borrowing capital, a 1.89
 

escudos decrease in vehicular costs per kilometer occurs. Thus,
 

interest charges drDp from 9.45 escudos per kilometer to 3.78
 

escudos per kilometer as the interest rate paid decreases from
 
25 percent to 10 percent. Total costs decrease from 45.89
 

escudos to 40.22 escudos per vehi.cle kilometer, a decrease of over
 

12 percent, due only to a change in interest paid as a result of
 
being a cooperative or in some manner qualifying for a low interest
 

loan.
 

Cooperative Efficiencies
 

Some efficiencies may also be possible if the cooperative
 

trucking fleet is administratively combined with an ongoing coope

rative. The manager of the cooperative might serve as the manager
 

of the trucking activities as well. Mechanics and labor could be
 
used for both operations as truck drivers or equipment operators
 

in times of seasonal demand. Also, a larger cooperative purchasing
 



materials for several operations may receive volume discounts.
 
Thus, costs would decrease.
 

Rate/Cost Relationships
 

The above discussion emphasized potential decreases
 
in 
costs of operation of shipper owned equipment. The largest
 
savings may simply be that there would be no 
difference between
 
rates paid and costs of operation of the truck. 
As presently
 
estimated in the southern regions of Portugal, rates exceed
 
costs, significdntly, for the 34 
ton GVW. Shipper owned and
 
operated equipment, even 
if none of the potential cost economies
 
identified above 
are realized, will. guarantee that 
rates
 
(tariffs paid) are at least as 
low as 
costs of truck op, .ation.
 
Further, operating one truck will give the cooperatives knowledge
 
about what the costs of operation are and they will then-be able
 
to critically evaluate rates being charged by the limestone pro
ducers.
 

Implications
 

Without a doubt there 
are definite benefits t- a
 
cooperative or shipper of owning his own equipment. 
Rate in
creases or 
levels may be minimized by the availability of this
 
competitive alternative. It 
is evident that a cooperative should
 
evaluate its market relative to 
investing in trucking equipment.
 
Such an investment could be made by 
one cooperative or several
 
cooperatives joining together to 
form a transportation coope
rative. Specifically, if the following situations individually
 
hold, or some combination of them are available, a cooperative
 
should actively consider acquiring trucking equipment.
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1) 	 If annual kilometers per vehicle will be over
 
100,000. This is obtainable by a volume of
 

around 8,000-9,000 tons annually.
 

2) 
If any loads for the return movement can be
 
identified. 
 Even a small percentage of 10
 
percent loaded 
return hauls lowers the total
 

cost by 5 percent.
 

3) 	If low interest loans 
are 	made available. A
 
savings of more than 12 percent in total costs
 
of truck operation is attainable if a 10 percent
 
interest rate is' received.
 

4) 	If existing labor can be used in the trucking
 
operation, thus increasing the productivity
 

of that labor.
 

5-) 	 If 
rates of for-hire carriers on limestone produ
cers 
are above the estimated costs of operation.
 
Provision of shipper owned equipment will de
crease the transportation bill to at least costs
 

of operation.
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Rail Cost and Capability
 

The railroad system offers a 
high capacity, low
 
variable cost alternative to move aa 
:cultural limestone in
 
the south. 
This section will.evaluate the pnysical capability
 
of the railroad by reviewing its infrastructure and fleet
 
characteristics. 
 The economic capability will then be examined
 
by identifying costs of operation, probable rates, and rate/cost
 

relationships.
 

Railroad Infrastructure
 

The CP has a program of upgrading trackage to 54.4km/m
 
rail. 
 Yet, over 1200 kilometers of the track is still lighter,
 
older and worn. Some bridges also exist that cannot carry 20 ton
 
axle loads.
 

The resultant weight restrictions constrain the weight
 
per axle to 20 
tons gross weight and lower. As indicated in map
 
2, some areas in the south are subject to either 18 or 16 
tons
 
per axle limits. But, in most origin-destinations tentatively
 
identified for agricultural limestone ihipments, at least an 

ton axle weight is permitted. The only segment where the 16 ton 
axle ].init is imposed in the south is into Montemor-o-Novo from
 
the mainline.
 

The wagon fleet of CP totaled 6,367 wagons as of
 
September, 1981. 
 These wagons are assigned to service in each
 
region as follows:
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WAGONS
 
OPEN CLOSED
 

Northern Region 578 578
 
Centre Region 1 908 1 784
 
Southern Region 558 
 970
 

3 044 3 332
 

Of these 6 367 wagons, 4 020 are in commercial service. Others
 
are only used in service for CP renovation or maintenance, are
 
under repair, or are scheduled for retirement. Wagon,owned by
 
shipperssuch as 
Quimigal, Cimpor, Mobil, Sacor. etc. supplement
 
the CP fleet by another 225 wagons.
 

It is expected that agricultural li.nestone in the
 
south will be shipped in bulk in open top gondolas. Specifically,
 
the L510 (2 axle) and EAOS 596 (4 axle) gondola will be the type
 
of wagon used. 
 The CP has, 1982, 200 of the 2 axle gondolas and
 
about 300 of the 4 axle wagons. The 2 axle gondolas are present
ly used to haul coal and the 4 axle gondolas are typically used
 
to carry wood to Spain but excess capacity is judged to be avail
able 21/.
 

The 1981 freight traffic commodity distribution of the
 
CP is indicated in Table 13. 
 Table 14 shows the pattern in 1979.
 
In 
1981, the top ten commodities by tonnage comprised 73 percent
 
of the volume, down slightly from 74 percent in 1979. 
 The total
 
tonnage has remained fairly steady, about 3.1 million tons in
 
both years. Cement and fertilizer are the most 
important
 
commodities, comprising 37 percent in 1979, increasing to 45 per
cent in 1981. 
 If even moderate projections of agricultural lime

2/ Based on Interview with CP officials
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FREIG1T CCAXPADDITY STATISTICS, CP RAILROAD, 1981
 

Commodity Commodity 
N2. 

63 Cement 

74 Fertilizer 

01-5 Grain 

30,31 Bulk Petroleum 

35-37 Bulk Wood 

.58 Iron and Steel 

26 Animal Feed 

06 Flour 

45-48 Minerals 

11,12 Beer and Mineral 

Water 

TOTAL, top 10 
Commodities 

Percent of Total 

All other 

Commodities 

TOTAL, all 

Commodities 

Number of 

Wagons 


36,473 


27,196 


20,507 


4,376 


5,208 


4,429 


3,797 


3,216 


1,187 


223 


106,612 


61 


67,498 


174,110 


Tons 


897,629 


501,740 


377,831 


120,235 


112,804 


83,622 


80,090 


51,203 


36,182 


3,373 


2,264,709 


72
 

865,716 


3,130,425 


Average tons 

per Wagon 


24.61 


18.45 


18.43 


27.47 


21.66 


18.90 


21.09 


15.92 


30.48 


15.13 


21.24 


12.8
 

18.0 


Average length Rank in
 
of Haul tons
 

249 1 

314 2 

285 3 

180 4 

339 5 

362 6
 

316 7
 

265 8
 

140 9
 

299 10
 

275
 

273
 

SOURCE: Freight Commodity Statistics, 1981, CP Railroad
 



.TABLE 14
 

FREIGHT COI.1.IODITY STATISTICS, CP RAILROAD, 1979
 

Number 
Commodity of 

No. Commodity Waqons 

63 Cement 24,567 

74 Fertilizer 28,282 

45-48 Minerals 10,152 

1-5 Grain 16,647 

30,31 Bulk Petroleum 4,186 

58 Iron and Steel 6,123 

35-37 Bulk Wood 4,262 

. 6 Flour 4,708 

49-52 Crushed Rock 3,017 

26 Animal Feed 2,..56,644 

TOTAL, top 10 104,923 


Commodities
 

* Percent of Total 63 


ALL Other Commodities 60,701 


TOTAL, ALL Commodities 165,624 


SOURCE: Freight Commodity Statistics, 1979, CP Railroad
 

Tons 


623,284 


548,414 


367,058 


307,279 


126,989 


113,943 


82,539 


60,672 


58,557 


2,345,923 


74
 

807,123 


3,152,590 


Average 

Tons Per 

Wagons 


25.37 


19.39 


36.16 


18.45 


30.34 


18.61 


19.36 


12,89 


19.41 


19.01 


22.35 


13.30
 

19.30 


Average
 
Length of 


Haul 


293 


293 


215 


243 


171 


200 


244 


255 


123 


323 


257
 

257
 

Rank in
 
Tons
 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

10
 



stone movements are achieved, that is, 150,000-250,000 tons
 

annually, limestone would be in the top ten, and possibly the
 
top 5 commodities in CP volume.
 

Generally, it appears that adequate track and fleet
 

capacity exist in Portugal to handle the proposed movements.
 

However, weight limit restrictions may affect the costs of
 

agricultural limestone transportaton.
 

RAIL COSTS
 

Rail costs, developed for July 1982, are the result
 

of the physical capability discussed earlier in this report.
 
The methodology consisted of updating and modifying the original
 

rail cost estimates of the CPCS, as reconstructed in the northern
 
Portugal limestone distribution study 1/ The gondola wagon
 

was chosen by the consultants for bulk movement of limestone and
 

costs were developed for this type of movement.
 

Cost Adjustments
 

The following cost adjustments and assumptions were
 

made to the 1980 cost functions:
 

1) "Maintenance of wagons", "System level general
 

overhead", "On company service - non revenue
 

freight", "Shunting costs", "Station employees
 

l/ Plano de Reabilitag~o Ferrovi~ria, CPCS, 1978 and Agricultural
 
Limestone Distribution Study for Northern Portugal, Lauth,
 
Snitzler and Tosterud, 1981
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and expenses", and "Train cost per kilometer",
 

were all increased 33 percent to reflect the
 

18 month time period between cost estimates.
 

2) 	"Wagon portion of train" was increased from 4/45
 

for bulk wagons to 4/66 to reflect a train that
 

would have 17 wagons with 2 axles (34 axles total)
 

and 8 wagons with 4 axles (32 axles total). This
 

train composition was based on the distribution
 

of the wagon fleet owned by the CP.
 

3) 	"Wagon days loading and unloading" was increased
 

from 2.7 to 5 days per shipment to reflect the
 

slow loading and unloading by a front-end loader
 

and/or a backhoe.
 

4) 	"Wagon days per kilo-ieter" was increased to .0135
 

based on an average distance hauled of 100 km/day.
 

5) 	"Car ownership (replacement value)" was set at
 

2,600 contos for a gondola wagon with no pneumatic
 

equipment. The cost of capital was increased from
 

20 to 25 percent to better reflect current interest
 

rates.
 

6) 	The movement in the south was expected to be on non

electric lines.
 

7) 	The consultants accepted the 35 year life with no
 

salvage value for depreciation purposes and accepted
 

the 100 percent empty return movement (ERM).
 

These cost items were used in tables 15 and 16 to
 

develop the following rail cost estimating equation:
 

Total wagonload cost = 8,185.04 + 67.36k
 

where k = number of kilometers
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TABLE 15
 

JULY 1982 RAIL COSTS - GONDOLA WAGON: 
40 TON PAYLOAD
 

Cost Item 
 (escudos) 
 Cost
 

1) Maintenance of wagons 
 179.23
 

2) System level general overhead
 
(line 1 x .12407) 


22.23
 

3) On Company Service - Non-Revenue
 
freight(l 
:- 2 x .03444) 

6.94
 

4) Sub-total (lines 1-3) 
 208.40
 

5) Car ownership (replacement value, 2,600 contos)
 

A) Depreciation Rate 
= 1/35 = 2.86%
 
Depreciation Expense 
= 2,600 contos x .0286
 
= 74,360 escudos
 

B) Cost 	of Capital 
= Average Net Investment x cost of
 
capital = .5 x 25% = 12.5%

2,600 contos 
x .125 = 325,000 escudos
 

C) Odnership Cost/Day = 74,360 + 325,000
 =1,094.14
 
365
 

6) 1982 	Wagon costs/day (Lines 4 and C) 
 1,302.54
 

7) 1982 	Wagon costs
 
1,302.54 x 5 days 
 6,512.70
 

8) Shunting costs 

567.83
 

9) Station employees and expenses 
 1,104.51
 

10) TOTAL (Lines 7-9) 
 8,185.04
 

95
 

http:8,185.04
http:1,104.51
http:6,512.70
http:1,302.54
http:1,302.54
http:1,094.14


TABLE 16
 

TRAIN COSTS
 

COST ITEM (BROAD TRACK) (escudos) COST
 

a) i) Train cost/km 265.61
 

ii) Wagon portion of train 4/66
 

iii) Train cost/wagon km 16.10
 
i x ii
 

b) i) Cost/wagon day 1,302.54
 

ii) Wagon days/km .0135
 

iii) Wagon cost/wagon km 17.58
 
i x ii
 

c) TOTAL Cost/wagon km 33.68
 
( a iii + b iii)
 

d) Empty return mileage (%) 100.0
 

e) TOTAL cost/loaded wagon km 67.36
 
2xcxd)
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In order to estimate per ton rail costs the average
 
payload must be divided into the cost function coefficients.
 
The specific cost per ton is very sensitive to the size of the
 
payload. 
 Two possible payload coefficients were used.
 

(50 Ton payload)
 

If only 4 axle cars are used, and these cars 6nly
 
move on 
tracks that allow axle weights of 18 tons or greater,
 
the possible payload is 50 tons.
 

4 axles x 18 ton limit = 72 ton GVW - 22 tare
 
weight = 50 tons possible payload
 

(40 Ton payload)
 

If both 2 axle cars and 4 axle cars are used, in their
 
proportion of the entire car fleet, and these 
cars are only
 
moved on tracks that allow axle weights of 1 tons or greater,
 
the possible average payload is 40 
tons.
 

4 axle x 18 ton limit = 72 ton GVW - 22 ton
 

tare weight = 50 tons
 

2 axle x 18 ton limit = 36 ton GVW - 12 ton
 
tare weight = 24 tons
 

thus: 50 
tons x 300 4 axle cars in fleet = 15 000
 
24 tons x 200 2 axle cars 
in fleet = 4 800
 

15 000 1 4,800 500 cars = 39.6 tons
 

average payload
 

_-
 These two payload possibilities result in the following
 
*per ton cost functions:
 

40 ton 20 .63 + 1.68 k
 

50 ton 163.70 + 1.35 k
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These cost eguations result in the costs at alt'er

native distances in Table 17 below.
 

TABLE 17
 

JULY, 1982 RAI COSTS PER TON, VARIOJS DISTANCES 

Distances (kilometers) 40 ton payload 50 ton payload
 

(escud.)s) 
50 288.63 231.20
 

100 372.63 298.70
 

150 456.63 366.20
 
200 540.63 433.70
 

250 624.63 501.20
 
300 708.63 568.70
 

Assembly, Handling and Delivery Costs
 

Since none of the probable production sources of
 
agricultural limestone are 
located on rail sidings, any movement
 
by rail will necessitate some truck movement as well. In fact,
 
rail shipments will have to be assembled by truck, loaded at
 
the origin, unloaded at the destination, and delivered by truck.
 
Thus, the total cost of rail shipments must include not only
 
the cost of the rail movement but also the necessary assembly,
 
handling and delivery costs. This section will develop these
 

costs.
 

Assembly by Truck
 

It was assumed that a 34 
ton GVW truck would be
 
utilized from the limestone plant to the rail siding. 

This entails a cost of 3.68 escudos per ton kilometer. 
A survcyc f production sources indicatd an average
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of 15 kilometers would be the distance from production
 
source to railhead. This resulted in an assembly cost
 
at origin of 55.20 escudos per ton.
 

Delivery by Truck
 

Truck delivery, from rail siding to farm, was 
also
 
assumed to be by 34 
ton GVW truck at 3.68 escudos per
 
kilometer. 
The estimated delivery distance, if only
 
10 destinations in the southern region are used, 
was an
 
average of 50 kilometers. This results in 
a delivery
 
cost per ton of 184.20 escudos.
 

Loading and Unloading Costs
 

In order to load the bulk limestone into the open
 
top gondola wagon a front-end loader is necessary. At
 
the destination point it becomes necessary to use 
a
 
backhoe to clean the gondcla cars 
and load the trucks
 
for delivery to the farms. 
 This requires a backhoe at
every destination rail siding and a front-end loader
 
at every origin rail siding.
 

Purchase price estimates were obtained and a combi
nation front end loader and backhoe was chosen to be
 
used at every handling point. Machines that were only
 
backhoes were more expensive, 6 million escudos, compared
 
to the smaller, more popular combination machine at 3.5
 
million escudos. This machije has 
a 60-70 horse power.
 
engine, a reach of 
6--7 meters, and a 5 year life ex
pectancy. The depreciation costs 
on this equipment would
 
be 700,000 escudos per year and interest, at 25 percent
 
annually, would be 437,500 escudos per year, for a total
 
ownership cost per year of 1,137,500 escudos.
 

The ownership cost per ton is very sensitive to 
the
 
annual volume handled by each machine. For 1986, 
the
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expected agricultural limestone movement was 220,000
 
tons. Since truck movement is expected on 
the short
 

hauls, it was assumed that 60 percent or 132,000 tons
 
of limestone would be moved by rail, if it 
were cost
 
effective to do 
so. It was further assumed.that 3
 
origins in the southern regions would be used to move
 
limestone to 10 destinations in the consumption
 
regions. This results in an average volume at origin,
 
of 44,000 tons and at destination 13,2000 tons, or an
 
ownership cost at origin of 25.85 escudos and at desti

nation, 86.17 escudos per ton.
 

In addition to ownership costs, labor and operating
 
costs for the backhoe/frontend loader would occur.
 
Operating cost.per ton, principally gas, oil and main
tenance, was estimated Lo be 10 escudos per ton. A
 
machine operator would load or unload a 50 ton payload
 
wagon in two hours at an estimated labor cost of 200
 
escudos per hour. This results in 
an estimated labor
 

cost of 8 escudos per ton.
 

Combining the ownership, operating and labor costs
 
at origin results in a loading cost of 43.85 escudos
 
per ton. At the destinat,.on areas, where volume is lower,
 
the unloading costs are estimated at 104.17 escudos per
 

ton.
 

Total assembly, handling and distribution costs are
 

then estimated as follows:
 

a) Assembly-truck 55.20
 

b) loading 43.85
 

c) unloading 104.17
 

d) delivery-truck 184.20
 

Total handling cost 387.42 escudos
 

While the consultants feel this is a reasonable esti
mate of total handling costs,they are aware that several
 

100
 

http:destinat,.on


critical assumptions have been made:
 

1. 	These costs are based-on 1986 traffic volumes,
 

thus at smaller volumes in earlier years the
 

loading and unloading costs may increase.
 

2. 	It was assumed that rail would only capture 60
 
percent of the movement. If more limestone
 

were to move by rail, handling costs would de
crease as the fixed ownerships costs of the
 
front end loader/backhoe are spread out over
 

more tons.
 

3. A brief analysis of the impact of different
 

numbers of origins, destinations and delivery
 
distance was done. 
 Increasing the destinations
 

to 20 areas with shorter delivery distances
 

only marginally affected costs since lower truck
 
delivery costs were mostly offset by higher un
loading costs. If 
more than three origins are
 

used, loading costs would increase significantly.
 

Total Rail Costs
 

The costs of rail movement are combined with the
 
assembly, handling and delivery costs in table 18 below.
 

TABLE 18
 

TOTAL RAIL COSTS PER TON, INCLUDING HANDLING CoSrS
 

Distance (Kilometer) 40 Ton Payload 
 50 '.on Payload
 

(escudos)
 
50 676.05 
 618.62
 

100 
 760.05 686.12
 
150 
 844.05 753.62
 
200 928.05 
 821.12
 
250 1,012.05 
 888.62
 
300 
 1,096.05 	 956.12
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Both 40 
ton and 50 ton cost functions are indicated.
 
It is-apparent that the impact of the handling costs
 
is to simply increase the base charge in escudos from
 
204.63 to 592.05 for the 40 ton payload and from
 
163.70 to 551.12 for the 50 ton payload.
 

Railroad Rates
 

Prices 
(rates) charged by the CP for shipments by
 
rail are published in tariffs available from the CP 
Commodities
 
are classified according to their physical transportation
 
characteristics and assigned to a specific rate scale table.
 
These tables specify rates in escudos per ton for length of
 
haul and cargo weight per wagon.
 

Since no crushed limestone is now moving by rail in
 
bulk, crushed limestone has not been assigned a rate scale
 

-table. CP officials, unofficially, judged that Table 601 would
 
likely fit the characteristics of bulk crushed limestone. 
 How
ever, rate scale tables serve principally as a base from which
 
to calculate rates 
to be charged. Conditions such as truck
 
competition, number of wagons per day or per week, number of
 
wagons per train, type of wagon, seasonality of movements,
 
annual volume, expected turn-around time, market competition,
 
and shipper or carrier owned equipment are considered in each
 
instance to determine the amount of the reduction to be given
 
under the published applicable rate in the tariff.
 

For crushed limestone, in bulk, in 4 axle gondolas,
 
in shipments ranging from 66,000 ton per yearto 220,000 tons
 
per year, at 40 to 50 
tons per wagon, in railroad equipment,
 
and moving sosonally, CP officials estimated the range of
 
special rates which might be offered. Table 19 presents the
 
published tariff rate for crushed limestone and the high and
 
low of special rates which could be expected. The low range of
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RAILROAD RATES FOR CRUSHED LIME8TONE, 40-50 TONS PER gONDOLA WAGON, IN BULK
 

(ESC. PER TON)
 
HIGH SPECIAL-


HIGH LOW
 
TARIFF SPECIAL 2/ SPECIAL
 

KILOMETERS RATE RATE RATE / 
 650ARIFF
 

50 	 225 218 153 
 R
 
A 550
100 	 293 284 
 198 T
 

E
150 	 361 350 247
 

200 	 428 424 302 P 450
 
E 

250 	 496 467 330 R
 

300 	 551 540 378 
 T 350
 
0
350 	 632 
 591 416 N
 

400 	 686 680 476 
 250 
 LOW 	SPECIAL
 

500 	 822 
 790 555
 

150
 

50 150 250 350 450
 
l/ 	Table 601, CP Tarifa Geral de Transportes
 

Part II, Mercadorias, effective January 1, 1982. 
 KILOMETERS
 
2/ 	Obtained from interview with CP officials as
 

estimated range of special rates on specific

shipments of crushed limestone.
 



rates averace about 30 percent below the published rate. This
 

table also shows how distance affects the special rates. The
 

tariff rate increases linearly with distance while the special
 

rates increase at a decreasing rate as distance increases.
 

This reflects the cost characteristics anticipat6d when
 

establishing the special rates.
 

Rail Rate/Cost Relationships
 

A comparison of rail rates and costs at varying
 

distances is shown in table 20. 
 The costs are those derived
 

from the cost estimating equation for a 50 ton payload and
 

reflect long run variable costs. The tariff estimates obtained
 

from the CP are also presented in the table.
 

Rail costs and rail rates follow each other almost 

equally at each of the distances. The tariff rate is about 
97-99 percent of the total costs. The high special rate inden

tified for probable future movements of limestone follows the 
rate by 95-99 percent. The low special rate appears to be
 

about 66-71 percent of the tariff rate.
 

It appears to the consultants that the rates quoted
 

by the CP fellow costs quite closely. Further it appears that
 

the tariff and high special rates closely approximate fully
 

distributed coszs of rail operation and the low special rate is
 

based on out-of-pocket or incremental costs.'
 

This latter relationship was examined by deriving
 

70 percent of total rail costs 'a common estimate of out-of

pocket costs in the transportation literature) in table 20.
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TABLE 20
 

RAIL COSTS AND RATES, VARYING DISTANCES, JULY 1982
 

(Escudos per Ton)
 

Costs 
 Rates
 
Distance 


High Low
(Kilometers) 50 
ton payload 
 70% tariff Special Special
 

50 
 231 
 162 225 218 153
 
100 
 299 209 
 293 284 198
 
150 
 366 256 361 
 350 247
 
200 
 434 304 
 428 424 
 302
 
250 
 501 351 
 496 467 
 330
 
300 
 569 398 551 
 540 378
 

The 70 percent costs are extremely close approximations of the
 
low special rate. Thus, 
the low special rate is a proxy for
 
out-of-pocket cost pricing. 
 Note also that as distance increases
 
this low special rate increases more slowly.
 

Truck/Rail Cost Comparison
 

Determination of the least cost method of transporting
 
agricultural limestone can be done by comparing the long run
 
variable costs of rail to 
truck. Rail costs'include the assembly,
 
handling and truck delivery costs of 387.42 escudos per ton.
 
These cost estimates are developed in Table 21.
 

It is evident that truck transport has a cost advantage
 
over rail up to at 
least 160 kilometers (see Graph 3 and Table
 
22) and could have a cost 
advantage up to 296 kilometers. The
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TABLE 21
 

TRUCK/RAIL COST ESTIMATES, VARYING DISTANCES
 

(in Escudos per ton)
 

Rail Total Costs 1/ Truck Costs
 

Distance 50 ton 40 ton 
 Weighted

(kilometers) 
 Payload Pavload 34 ton Average 22 ton
 

50 619 676 184 220 240
 

100 	 686 760 368 440 480
 

150 	 754 844 552 660 
 720
 

200 821 928 736 
 880 960
 

250 889 1,012 920 1,100 1,200
 

300 	 956 1,096 1,104 1,320 1,440
 

1/ 	This cost estimate includes rail costs plus
 

assembly, handling, and delivery costs of
 
387.42 escudos per ton.
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GRAPH 3 

TRUCK/RAIL COST EQUATIONS 
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TABLE 22
 

BREAK EVEN DISTANCES - TRUCK/RAIL 

Cost Estimates
 

Rail Truck Kilometers
 

50 ton vs *22 ton 160
 

50 ton vs vrighted average 181
 

50 ton vs 34 ton 236
 

40 ton vs 22 ton 190
 

40 ton vs weighted average 218
 

40 ton vs 34 ton 296
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shortest break-even point would occur when the most efficient
 
rail cost, 50 
ton payload, is contrasted with the least
 
efficient truck cost, 22 
ton 
GVW. The longest distance that
 
truck transport has an 
advantage over rail is 296 kilometers,

based on the 40 ton average payload for rail and use 
of the
 
larger 34 
ton GVW vehicle. 
 It is 
likely that limestone will
 
move 
in rail gondolas averaging 40 tons and in the larger

trucks 
so that, realistically, trucks will have a cost 
 ad
vantage up to nearly 300 kilometers.
 

Additional Distribution Costs
 

The previous analysis examined the costs of delivering

the aglicultural limestone from the production source 
to the
 
farm. 
 lt is expected that the limestone will be dumped on a
 
level area, possibly on a plastic sheet in the open, by a bulk
 
truck to be later spread 
on the fields by the farmer. This
 
spreading operation is 
an 
additional expense associated with
 
distributing agricultural limestone in the south.
 

The present means 
of applying limestone and fertilizer

in the south is by 
a small rotary apreader attached to a tractor.
 
These 750 kilogram spreaders are currently available to most
 
farmers in 
the region, according to 
a survey of Regional Services
 
agents by the consultants, since they 
are now being used for
 
fertilizer and seed applications. 
 Also available in 
some areas
 
are 4 ton 
spreaders that could be rented or purchased from
 
existing owners.
 

These small existing spreaders attached to or 
pulled

.by tractors will be the initial system for applying limestone to
 
the fields.' 
In the future, bulk spreaders attached to the
 
trucks might be used on 
the larger, more accessible fields.
 
Such a vehicle could be owned by either the limestone producer
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or a local cooperative. However, since the individual farmer
 

is expected to still own a small spreader for fertilizer and
 

seed application, some limestone will probably continue to be
 

applied in this manner. It does suggest caution to any bulk
 

distributor considering capital investment in a bulk truck
 

spreader.
 

The cost of utilizing the existing spreader system
 

is about 230 escudos per ton of agricultural limestone. This
 

cost estimate consists mostly of labor costs with some depre

ciation, interest and fuel charge for tractor/spreader operation.
 
These costs were derived by updating the cost estimates in the
 

northern limestone distribution study by Lauth, Snitzler and
 

Tosterud, and the project paper, Portugal: Agricultural
 

Production Program.
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VII SYSTEM ANALYSIS
 

The development of a least cost distri-hution system
 
for limestone in Southern Portugal will now proceed from
 
the varicus elements related to demand, available supplies,
 

and the transportation system.
 

System Demand
 

Before beginning the more formal analysis leading
 
to a least-cost distribution system, estimates of anticipated
 
limestone use for each subregion in 1983 and 1986 were brought
 
forward from Chapter IV (Table 1.). The 1983 data allow
 
analysis for the immediate future whereas the 1986 estimates
 
permit an intermediate term view.
 

System Production
 

Information on quantities and prices of liming
 
materials that had been obtained from limestone jroduction
 
plants and discussed in chapter V were 
then assessed to
 
determine those which could be expected to prevail in 1983
 
and 1986. Particular note was 
taken of major supply questions,
 
restrictions and anticipated changes at individual plants that
 
could potentially affect price or quantities available.
 

For example, the possible use of the residual P6 de
 
Pedra which was 
found to be available in large quantities
 
covld greatly change analysis. 
 Thus, the economic feasibility
 
of its use was a major issue 
 That issue is considered below.
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TABLE 1
 

SUMMARY OF ANTICIPATED AGRICULTURAL LIMESTONE USE
 

BY SUBREGION 1983 AND 1986
 

1983 1986
 

---------- tons----------


Alentejo
 

Santiago do Cac~m 14820 51220
 

Portalegre 10260 35460
 

nvora 13110 45310
 

Beja 18810 65010
 

TOTAL 57000 197000
 

Ribatejo e Oeste
 

Tomar 2380 6800
 

Santar~m 3220 9200
 

Set~ibal 1260 3600
 

Caldas da Rainha 140 400
 

TOTAL 7000 20000
 

Algarve 

Barlavento 50 1490 

Sotavento 70 1890 

TOTAL 120 3380
 

TOTAL
 
(All Regions) 6412.0 220380
 

Adapted from Table 5, Chapter 4.
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The amount of agricultural limestone available for
 
distribution is dependent on 
type of product as well as
 
location and production volume. 
The residual P6 de Pedra
 
available in Southern Portugal offered the possibility, at
 
least in the 
near term,of using moie of this product per

hectare to achieve the 
same soil neutralizing effect as 
lime
stonc meeting government standards. Analysis of samples, dis
cussed earlier in this study, indicated that about 1.4 
tons
 
of this material would be needed to achieve results similar
 
to one ton of the finer product.
 

If the residual material is used, additonal costs
 
will be incurred. Forty-percent. more product would need to be
 
purchased,transported and spread on the fields. 
The potential
 
impact on costs 
is shown in Table 2 for differing distances
 
from the production point. 
 The plant price of 60 escudos per
 
ton for the P6 de 
Pedra is based on 
the survey conducted by the
 
consultants. The transportation cost by 
:ruck is 4.4 escudos
 
per ton/kilometer, the weighted average presently existing in
 
the industry. Spreading costs for the tractor mounted spreader,
 
identified earlier in this study,were 
230 escudos per ton.
 

At 50 kilometers from the limestone plant the residual
 
product at 1.4 
tons per hectar has an equivalent cost of 714
 
escudos per ton, 204 escudos more than the 
one ton application.
 
This suggests that as long as 
plant price for a product
 
meeting government standard is less than 264 escudos it would
 
make economic sense to not 
use the P6 de Pedra at the higher

application levels. 
 This means that, even near the plants, sale
 
prices of 264 escudos or less will prevent P6 de Pedra from
 
being economically feasible.
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Plant Price 


Transportation 


Spreading 


Total Cost 


Difference 


Plant Price
 
could go to: 


TABLE 2 

COSt COMPARISON, P0 DE PEDRA v6
 

PRODUCT MEETING GOVERNMENT STANDARDS
 

(escudos)
 

50 km 100 km 150 km 

1 ton 1.4 tcrs 1 t-n 1.4 tns 1 ton 1.4 tons 

60 84 60 84 
 60 84
 

220 308 440 
 616 660 924
 

230 322 230 322 
 230 322
 

510 714 730 1022 950 1330
 

204 
 292 
 380
 

264 352 
 440
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As distance from the plant increases, the equivalent
 
or break-even price increases steadily due 
to greater
 
transportation costs. 
 At 100 kilometers the sales price of
 
material meeting government standards would need 
to be greater
 
than 440 escudos per ton beforeit would pay to use 
P6 de Pedra.
 
S.nce the production sources for agricultural limestone include
 
expected prices of 
less than 264 escudos per ton, little use
 
of residual materials is 
expected, except immediately around
 
the limestone plant. Further, the plants that have sizeable
 
amounts of residual material, e.g., Sesimbra, Loul6, and Alen
quer, are not generally located close to farming areas.
 

This analysis is sensitive to transportation costs,
 
equivalency ratios, and spreading costs. 
 Therefore, continued
 
monitoring of this alternative is appropriate. Moreover, the
 
equivalency rates used here only reflect 
 an average of the
 
samples taken by the consultants at 
six plants. Analysis of
 
the chemical and physical properties of specific plant products
 

may give differing ratios.
 

For 1983, it was 
assumed that the Sesimbra area could
 
provide 101,000 
tons from .he Galo plant which is scheduled
 
to be in production by late October 1982 
(Table 3). The added
 
capacity for 1986 
from that area would come from the Alho
 
plant 
 which is actually expected to be in production by late
 
1983. 
 Addition of a hammermill and seive at Alenquer would
 
allow use 
of the residual P6 de Pedra but that addition was
 
assumed to come 
after 1983. Both the Vila Vigsa-Borba
 

marble crushing operation and the Portalegre plants are propo
sals which require investments. 
 Thus, neither is considered
 
as a potential source in 1983. 
Because the materials which are
 
treated as residual at other plants 
are fully utilized in
 
construction activities of these firms 
at the Betecna, Rio
 
Maior and Ociras plants,and the prices were relatively high,
 
neither was included in the formal analysip.
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TABLE' 3
 

SUMMARY OF EXPECTED LIMESTONE PRICES
 

AND QUANTITIES IN 1983 AND 1986
 

1983 	 1986
 

Source Plant Quantity Plant Quantity
 
Price Price
 
esc tons esc tons
 

Sesimbra 	 220 101,000 Z/ 260 ./ 209,000 4/ 

Loul 60 V 130,000 Y 260 / 130,000 6/ 

Alenquer - - 260 210,000 

Fatima 800 ./ 18,000 £/ 800 6/ 105,000 6/ 

Montemor-o-Novo 760 1,000 £/ 760 ./ 11,000 6/1/ 


Vila Viqosa -


Borba 415 2/ 93,000 !/
 

Portalegre -	 - 400 300,000 / 

Serpa 	 400 Y/ 10,000 6/ - - 9/ 

SOURCE: 	 Summarized from information presented in
 
Chapter V..
 

1/ Based on expected price at Alho plant for material meeting
 
standard.
 

2/ Based on utilization of material from new line under construction
 
at Galo plant which is to be available in late October, 1982.
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3/ Based on development of alternative markets for residual
 
materials.
 

4/ Quantities to be available by late 1983 from the Alho and
 
Galo plants.
 

5/ 	This price from the ECOB plant was used because it was more
representative of the market than the 38 escudos price quoted
for the Galo plant. Tha consultants were 
told that the residual
P6 de Pedra from the Galo plant would meet limestone standards.
Nevertheless, for 1983, 
it was assumed that 110 percent as much
of the residual would be required. By 1986, 
it was assumed that
the 	residual would be processed further at a cost of 200 esc/ton.
 
6/ 	Based on information obtained at the production plant (See


Chapter V).
 
7/ 	Assumes that the size of the market for limestone will hold
production down and keep the price relatively high.
 
8/ The 400 escudos price was adopted based on 
the 	James Smith
report to PROCALFER.
 
9/ 	Because of its current age and condition the Serpa plant was
 not included as 
a longer term supplier.
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System Findings
 

The method of determining a least cost distribution
 
system for agriculLural ]i etnn in th: south is quite 

straight-forward. The system was analyzed in two time periods,
 
1983 and 1986. It was determined that the production and
 
distribution system presently existing would essentially be
 
the system existing in 1983. By 1986 other investments and
 
production changes could be available; thus, analysis of a sys
te.m for this time period incorporated more flexibility. 

The previously identified production sources, volumes
 
and prices were then combined with transportation costs to the
 
identified subregions to generate a potential delivered plant
 
price at each demand location from each of the production
 
sources. In total, potential production volume greatly exceeded
 
the estimated need for both 1983 and 1986.
 

A transportation cost of 4.4 escudos per ton kilometer
 
was used in the 1983 analysis; this cost reflects the weighted
 
average cost of the existing truck fleet. In 1986 the cost of
 
3.68 escudos per ton kilometer was used; this reflects the fact
 
that enough time exists for the trucking fleet to undergo
 
change towards the larger sized vehicles. Truck, rather than
 
rail,was used because only potential movements of extreme dis
tance were of a length, in kilometers,greater than the distance
 
where the cost advantage of truck over rail disappears. Sub
sequent analysis reinforced this assumption.
 

Supplies were then allocated to demand areas on a
 
least cost delivery price basis. The findings of the analysis
 
are summarized in Table 4 for 1983 and Table 5 for 1986. 
 In
 
1983, Sesimbra is the highest'volume shipper, moving almost
 
35 thousand tons or about 54 percent of total movements. These
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TABLE 4
 

ORIGIN - DESTINATION LEAST COST SHIPMENTS, 1983
 

Delivered 

Origin Destination 
Volume 
(tons) 

% of 
total 

price 
(esc/ton) 

Sesimbra Santar~m 3,220 669 

Setibal 1,260 
 334
 

Caldas da
 
Rainha 140 
 788
 

Santiago do
 
Cac6m 6,820 590
 

Portalegre 10,260 
 1,126
 

9vora 13,110 
 788'
 

(Total-

Sesimbra) 34,810 54.3
 

LOUl6/ Beja 
 8,810 
 757
 

Barlavento 
 50 
 258
 

Sotavento 
 70 
 60
 

(Total-

Loul) 8,930 13.9
 

(Total-

Serpa) Beja 
 10,000 15.6 532
 

(Total-

Fatima) Tomar 
 2,380 3.7 
 800
 

(Total-

Santiago Santiago

do Cacm) do Cac~m 8,000 12.5 
 400
 

TOTAL 64,120 100%
 

1/ Because of uncertainty about whether this product fully meets
 
government standards, calculations are based on a factor of 1.1
 to achieve the same neutralizing effect on soils as 
a product

meeting minimum government standards.
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TABLE 5
 

ORIGIN - DESTINATION LEAST COST SHIPMENTS, 1986
 

Volume % of 
Delivered 

Price 
Origin Destination (tons) Total .(esc/ton) 

Sesimbra Set6bal. 3,600 356 

Santiago do 
Cac6m 43,220 569 

tvora 1/ 22,655 735 

Beja ./32,505 749 
(Total-Sesinibra) 101,980 46.3 

Alenquer Tomar 6,800 654 
Santar6m 9,200 415 

Caldas da 
Rainha 400 422 

9vora i 22,655 749 
(Total-Alenquer) 39,055 17.7 

Loul Beja 2/ 32,505 	 757'
 

Barlavento 1,490 
 426
 

Sotavento 1,890 
 260
 

(Total-Loul6) 
 35,885 16.3
 

(Total-Por
talegre) Portalegre 35,460 16.1 521
 

(Total-

Santiago Santiago

do Cac~m do Cac~m 
 8,000 3.6 260
 

TOTAL 	 220,380 100
 

1/ 	Because of the extreme closeness in delivered price the demand
 
from the 2vora sugbregion was divided equally between Sesimbra
 
and Alenquer.
 

2/ 	Because of the extreme closeness in delivered price the demand
 
from the Beja subregion was divided equally between Sesimbra
 
and Loul6.
 

3/ 	The proposed plant at Vila Vigosa-Borba was initially used in
 
the analysis at 
a plant price of 415 esc/ton for production of

93,000 tofns. However, the analysis showed that this plant would
 
be able to market only 45,310 tons at this price. In further
 
analysis at the plant price of 660 esc/ton for 45,000 tons of
 
production, this plant was not a least cost plant for any demand.
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shipments are heavily in the north, with the exception of
 
Tomar's small need of 2,380 tons which is served by the
 
existing plant at Fatima. 
The remaining supply is spread
 
quite evenly among 
 Serpa, Loul& and Santiago do Cac6m who
 
each have about 12-15 percent of the total shipmens.
 

The least cost distribution system for 1986 is
 
quite similar 
(see Table 5) with Sesimbra supplying about
 
102,000 tons or slightly over 46 percent of the 220,380
 
annual ton requirement for southern Portugal. 
Alenquer,
 
which was not in existence in 1983,will provide about
 
39,000 tons or 17.7 percent ii.1986. 
 Loul6 and Portalegre
 
are 
expected to both have markets available to them for around
 
36,000 ton, 16 percent. Santiago do Cac6m continues to provide 
production for its 
local regional needs. 
 Serpa is expected
 
to drop out of production by 1986 because of its antiquated
 
and obsolete equipment.
 

The Ribatejo e Oeste region (number 5) receives,
 
in 1983, most of its agricultural limestone from Sesimbra.
 
Only Toinar does not receive shipment from Sesimbra since it
 
is served by its local production at Fatima.
 

The subregions of the Alentejo also receive some
 
shipments from Sesimbra but use more widely dispersed pro
duction areas. Both Portalegre and Evora are served by the
 
Sesimbra area limestone plants while Santiago do Cac6m is
 
served by local production. The Beja subregion will receive
 
limestone from both Serpa and Loul& in 1983. 
 Serpa is the
 
least cost supplier but does not have enough volume to meet
 
the estimated demands in Beja; thus, Loul6 is expected to
 
provide almost 9,000 tons.
 

The demand for agricultural limestone in the Algar
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ve is only 120 tons in 1983. This quantity is obtained from
 

the Loul6 area.
 

The least cost distribution system in 198.6 has
 
some significant changes from 1983. 
 Setubal in idbatejo e
 
Oeste still receives its limestone from the Sesimbra plants.
 
However, Tomar, Santar6m, and Caldas da Rainha 
areas will be
 
purchasing their limestone supplies from the plants at Alen

quer.
 

In the Alentejo in 1.986 significant shifts in dis
tribution are expected. Only Santiago do Cacem will continue
 
with the same purchase as in 1983, namely, buying from the
 
local plants. The new plant at Portalegre will eliminate the
 
Sesimbra shipments to the Portalegre region, The new plants at
 
Alenquer will be able to service about half of the Evora de
mand; 
the other half will continue to be purchased from Sesim-.
 
bra. Much of 
the Beja volume that originally was received
 
from the Serpa facility in 1983 will be purchased from Sesim
bra,with Loul& also increasing in volume in 1986.
 

The length of haul 
for the least cost movements is
 
indicated in Table 6. 
In 1983 most movements were either less
 
than 50 kilometers or 
between 100 and 150 kilometers. The
 
longest distance was 206 kilometers and the weighted average
 
was 84 kilometers. 
In 1986 the average distance had decreased
 
to 72 kilometers and the longest movement had dropped to 135
 
kilometers. 
Again, most least cost movements will be less than
 
50 kilometers or between 100 and 150 kilometers. These findings
 
support the assumption of utilizing trucks rather than rail as
 
the least cost carrier.
 

It is also evident that the high plant prices at
 
Montemor, Fatima and Vila Vigosa overide the locational advantages
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TABLE 6
 

NUMBER OF LEAST COST SHIPMENTS, VARIOUS DISTANCES
 

Distance 
 1983 
 1986
 

<50 km b 7
 

51-100 km 
 1 
 1
 

101-150 km 
 4 
 5
 

>151 km 
 1 
 0
 

Longest
 
Distance 
 206 
 13!
 

Weighted
 
Average 
 84 
 72
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of these firms. If plant prices can not be lowered, the
 

competitive activity of other production areas may eliminate
 

these firms from agricultural limestone marketing.
 

The delivered price and its components, plant price
 

and transport costs, are weighted by volume and summarized
 

in Table 7 for both time periods. The delivered price for
 

agricultural limestone is expected to decrease from 713
 

escudos per ton in 1983 to 555 escudos per ton in 1986. The
 

Algarve experiences an increase in delivered prices because
 

of significant increases in plant prices unbalanced by de

creases in transportation costs. The other two regions have
 

decreases in transportation costs that override the increases
 

in plant prices. As a result, delivered price decreases for
 

these two regions.
 

Transportation costs decrease for two reasons.
 

First the average length of haul decreases since more centrally
 

located plants will be in existence at that time. Secondly,
 

the cost per ton kilometer decreases from 4.4 to 3.68 escudos
 

as investment in new, larger 34 ton trucks occurs.
 

Several concerns about the assumptions of this
 

analysis should be identified. First, the 1986 system includes
 

firms that are not yet totally in existence. Second, average
 

transport costs per ton may be slightly understated since it
 

was assumed that, for a firm serving its local area, no
 

transportation occurred. Third, this system is based'on cost
 

effectiveness of plant price, transportation cost and resultant
 

delivered price in deciding purchase decisions. If other non

cost factors are part of the decision process, deviations from
 

this system may be seen. For example, to increase sales, some
 

limestone producers could absorb some of the transportation
 

costs. This could shift the distribution pattern.
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TABLE 7
 

LEAST COST MOVEMENTS AND WEIGHTED PRICE AND COST,
 

BY REGION, 1983 AND 1986
 

Price 

Item 


(1983)
 

Volume
 
(tons) 


Plant Price
 
(esc/ton) 

Transport Cos
(esc/ton) 


Delivered Price

(esc/ton) 


(1986)
 

Volume

(tons) 


-Plant Price
 
(esc/ton) 


Transport Cost
 
(esc/ton) 


Delivered Price
 
(esc/ton) 


Ribate3o
 
e Oeste 


7,000 


417 


239 


656 


20,000 


260 


162 


422 


Alentejo 


57,000 


252 


469 


721 


197,000 


285 


286 


.571 
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Algarve Total
 

120 64,120 '
 

60 
 '266
 

83 
 447
 

143 
 713
 

3,380 220,380
 

260 
 282
 

73 
 273
 

333 
 555
 



Marketing of Agricultural Limestone
 

The consultants considered several methods of
 
marketing bulk agricultural limestone to farms in the South.
 
As used here marketing consists of two functions: 1) the
 
physical shipment and handling of the product; 2) the
 
selling, advertising, promotion, purchasing, order processing
 
and payment for the product. This latter function we refer
 
to as purchasing and order processing.
 

Methods of marketing which appear to have merit in
 
the South are grouped below by their marketing function.
 

Physical Movement 
 Purchasing and
 
and handling 
 Order Processing
 

1. Direct to farms 
 By local cooperatives
 

By individual firms
 

By limestone plants
 

2. Through a local distri-
 y local cooperatives
 

bution point with either
 

farmer pick-up or delivery<
 

to farms including srreadinB
 

B individual firms
 

Initially, farmers may buy direct from the limestone
 
plant with direct shipments to the farm, but as 
volume increases
 
efficiency will be gained by consolidation and coordination
 
of the physical movement and purchasing and order processing.
 
Further, local outlets can provide "hands-on" information and
 
technical assistance service to 
the farmer in his purchase of
 

limestone.
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As volime begins to increase marketing should be
 
accomplished through a local system already in existence.
 
This is particularly appropriate since demand is uncertain,
 
making it important to keep the system flexible. Agricul
tural cooperatives, particularly farm supply cooperatives,
 

offer an existing service to farmers in their area which
 
could generally be expanded to include agricultural limestone.
 

Although some cooperative may not be in a position
 
to act as local limestone suppliers their numbers appear to
 
be sufficiently large to meet needs. 
 In Portugal at the end
 
of 1979, there were about 85 farm supply cooperative and 160
 
cooperatives engaged in both supplying inputs to 
farm production
 
and in buying farm products 1/. Of these, some forty-eight
 
were in the Alentejo 
-- the region where most of the agricul
tural limestone is expected to be used. 
 The distribution of
 
these cooperatives within the Alentejo appears to be well suited
 
to a system such as has been described (Map 1.). The Riba
tejo e Oeste and the Algarve also have numerous cooperatives
 

which could serve those regions 2
 

1/ 

2/ 

Segurado, Jos6, Breves considerag6es sobre as Cooperativas
Agricolas de Compra e Venda, Minist6io de Agricultura e 
Pescas, Direccao-Geral de ExtenQ~o Rural. FEV 1980; and,
Sampaio, Maria Ernestina Pato Melo, Cooperativas Agricolas
do Alentejo, Direcgao-Geral de Extensao Rural, Direcqao de 
Servigos do Associativismo Agricola, 1980. 

Lists of Agricultural cooperatives were obtained from 
Direcgao Geral de Extensao Rural. 
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These cooperatives, as well 
as production cooperatives

and farm product marketing cooperatives, could serve as 
lime
stone purchasing agents for farmers with the limestone moving

in bulk directly to the farms. 
 As envisioned, the local
 
cooperative would take orders, consolidate them, and provide

them to limestone producers, 
 Delivery would ordinarily be
 
direct to 
farms in bulk trucks provided by the limestone pro
duction plants, by the cooperative, or by for-hire truckers.
 
The cooperative would retain a small percentage of sales to
 
cover its costs of taking orders and making payments.
 

This system could operate in much the same way for
 
smaller farmers who might require less than a truck load, ex
cept that delivery would be 
to the cooperative rather than
 
directly to the farm. 
 The farmer would then obtain the lime
stone, in the quantity desired, at the cooperative.
 

In the longer term, if consumption increases as pro
jected, local cooperatives may consider joining together in
 
their purchase of limestone 
to achieve greater efficiencies in
 
arranging for purchases, consolidation of orders, and order
 
processing. 
 Such joining together would also fit into coopera
tive spreading operations on the larger farms and cooperative
 
owned trucks for over-the-road transport and local delivery to
 
the smaller farms.
 

North And South Interactions
 

Comparisons
 

Comparison of the proposed limestone production,

transportation and distribution system for Southern Portugal

with the existing system in Northern Portugal reveals sharp
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contrasts. 
 The 	following table illustrates the differences.
 

NORTH SOUTH 21
 

(esc/ton)
 

1. 	Weighted Average Plant
 
Price 
 758 266
 

2. 	Weighted Average Trans

port cost 
 1005 447
 

3. 	Weighted Average Delive

red Price 
 1763 713
 

4. 	Weighted Average Subsidy
 

Price 
 705 none expected
 

5. 	Price to farmer 1200 800 1/
 

Each of the components of plant prices and transport
 
costs are substantially higher in the north, even in 1981 as
 
compared to the proposed 1983 system for the south. 
 A
 
discussion of why these differences exists follows:
 

Plant Prices
 

The product purchased in the South is principally from
 
large highway and construction aggregate plants processing
 

1/ 1981 figure for 36,089 tons. Delivered to local 
cooperatives. 

2/ 1983 figure for 64,000 tons. Delivered to farms. 

3/ Includes a handling margin for local cooperatives 
as purchasing and order processing agents. 

to act 
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a residual (waste) product into agricultural limestone
 
meeting government standards. The product is shipped in
 
bulk. Thus the agricultural limestone produced bears
 
iit-le of the joint costs of producing crushed limestone
 
rock products and there is no bagging cost.: 
 Plants in use
 
in the north are producing agricultural limestone, in bags,
 
as a joint product in their limestone crushing operations.
 
Consequently in the north agricultural limestone is bearing
 
its share of total costs of producing crushed limestone rock
 
products and the cost of bagging at the plant 
- an estimated
 

350 esc/ton.
 

It is noted, however, that if a significant market
 
is found for the residual product, as has oc.curred in some
 
cases at plants 
in the south (for highway construction, for
 
example) total costs 
are likely to be reallocated towards
 
the agricultural limestone,and the selling price set to meet
 

the market.
 

Considerable limestone rock crushing plants producing
 
highway and construction aggregate exist in the north, general
ly in the area bounded by Rio Maior on the south, Coimbra on
 
the north, Leiria on the west, and Tomar on 
the east. Most of
 
these plants would have a residual product capable of being
 
further processed into agricultural limestone. 
One such plant,
 
Quisselgur, located at Fatima, is currently processing resi
dual product into agricultural limestone meeting government
 
standards and has submitted a credit project for expansion.
 
This plant's price for agricultural limestcne is 850 esc/ton, 
reflecting the current subsidized northern market rather than production
 
costs. Production costs would be estimated at 260 esc/ton for
 
residual product processed into agricultural limestone plus
 
350 esc/ton for bagging for 
a cost of 610 esc/ton.
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These types of plants would be expected to produce
 

agricultural limestone by processing residual product, depending
 

on the volume of agricultural limestone requested by northern
 

and sonthern farmers.
 

Transport Costs
 

The difference in transport cost between the north and
 

south is due to shorter distances in the south than in the north.
 

The average distance for the proposed southern system is 84 kilo

meters while the average distance for northern shipments is
 

estimated at over 200 kilometers. Both areas use trucks for
 

transportation. The estimated truck costs for the north are 3.87
 

esc/ton with nrices running just below that, while in the south.
 

truck costs are estimated at 4.4 esc/ton with prices slightly
 

higher.
 

Farmer Prices
 

The difference in farm price between the north and the
 

in fact, slightly
south is estimated at 400 escudos per ton. It is, 


more than this since the 800 escudos price in the south is a price
 

delivered on the farm whereas the 1200 escudos price in the north
 

is the price of agricultural limestone delivered to the local
 

cooperative. The limestone must then be distributed to the farm,
 

increasing further its delivered farm price.
 

Moreover, the 1200 esc/ton price to the farmer in the
 

north is one that all f'rmers in the north pay regardless of
 

distance from the limestone plant. Farmers in the south will pay
 

a market price for their agricultural limestone which will consider
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distance from the plant. Thus, while the average price to the
farmer in the south will be 
an estimated 800 esc/ton, farmers will
 
pay from 160 esc/ton to 808 esc/ton depending upon the distance
 
their farm is from the limestone plant.
 

Interactions
 

Obviously, there is no Maginot line between northern
 
Portugal and southern Portugal. Shipments of agricultural limestonE
 can move readily between the two 
areas. 
But, because of beginning

the program first in the north, with its identified difference,

two systems that have different structures have developed. Thus,

there will continue to be some imbalances until the two systems
 
are merged.
 

Some potential interaction between the areas are seen.
For example, at Portalegre, shipments to the north will probably
 
occur, especially into regions 3 and 4. Conversely, shipments of
bagged agricultural limestone to the south will occur from F~tima
 
area plants to 
those farms that need bagged limestone because of
 
small, inaccessible fields.
 

Other imbalances may result. The subsidy in the north

is designed to achieve 
a 1,200 escudos delivered price to the farm.
It would aprear natural for this 1,200 escudos farm price to also
be available in the south. And, since delivered farm price is

relatively low in the south, no actual subsidy by the government
 
would be necessary.
 

However, the subsidy could be difficult to control
because the southern bulk limestone price, as developed by the
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agricultural limestone producers, would tend to gravitate toward
 
the subsidy level, thus requiring subsidies. Such payments would
 
be direct subsidies to limestone producers and would not be
 
aiding farmers or lowering their effective farm price. One method
 

of avoiding this Problem might be to provide a subsidy that is
 
related to the bagged limestcne needed by some of the smaller
 
farmers in region 5. This potential problem suggests that early
 
phase out of the subsidy program would lessen these imbalances.
 

On the positive side, efforts by northern farmers to
 
obtain bagged and bulk limestone at lower prices will provide
 
economic incentives to northern plants to produce agricultural
 

limestone from residual products, putting downward pressure on
 
bagged and bulk limestone prices in the north, and provinding
 

price competition to southern plants.
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VIII RECOMMENDATIONS AND IMPLEMENTATION PLAN
 

1. 	 The findings of this study suggest that, at this time,
 
the role of the Government of Portugal in the South should be
 
one of education, information provision, and monitoring, not
 
one of formal participation in the limestone production and
 
distribution process, 
as 
is done in the North. Delivered
 
prices to farmers in the South are 
below prices in the North.
 
Demand for limestone is presently uncertain and supply appears
 
adequate. The consultants therefore recommend that no 
subsidy
 
be given in the price to the farmer in southern Portugal,
 
except in the purchase price of bagged limestone to small farm
 
near the northern region.
 

2. 
 Given the relatively large limestone crushing capacity
 
in the South compared with the current limited demand, conside
 
able caution is rccommended concerning effort: 
to expand
 
production of limestone 
to avoid building production capacity
 
beyond probable demand. Financial support for construction of
 
limestone production plants is not recommended for most of the
 
South. However, because of its value to both the northern and
 
southern porgrams in supply of crushed limestone in bags,
 
support for the Quisselgur plant expansion is recommended. Witl
 
respect to the Portalegre plant, approval should be granted
 
when demand warrants. Financing should then be provided in
 
proportion to the production of agricultural limestone relative
 
to highway aggregate.
 

3. The potential direct use of P6 de Pedra, the residual
 
product from limestone crushing activities, ac agricultural
 
limestone needs further investigation. An equivalency table,
 
similar to the one presented by James Smith and adapted with
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minor modification for this study, should be developed for the
 

soils of Portugal. Such a table should indicate decreased
 

amounts for those products that are above the current minimum
 

government standards as well as indicating increased amounts
 

needed of lower grade materials. This table should be developed
 

by Portuguese soils technicians at the soil testing laboratory
 

of Direcgao-Geral de Extensao Rural.
 

A more detailed analysis of the economic feasibility at
 

the farm level should be done. This analysis should include
 

specific product plant prices, updated transportation costs,
 

and refined spreading cost estimates. Only if such analysis,
 

based on an equivalency table tailored for Portuguese soi)s,
 

indicates economic feasibility for the farmer, should requests
 

for changing of government standards be generated. This analysis
 

should be done by Eng. Victor Oliveira of MACP.
 

4. 	 An evaluation of the North and South limestone program,
 

and the interactions, ahould be undertaken. Implications from
 

each area program to the other exist in credit, subsidies,
 

consumption, and price structure. This evaluation would require
 

the aid of a consultant serving as a policy and technical
 

advisor on distribution matters in both the North and South.
 

This study should be initiated in the Spring of 1983 when more
 

data are available and investment decisions (by private and
 

public bodies) have been made. It should be combined with the
 

analysis of trucking rates and costs in the south.
 

5. 	 A record keeping system that will allow monitoring of
 

limestone use in the south, and evaluation of the distribution
 

program, is needed. The consultants suggest that invoices from
 

the Cooieratives showing the chemical and physical nature of
 

the product, the source, plant price and transportation charge,
 

be supplied to the Regional Services. These should be summarized
 

each quarter and analyzed be Eng. Victor Oliveira of MACP. They
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would also be used by Regional Services Extension personnel to
 
advise farmers on particular application of the equivalency
 
table to their soils. A directive from MACP to the limestnne
 
plants may be necessary to achieve inclusion of chemical and
 
physical properties of the product on each invoice. The need
 
for 	this suggested recommended record system should be review-'
 
ed periodically.
 

6. 	 Because the need for agricultural limestone and thus
 
the expected demand are 
extremely difficult to assess, the
 
consultants recommend that considerably more work be done in
 
this area. For example, full use 
should be made ot- existing
 
agronomic information from summary data from soil testing
 
laboratories. These data will allow a detailed geographical
 
mapping of soil pH in Portugal and indicate how the pH change<,:
 
over time with limestone use. This information can then provJ
 
a basis for analyzing program dirrctions and suggesting
 
modifications. The Coordinating Group could arrange with
 
PROCALFER to contract this work.
 

7. 	 Greater use of experimental plots is recommended to
 
provide improved understanding of probable yield response to
 
limestone application, either alone or in combination with
 
fertilizers on various types and classes of soils. Demonstration
 
plots which are established as Extension tools should not be
 
considered as 
substitutes for statistically designed experiment
al plots.
 

8. 
 To encourage the development of a market in agricultural
 
limestone, the con;ultants recommend that information on plants
 
producing agriculttral limestone be provided to cooperatives
 
and farmers. We also recommend that producers of agricultural
 
limestone be kept filly informed 
on actions to increase lime
stone use, on quantities being used, and on marketing agents
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such 	as cooperatives. Two mailing lists of producers and
 

cooperatives should be developed to facilitate information
 

excnange. This should be done by Regional ServiLas, coordinatec
 

by Eng. Victor Oliveira.
 

9. 	 Increased extension activities with Cooperatives and
 

farmers to stimulate limestone use is encouraged. Extension
 

workers should be provided training as needed to help them
 

work with individual farmers in assessing the expected gain
 

in revenue from use of limestone alone or in combination with
 

changes in fertilization, rotations, and other aspects of the
 

farming system being used. Specific training in farm manage

ment and in use of the equivalency table to be developed for
 

Portugal is recommended.
 

10. 	 To aid in the information exchange, and increase market
 

awareness of the agricultural limestone program, a continuing
 

effort in further refining the costs of limestone production
 

and inventory of production sources, as developed by James
 

Smith and consultants, is r commended. Further identification
 

of plant process costs, probably utilizing the economic

engineering ap.,oacrb, should include the possibility of the 

use of screenina as a low investment method of producing an 

acceptable agricultural limestone product. 

The 	inventory of production sources should also receive
 

further attention as a means of gene::atinct limestone supply and
 

competitive pressure on plant prices. Additional samples should
 

be taken to determine the physical and chemical properties of
 

the 	product at each site.
 

These activities can be undertaken by Regional Service
 

personnel and the transportation techniciaii of MACP. Consul

tants may be used to guide the effort next spring by providing
 

technical assistance to the Portuguese officials in the above
 

activities.
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11. 	 Further study cf trucking rates and costs should be
 
initiated. Rates thus far are 
"paper" rates since few actual
 
shipments have been made at these rates. Because the rate/cost
 
relationship in the South appears high, the potential benefits^
 
of "real" rate and cost relationships to cooperatives and
 
farmers is great. This monitoring activity would allow modificd
tion and updating of the cost equations,developed in this study,
 
to provide timely information for cooperative or shipper use.
 

12. 
 Serious consideration should be given by the cooperative
 
in the south to development of some trucking capacity, probably
 
in the form of a truck cooperative. The published tariffs for
 
truck delivery by limestone producers appear to be substantial
ly above the 
costs of operation, especially on 
large trucks. In
 
addition to possible rate savings realized by cooperative
 
trucking, potential economies are available, e.g. backhaul,
 
annual mileage, interest, flexibility, etc., which could
 
further lower costs of trucking. Therefore, as agricultural
 
limestone movements develop in the south, and as actual rate/
 
cost 	relationships are identified, it is 
recommended that
 
cooperatives either form a trucking cooperative or purchase
 
their own trucks.
 

13. The distribution system for agricultural limestone
 
should be based on existing cooperatives, probably those already
 
engaged in farm supply, and should use existing marketing
 
channels to 
the extent possible. Such cooperatives would handle
 
the order processing but little physical handling would be done,
 
except for very small farms. No government agency, equivalent
 
to Codical in the- North, is recommended. No union of all the
 
cooperatives exists in the south and such 
a union is not
 
necessary for implementation of the recommendations of this
 
study.
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14. The consultants recommend a truck delivery system in the
 

south utilizing open dump trucks and production plant to farm
 

delivery. Because the supply of for-hire and limestone Plant trucks
 

appear adequate, no financial or other incentives should be
 

necessary at this time.
 

15. The training program of Eng. Victor Oliveira should be
 

continued. His performance as technical advisor to the
 

Coordinating Group and Codical has been strong but his future
 

activities will be greatly aided by increased training. Suggest

ed subject areas are transportation economics, economic cost
 

methodology, survey techniques, limestone and fertilizer
 

production, logistics management, agricultural marketing and
 

governmental relations. It is recommended that such training
 

be in the United States, probably in early fall of 1982.
 

16, The consultants recommend that the Agricultural Lime
stone Distribution Study for Southern Portugal be translated
 

into Portuguese and made generally available to PROCALFER,
 

Regional Services Coordinators in the North and the South of
 

Portugal, Extension personnel, and the Ministry of Agriculture.
 

The executive summary and recommendations should be immediatly
 

translated and distributed. Such distribution would encourage
 

comments by knowledgeable persons. These comments could lead
 

to improved solutions to issues related to providing limestone
 
to areas where needed. To assure that all comments which are
 

received are given full consideration, the Coordinating Group
 

should have responsibility for summarizing contents received.
 

Subsequent reevaluations of the limestone program could consider
 

both the Southern report and these comments.
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IMPLEMENTATION PLAN
 

Activity 
 Date 
 Personnel 
 Resources'
 

P - Translation and Fall, 82 USDA/OICD 
 4 weeks

Distribution of 
 PROCALFER

Study (Rec. 16) 
 Taam
 

P - Quisselgur Fall, 82 Coordinating

Decision (Rec.5) 
 Group
 

P - Soil Test Fall, 82 
 Soil Scientists 
 Continuous
 
Summary and 	 (Portuguese)

Analysis (Rec.6)
 

A - Training of-Eng. Fall, 82 
 Lauth 
 4-6 	weeks
Victor Oliveira 
 Casavant, Smith
(Rec. 15) 
 (Consultants)
 

A - Distribution 
 Spring, 83 Casavant 
 4 weeks
 
Review and 	 (Consultant)

Implementation 


(/

1) Truck
 

Cooperative
 
Feasibility
 
(Rec. 10)
 

2) Rate/cost
 
Update
 
(Rec. 9)
 

3) North/South
 
Interaction
 
Analy"-is
 
(Rec. 14)
 

4) Review and
 
Analyze
 
Current
 
Production
 
and Distribu
tion and
 
recommend
 
changes
 

1/ 	To be coordinated with Lauth review and implementation of
Northern program scheduled for Spring, 1983.
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Activity 

P/A - Production Plant 
Inventory and 
Cost update (Rec.13) 

P - Analysis of Lime-
stone Equivalence 
Table and Develop-
ment of program for 
uze. Training of 

Date 


Spring, 83 


Fall, 82 

Through Spring 

Spring, 83 


Continuous 

Extension (Rec.6,8) Training 

P Portalegre 
Decision (Rec.l,5) 

83-85 

P - Record System 
(Rec. 12) 

Fall, 82 
to develop 

P/A - Extension Training 
Farm Management 
Shbrt Course 
(Rec. 2) 

83-85 
Fall, 82 

P/A - Crop Response 
Experimental 
Plots (Rec. 11) 

83-85 

P Information 
(Rec. 3) 

Fall, 83 
Continuous 

Personnel Resource
 

Victor Oliveira 4 weeks
 
Regional Services
 
Casavant
 

Laborat6rio 6 month
 
Rebelo da Silva Continuous
 
Regional Services
 
Extension
 
Regional Services
 
Coordinator
 

Coordinatihg
 
Group
 

Coordinating 8 weeks
 
Group
 
Regional Extension
 
Service
 
Regional Coordinators
 
Victor Oliveira
 

Extension Services Continuous
 
Farm Management 4-6 weeks
 
(Consultants)
 

Research Services 6-8 weeks
 
(Consultants)
 

Regional Services 4 weeks
 
Victor Oliveira
 

P - Program Actions 

A - Advisory Actions 

P/A - Combined Program and Advisory Actions 
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To provide more complete information the eight samples
 

were screened with a 60 Mesh Screen with the following results:
 

Amostra 2879 - n9 1 0,25 mm US Standard 60mesh - 28,21% 

Amostra 2880 - n9 2 0,25 mm US Standard 60mesh 48,33% 

Amostra 2881 - n9 3 0,25 mm US Standard 60mesh - 24,37% 

Amostra 2882 - n9 4 0,25 mm US Standard 60mesh - 18,00% 

Amostra 2883 - n9 5 0,25 mm US Standard 60mesh - 24,50% 

Amostra 2884 - n9 6 0,25 mm US Standard 60mesh - 12,40% 

Amostra 2885 - n9 7 0,25 mm US Standard 60mesh - 30,20% 

Amostra 2886 - n9 8 0,25 mm US Standard 60mesh - 21,92% 
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PED).EIR-A TEODORO GQ'-.S AiHO 
I 

Carbonates (Co3 Ca) ........
 95/98
 

Perda ao 	Rubro .......................... 42/43
 

Silica (SiO2) ......................... 08/10
 

Aluiana (A.203)1 ........................ 
02 

+ TiO
 2. . . . . . . . . . . . . . . . . . . . . . . . . . 03/10 

Farro (Fe203 )............................01/02
 

Calcio (CaC) ............................ 35/56-


Racnesio 	(Mgo)............................ 05/06
 

Alcalis 	 (Na,Y) .........................
 
(Ia 2 0) .......................... 002
 

(12 ) .. ...................... oo8
 

Outros resultados:
 

Desgaste 	 de wLOS ANLLELES" ...... 32/34 

Pesi ste:jcia ........................... 350/400 I /Cp2
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I............-C.c£.reO,.. ;.,.-..T..I * -T-'-- '--, jut vinhc e[. .... .
ur el .rri. . 
fn. saco de...Pl
pi.t 
 J.ca, , .
 

.... ........ b)if cre 'i 


....... .... fJ rt-1uv --- - --Ir'o,--- - --------- tr.-- rW.-- - ...........................
...... _.. Lo.6,J.. .......7. 1 
..............................
........
 

Cerfiic.se que o tnlise do reeridb en:osio conduziu oc', secumies re!.uhbdo : 

(no caic~reo seco a I009C): 

Perda ao rubro ---------------- 43,19
 

Silica (SiO 2 ) ------------------ 1,01
 
AlumTnio (A1203) -------------- 0,1?
 

Ferro (Fe203 )--------------------...
 
C5Icio (CaO) ------------------ 55,3.1
 

hagnesio (l.gO) ------------------ 0,67
 

- .- . A :* 

0 Dirior do Leboai6ric,,, 

lisboo, 27 de . lovembro. de 197 9.
 

http:Cerfiic.se


I-, I, IIIIt . -,, 1, .11.1 " .. ,, s I -I| )t.ls 

Itt.1U& l& tI lSIArJ'I) UOJ(IMINl() AGiA|,u 

DIRECCAO.GIAt DI I.XIENSAO RURAL 

,'ien-r ' Z -,. -" . _......................................... .... ............. .. ... .
e . ... A, "................. ....................
" fw c nto a amostra ntr ).apre..ntaca .. 

e e C . .. ......... .. . ........... ...................................... .....
 

urtza da ........... .......
Proveni , 

-dic-lor1nmcta ia arnostra $.2 C.-n rEWC~~ ..
 

firrCe.i do rtoh~ ~~~~ &

_.. .. ..... -... . . "7*... ,.. 

........... .... ...
 

....... .... . _... . ......... .... . .. . ..-.-. . ...,,... r
. .. . . .. C . . . .. .............. . . .................


C....... ..::::::::::::: ...
::: ...........
" ..... .... ... . n .-.,.,...... . ... ...........
 
. ' ' 

......................
. -o.. .. . .---.. 

: ............_... . .... ......... .. ........................... . ....... .. ...................... ......... ......... ....... ...... ...... . .
 

.. ...... .. ., ... . '.
...... .. ... .. . .... ..... , ....
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CA L B RITA
 
.-- * ....;.?,.1 ,SOCIEDDE E BRIIAS DE FI;IERDD PLEIR I FILEOM, LOi. 

SDE: CASAL DOS FORTES - ALENOUER 
PEORCIRAS: CARAPINHA. OUINIA DA MO17A E SANGUE REAL 

-rELErS.: 72 140- 72A245  72471 IPPC) APARI. .4 - 25D ALENOUER 

TABFT,A DE PPFYYoS 

S NA P' FYT.'P; _ 

- SOBRE C.-T-,.,0 ], P MF TDRF 

3RANUXLO1'1Eq1RI 

T I P 0 n n PRD O I'D 

BRITA i- I (bago de arroz) 4-6 .. 290$00 

BRITA il 1 6-10 290$00 

BRITA ir- 1 6-15 290$00 

BPTTA IV 2 15-25 290$00 

BRITA Ir 3 25-35 290$00 

BRITA N- 4 .35-45 290$00 

BRITA 1- 5 (cascalho grosso) 45-70 265$00 

,RON2Ai.NTO 265$00 

EM.0] CP.2MN (de m'qquina) 265$00 

ALVE ARIA 265$0O0 

TOUT-VE2UMA 245500 

P-ESIDUOS * 120$00 
PC DE PEDRA .. - -- 12e$OO- 

rPq1 P E O SAO ACRESCIDOS DE 15% I.T 

FESTA TABE.A :T.RA Ell, VIGOR 

NO DIA 1-2-982 

ESTA T.P3E:LA .NlvULA A 7,1TERTO0 
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CASA GALO
 

TABELA DE PREQOS A PAI{TIR DE 15/9/81 

VENDA NA PEDREIRA 

IIAGO) DE A1HROZ CUSTO CADA M........................................ 350$00
 

BRITA N2. CUSTO CADA M........................................330$00
 

lil1'A N". .: CISTO rADA M?....................................... 330$00
 

IBRITA NP. 3 CUSTO CADA WI....................................... 320$00
 

IiRlTA NP. 41 CISTO CADA M........................................300$00
 

I/' GASrII.ll() ';U]STC CADA M........................................ 300$00
 

.... .. ...... ..... .... .....
 .......
TOUT VENANT CUSTO CADA M 
 .......290$00
 

MATAC6ES OU TOT CUSTO CADA M........................................ 290$00
 

PO DE PEDHA CUSTO CADA MI....................................... 50$00
 

DETRITOS PFDRFIRA CUSTO CADA Mt ....................................... 30$00
 

Srs PRE OS TEEM UM ACRESCIMO DE 155: DE ].T. 

BOLIQUEIME, 15 de SETEMBRO DE 1981
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i 

6 Jrja . C. E. C I LAR. 21[A~
CONSORCIOOOS IWOUSTRIAIS DE BRITAS BO OISTRIIO DE SETOBAL 
TELEFONES 2231 362 / 2231 030 / 2231 570 

APAITADO 19 

It DA NACXONAL 379 

~~T~odcrO tcnSaLz SESI MBRAA-2970 

Exmo.( Senhor('): 

Devido ao agravamento do custo da produrdo, bern contra a nossa vontade, 

somos obrigados a fazer una ligeira rectifica do dos preos de venda dos nossos produtos, 

corn o previo conhecimento da Direcqao Geral dos Produtos Nao Alimentares. Assim, a 

partirde 0 I/q/82 os preos de venda na pedreira passam a ser os seguintes: 

5 , - Bago de Arroz ....... 36 0$0/m3
 

hi // . Brita n.0 I. . 360500/m3
 

, Brita n.0 2 ......... 36000/m3
 
, - Brita n.0 3... ...... 340$00/m3
 

L/ Brita n.* 4... .....
. 340S00/m3 

1/2 Cascalho ........ 340S00/m3 
Cascalho Grosso ....... 3.40$00/m3 

Enrocamento ........ 340$00/m3 

Tout- Venant ... ....... 340$00/m3 
Tout- Venant 2... ....... 260S00/m3 

Matacies ou T.O.T....... 260$00/m3 

ReThgos de Britas ........ 20000/m3 

' /et" de . . . ... . . 75$00/m3
Detritos de Pedreira ...... 40$00/n3 

Esfes preqos n~o incluem o Imposfo de Transacq8es. 

Agradecendo desde jd a melhor compreensdo de V. Exa. (), subscrvemno-nos com 

particular estima e considera'do 
BRITASUL - A. C. E. 

A Gerincia 
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INDUSTRIAlS. PROPRIETARIOU 
E EMPREITEIROS DE OBRAR PUBLICAS 

Ped ,¢.., 
11-c 

C.-..., 

di Btfltgtn, M G.+cmnc e. Sllub.! 
P. E.....t6€v{ . rplenqn . 

Elu Il~u. . C-P.0,,1, . D-p-., 
d , C". CoIC iiI 

-
Ab,, 

• C 

l* beW 
V.I., 

dtmto, 
TELEFONES, 

ZSCA17011o 
I' ES- OtNCI 

-
- 

223114 
4 - 223 

2 2 3 5 3 2 
285 

0 

ZAMBUJAL • 2Q70 . SESIMBRA 
P... AA, 

Exrno.(') Senhor (5): 

Devido ao agravani o do custo da produpdo, bern contra a nossa vontade, 
somos obrigados ajzer urea ligeira rectificapgo dos precos de venda dos nossos prodntos, 
corn o prvio conhecimelno d/a Direc7o Geral dos Produtos Ao Alirentares. Assim, a 
partirde 01,'9/82 Os preos de venda na pedreirapassam a ser Os seguinles:. 

Ba.,o de Arro: ........
 360500S '3
0Brita n. I .........
 360500'm3 

Brita n.0 2 .........
 360500 in3 
Briia n.0 3 ... ....... 
 . 340500 m3 
Brita n.' 4 ......... 340500 m3 
1!2 Cascalho ........
 340S00 'm3 
Ca~ealho Grosso .......
 340S00 10 
Enrocamnto ........ 340500 V'3 
Tout. .'ca .......1... 340500 m.3 
Tot- I'enant 2." . ...... . .26050 m3 
Alatcucs ou T.O.T. ...... 260500 m3 
Rc"tit.os dc Brima.. . . . . ... 20500 10 
P; de Pe/ia ........ 75500 m3 
Derios (t-' Pcdrira ...... 40S00in.)3 

Esfes precos n~o incluem o Imposlo de Transacq6es. 

.4:.rad, ,'' , .!,..v',/,, .i (a I,1'/hor coI , 1 l'm/i.e. o deI %E.vl-a. C), siI'c ,-t-mo-nns((Ml 

p)articulares iliu ,v , i)* ,2,' ... , 
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97osed C9lanuel dos C5anlos 'Bite 

OBRAS PCJBLICAS - PEDREIRAS 

Tal.! onat, Escril6ric 82 181 - Pedreirs 853177 

Largo Macjudo dos Santos. - MONTEMOR-O-NOVO7 1050 

TA!IA If~ !.TCOS 

T!O
I''' )P.: 

jnA 
I'"A 

rPT'Cfl NO HATO 
M: 40 f:l 

PP'r(p
*it) w! 

PAfA AI.r'l 
a 111(i 1%*' 

'?I: 

1A.M0 FINO 759'-"/ 1ol' 1 375 :-"/,r 

i iC1) rl S 0()r! f-1), tt: , ' 122r'o/ 

-'rit~ra' em~ vi.rnr emz 23.6l.82 
..l ;ii t% 1)e1 nntercr r s 

)tontcrnor-o- ovo, 23 tie funho o 1082 
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.ose'Wlapicl /os cnlos l3ihe 

O . 't . AS . PEOPEIPAS 

T . V.2193 P.dr. 85177ri#6::a * 

aryI HU .a,t,Th,i, nc -. ,o50 r.,HrIi.--nc: 

TABELA 	 DE) PRE OS 

PRIfOS 	NA PEDIETRA
 

BRITA 	1 ............ 38000 + 15% - 437100/
 

.2 ............ 38000 + 15% = 437800/
 

3 ............ 380OO + 15% - 437SOO/
 

4 ............ 380I00 + 15% - 437'00/
- .. .. ..	 + 1 5% A..,..... .. 3 8 0 ,130 = 7Coo/1 
TOUT VENANT ........... 300 155 5o/
 

RACIIO.. ............ 360U + ]5% 414000/
 
PO - ;........ 240u 00 + 15 = 27 6 G /
 

PRE90 DO TILN'SPORTE PARA: 

ALCACER DO SAL ........ 250!',00/03
 
ANIR1TLOS ........ 3o,"o/,-3
 
CAIELA ........ 3(0COO/M3
 
cr l]uilRO ..... 300$00/03 

ESCOUTIAL ....... iooo0o/m3
 
EVORA ........ 23o$0/r.3 
LAVRE ........ 300'00/n3 
MONrEMOR 230."OO/3 
S. CnISTOVo ....... 250,00/C13
 

2 00/r3S. Geraldo ....... 6 0,O.' 

S. sEASTLAO ........ 120000/i.3 
TOII 0 ........ 0O0/r3 
VENDAS NOVi'S ........ 3 /3 
VIANA ........ 0/3 

- Esta tahela anula an nnterinreo
 
- Entrou am vigor no dia I de Jlunho de 1982
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