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ABSTRACT

This study provides a comparative analysis of the land
transportation infrastructure in Peru, where there is
intermodal competition, specifically between road and
rail in the Region Central (Central Region). Based on
this analysis, which means of freight transport used to
carry goods such as solid bulk, considering producers
and consumers competing for mining logistic contracts
to the Port of Callao, is established. The results show
that transferring mining freight from road to rail reduces
vehicular congestion caused by the intensive use of
trucking.

Keywords: Transportation infrastructure; intermodal
competition; freight transportation; solid bulks; mining
logistics.

INTRODUCTION

The Carretera Central has collapsed due to the increase in traf-
fic, principally due to the excessive presence of heavy trucks that
make the highway dangerous and cause drivers to reduce their
speed and assume higher economic impacts due to the time lost
in said traffic caused by vehicle congestion, which averages 40
km/h according to Casapia (2014). One solution to this problem
is to build a new road; however, this would require a highly engi-
neered and highly financed process, necessitating the introduc-
tion of an alternative means of land transportation for goods such
as minerals. As a result, this study addresses in depth the contri-
bution of the railway, whose average speed is 25 km/h (with stops
at stations and synchronization of locomotives and wagons), with
the objective of meeting the requirements of the national produc-
tive activity and reduce road congestion produced by it.

Background

Since its arrival in the country, automotive road transportation has
been in competition with the railway, which had been developed
50 years earlier. However, the railroad transportation system in
the center and south of the country has been witnessing a slow
decline, even as other countries are currently reaching a balanced
situation in terms of volumes of cargo being transported.

Peruvian national productivity is strengthened by mining, which
is why there has been an expansion of the road network with
primacy over rail transport; in this way the Ferrocarril Central
(Central Railway) is in direct specific competition with the Car-
retera Central. According to Casapia (2014), these two modes of
competitive transportation comprise the “central bimodal”, which
connects the regions of Pasco, Junin and Lima with the Port of
Callao; therefore, it is deduced that the transportation of freight
by trucks is almost four times the freight transported by trains,
leading to congestion of the highway (see Figure 1).
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Figure 1. Intermodal competition flow of the “bimodal central” and concentrate loading in
Port of Callao.

Source: Prepared by the author with the aid of geospatial tools.

The Carretera Central, with 377 km of track, has been revenues are derived from the collection of tolls in
under concession to Deviandes S.A.C. since 2010, Corcona, Casaracra and Quiulla, to which an addi-
which is charged of performing routine and periodic tional toll would be added, covered by annual mini-
maintenance in order to postpone its rehabilitation. Its mum income guaranteed by the Government —that
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for 2016 was USD 14 271 590, excluding 1.G.V.
(General Sales Tax) and for each toll station— as
stipulated in the concession agreement of the Su-
pervisory Board for Investment in Public Transport
Infrastructure [Ositran] (2010)

The Ferrocarril Central was concessioned in 1999
to Ferrovias Central Andina S.A., whose infrastruc-
ture, tractive stock (locomotives) and rolling stock
(coaches and wagons) came from Empresa Na-
cional de Ferrocarriles (Enafer). The railrway, with
a standard gauge of 1.44 m and a length of 477 km,
is being rehabilitated and its rail yard, renovated. Its
tariffs are established based on the charge for use
of the track per kilometer traveled, from which the
Government receives 24.75% of gross revenues
(not including revenues from tractive or rolling stock
or 1.G.V.) (Ositran, 2006).

The importance of the storage and shipment of
freight in the Central Region extends to the Port of
Callao, as it is part of the logistics chain of minerals
exported between the mine or concentrating plant
and the ships to be loaded at the port. Thus, since
the end of 2014, exports have been realized through
the concession of the Terminal de Embarque de
Concentrados de Minerales to the company Trans-
portadora Callao S.A. which has a hermetic convey-
or belt system that goes from a free or public access
point (open access) or transfer tower to the dock
(shiploader), designed to handle 2000 tonnes per
hour and ships of up to 60 000 deadweight tonnes
(DWT). According to Transportadora Callao (2018).
the benefits of this shipping system are that it is
5 times faster than the previous one, it reduces 8
days of waiting time at anchor, it reduces 3 days of
dock laytime, and it has replaced approximately 369
000 truck trips between warehouses and the port.

The objective of this research is to analyze the
adequate intermodal competition of mining freight
transportation to reduce vehicular congestion in the
mining logistics chain in the Central Region.

HYPOTHESIS

Adequate intermodal competition in rail freight
transportation reduces vehicular congestion in the
mining logistics chain in the Central Region.

JUSTIFICATION

The traditional mining sector is the main exporter
in Peru. In 2017, this sector generated around 61%
of the total value of FOB exports, which amounted
to USD 26 809 000 000, representing an increase
of 27.4% compared with the previous year, due to
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the increase in exports of copper (36%), iron (27 %),
zinc (32%), and other minerals (42%) (Superintend-
encia Nacional de Aduanas y de Administracién
Tributaria [SUNAT], 2018), which has contributed
to the increase in GDP, which is the indicator that
measures the capacity to generate wealth in the
economy of the country.

Due to the absence of refineries in Peru, more than
95% of mining production, including ore concen-
trates such as copper, lead, silver, gold, zinc, and
molybdenum, is sent to foreign markets. These con-
centrates have been traded internationally through
private companies, which include domestic and
foreign producers and traders, who are currently
in charge of mobilizing the total exportable produc-
tion of these concentrates using their logistics and
means of transportation.

Due to the extensive use of cargo trucks, with the
premise that it is the only means to meet commer-
cial deadlines, year after year the vehicular con-
gestion on the Carretera Central increases at rates
for which its transportation infrastructure was not
designed.

The Central Region has another much more effi-
cient means of transportation for large volumes of
freight and long distances: the Ferrocarril Central.
However, it does not have the same equity condi-
tions, even though the Plan Nacional de Desarrollo
Ferroviario (National Railway Development Plan)
indicates that its purpose is to contribute to the com-
petitiveness of exports (Resolucién Ministerial N.°
396-2016-MTC, 2016).

Public transportation infrastructure should aim to
reach more places and in faster ways, to be more
economical, more comfortable and safer, and es-
pecially reduce the infrastructure gap and increase
the competitiveness of the country. Consequent-
ly, this study analyzes the correlation between the
problem of the excess of trucks with mining cargo
on the Carretera Central, according to intermodal
competition, and its mining logistics to ports; thus,
the study proposes to reduce its circulation by using
the railway, which is more efficient and affordable.

THEORETICAL BASIS
Intermodal Competition in Freight Transportation

Intermodal transportation occurs when different
means of transportation work together, carrying out
the shipment of materials and goods with a single
load measure that could be in containers or other
transport elements with cargo capacity.
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Taking as a point of reference the modal split of
freight transportation in different economies of the
world —including 28 countries of the European Un-
ion, USA, Japan, China, and Russia—, maritime
and road modes move the highest percentage of
cargo with 33% each, while rail transportation is
close with 22% of the total cargo in billion ton-kilo-
meters, according to the European Commission
(2018). However, this intermodal competition is
far from our reality, where the studies of the Plan
Intermodal de Transportes 2004-2023 (Intermod-
al Transport Plan 2004-2023) establish there is a
“intercity cargo” transportation whose 74% is trans-
ported by road, 13% by rail, 12% by sea and 1%
by river and air mode (Ministerio de Transportes y
Comunicaciones [MTC], 2005).

According to Rodrigue, Comtois and Slack “Los
modos pueden competir o complementarse entre
Si en términos de costo, velocidad, accesibilidad,
frecuencia, seguridad, comodidad, etc. [Modes
can compete or complement each other in terms of
cost, speed, accessibility, frequency, safety, com-
fort, etc.]” (2013, p. 107) depending on the following
conditions: 1. Different geographic markets, 2. Dif-
ferent transportation markets, and 3. Different levels
of service.

While the existence of intermodal competition de-
pends on geographic and transportation markets,
there are other factors that affect these principles,
such as infrastructure conditions, terrain conditions,
and levels of service in collapse or with congestion,
so intermodal competition in long-distance freight
transportation must be optimized.

According to Thomson and Bull (2002), “la con-
gestioén es la condicion que prevalece si la introduc-
cién de un vehiculo en un flujo de transito aumenta
el tiempo de circulacion de los demas [congestion
is the condition that prevails if the introduction of
one vehicle into a traffic flow increases the circula-
tion time of others]” (p. 110). On this matter, Ortuzar
and Willumsen (2011) define that congestion arises
when the intensity of demand approaches the ca-
pacity of the facility (road or rail infrastructure) and
the time required to use it exceeds the established
low-demand average.

Mining Marketing Logistics Chain

The value chain in the mining industry —from the
extraction in mines, the processing and the com-
mercialization of concentrates until its export in
ports— determines the efficiency of its mining logis-
tics, however, the readjustment of the logistics cost
depends on the operators according to their ability
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to reduce their fixed costs and high rate of logis-
tics specialization, so mining entrepreneurs must
decide to select them by communication criteria,
freight charge, service capacity, and delivery quality
(Galo, Ribeiro, Mergulhao, & Vieira, 2018).

METHODOLOGY

This non-experimental study is based on a descrip-
tive-comparative methodological framework. It is a
comparative analysis of the demand of land mining
cargo transportation on the Carretera Central and
the Ferrocarril Central in service in order to know
the modal alternative to the existing traffic in vehic-
ular infrastructure.

The modes of land infrastructure for public use in
the Central Region are unique, so the population
and size of the study are the same; these are the
Ferrocarril del Centro and the Carretera IIRSA Cen-
tro Tramo 2 (Central IRSA Highway Section 2).

The mining logistics chain that includes the freight
intermodal competition, that is, from the plants in the
mining units to the Port of Callao, is evaluated by
analyzing (1) the Average Daily Annual Rate (indice
Medio Diario Anual [IMDA]) of the vehicles pass-
ing through the counting stations of the Carretera
Central and its alternate routes and (2) the demand
of trains according to the shipment reports of the
Ferrocarril Central. In this way, the number of units
arriving to the warehouse at the port is calculated,
which then proceed to dispatch the mining cargo
by maritime means through the traffic movement of
the del Terminal de Embarque de Concentrados de
Minerales en el Puerto del Callao (Mineral Concen-
trate Shipping Terminal at the Port of Callao).

RESULTS
Mining Productivity in the Central Region

The area of influence of this study covers the Cen-
tral Region of the country, in which there has been
metal mining production activity for many years,
particularly in the Andean terrain of Lima, Junin and
Pasco. Therefore, the research is directly circum-
scribed in 20 mining units, 15 of which have been
exploited by underground mining; 4 by surface min-
ing; and 1, Cajamarquilla, by refinery (Ministerio de
Energia y Minas [MINEM], 2018) (see Table 1).

Bimodal Central Competition in Mining Freight
Transport

Approximately one century ago, mining freight
from the Cerro de Pasco Copper Corporation to La
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Table 1. Mining Units in the Central Region.

HENRRY CASAPIA

Expl. . .
ID Method Owner Unit Reg. Prov. Dist. Prod.
1 Umnidn?rl;gr. Comp. Minera Argentum S.A. Anticona Junin Yauli Yauli Zn, Ag, Cu, Pb
2 Umnidneirr]gr. Comp. Minera Argentum S.A. Manuelita Junin Yauli Yauli Pb, Zn, Ag, Cu
Undergr. . . .
3 mining Comp. Minera Argentum S.A. Morococha Junin Yauli Morococha Pb, Zn, Ag, Cu
Undergr. Nexa Resources Atacocha Pas- San Fco. Asis Pb, Zn, Au, Ag,
4 - Atacocha Pasco . .
mining S.AA. co de Yarusyacan Cu, Bi
Undergr. . . . . .
5 mining Comp. Minera Casapalca S.A. Americana Junin Yauli Yauli Zn, Ag, Cu, Pb
6 Un.de.rgr. Comp. Minera San Ignacio de Palmapata Junin | Chancha-mayo San Ramoén Pb, Zn
mining Morococha S.A.A.
7 Un_de_rgr. Comp. Minera San Ignacio de San Vicente Junin | Chancha-mayo Vitoc Pb, Zn
mining Morococha S.A.A.
8 Su.rftace Emp. Administradora Cerro Cerro de Pasco Pas- Pasco Siman Bolivar Cu, Pb, Zn, Au,
mining S.A.C. co Ag
9 Un_de_:rgr. Emp. Minera Los Quenuales Yauliyacu Lima Huarochiri Chicla Zn, Ag, Pb, Cu
mining S.A.
10 Un.dgrgr. Nexa Resources El Porvenir Milpo N°1 Pas- Pasco Yanacancha Cu, Pb, Zn, Au,
mining S.A.C. co Ag
11 Su_rf_ace Minera Chinalco Peru S.A. Toromocho Junin Yauli Morococha Cu, Mo, Zn, Ag,
mining As
12 Unfigrgr. Soc. Minera Austria Duvaz Austria Duvaz Junin Yauli Morococha Pb, Zn, Ag, Cu
mining S.A.C.
13 Sr:i:;‘;e Soc. Minera El Brocal S.AA. | Colquijirca N°1 Pj‘:‘ Pasco Simén Bolivar | Cu, Au, Ag, As
14 Srr:Ji:ian(;e Soc. Minera El Brocal S.A.A. Colquijirca N°2 Pcaos- Pasco Tinyahuarco Zn, Ag, Pb, Cu
Undergr. . . .
15 mining Volcan Comp. Minera S.AA. Andaychagua Junin Yauli Huay-Huay Zn, Ag, Pb, Cu
Undergr. . . . .
16 mining Volcan Comp. Minera S.A.A. Carahuacra Junin Yauli Yauli Zn, Ag, Cu, Pb
17 Umn;in?rr%r. Volcan Comp. Minera S.A.A. Morada Junin Yauli Yauli Cu, Pb, Zn, Ag
Undergr. . . . . .
18 mining Volcan Comp. Minera S.A.A. San Cristobal Junin Yauli Yauli Cu, Pb, Zn, Ag
Undergr. . - . .
19 mining Volcan Comp. Minera S.A.A. Ticlio Junin Yauli Morococha Cu, Pb, Zn, Ag
) Nexa Resources Cajamarqui- Refineria de . . .
20 | Refinery laSA Cajamarquilla Lima Lima Lurigancho Cd, Cu, Zn, Ag

Source: Prepared by the author based on the Mapa de Principales Unidades Mineras en Produccion (MINEM, 2018).

Oroya and El Callao was transported by railway.
However, the later appearance of heavy goods ve-
hicles and the completion of the Carretera Central
in 1936 showed that its logistics could be reduced,
especially because there was neither at the time nor
at the present day a fair price between the toll value
per axle and the equivalent deterioration per axle
caused by overloading the road.

Since it is difficult to obtain information on the trans-
portation of minerals through the country’s high-
ways, a count of land transportation units is made
when these vehicles cross checkpoints or stations.
In this way the Ministry of Transportation and Com-

munications obtains the IMDA by type of vehicle per
road sections. In the case of the Central Region,
data from the MTC (MTC, 2013 and MTC, 2016) are
taken into account —considering that 2016 was the
last year in which MTC published this information—
and Table 2 and Figure 2 are analyzed.

Table 2 shows the number of vehicles using the Car-
retera Central (PE-22, PE-3N and PE-3S) and the
alternate routes in both directions. According to the
classification by demand of the Manual de Carreter-
as of the MTC (Resolucion Directoral N° 03-2018-
MTC, 2018), a road with an IMDA greater than 6000
veh/day, with two or more lanes of 3.60 m minimum
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Table 2. IMDA 2013 - 2016 in the Central Region.

Route 2013 2016
Control Station
(both ways) L.V. P.T. F.T. IMDA | T3S3 | L.\V. P.T. FT. | IMDA | T3S3
2150 1034 2376 5560 1061 2570 | 1090 | 2539 6199 1077
Corcona PE-22
39% 19% 43% 45% 41% 18% 41% 42%
2121 750 2558 5429 1081 2370 876 2764 6010 1182
Tambo de Viso PE-22
39% 14% 47% 42% 39% 15% 46% 43%
1272 446 1730 3448 688 1776 654 2112 4542 795
Casaracra PE-3N
37% 13% 50% 40% 39% 14% 46% 38%
1054 302 1017 2373 490 1223 407 1717 3347 788
Carhuamayo PE-3N
44% 13% 43% 48% 37% 12% 51% 46%
1520 517 884 2921 464 2723 617 984 4324 352
Quiulla PE-3S
52% 18% 30% 52% 63% 14% 23% 36%
219 63 130 412 35 585 196 245 1026 80
Churin PE-18
7% 2% 4% 27% 14% 5% 6% 33%
480 209 66 755 8 737 306 173 1216 34
Yangas PE-20A
16% 7% 2% 12% 17% 7% 4% 20%
217 35 26 278 0 282 50 32 364 0
Pirca PE-1NC
7% 1% 1% 0% 7% 1% 1% 0%
220 141 67 428 0 324 235 80 639 2
Pacaran PE-24
8% 5% 2% 0% 7% 5% 2% 3%

Note: L.V.: Light Vehicle (cars and vans).
P.T.: Public Transportation (rural vans, buses and omnibuses).
F.T.: Freight Transportation (articulated , 2 and 3 axles trucks).
Source: Prepared by the author based on IMDA by type of vehicle and road sections (MTC, 2013; MTC, 2016).

PE-18 Churin/4127 17026 veh. (35 » 80, T3S3) o
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Figure 2. IMDA 2013 - 2016 in the Central Region.
Source: Prepared by the author on Google Earth, based on IMDA, and road sections (MTC, 2013; MTC, 2016).
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width and a central separator of 6.00 m would be
an autopista de primera clase (first class highway);
that means that its typical section would measure a
minimum width of 20.40 m. However, the Carretera
Central still has a 6.60 m roadway, which is why it
still presents inconveniences with its geometric de-
sign and, therefore, vehicular congestion problems.

It is worth noting that the flow of six-axle heavy
goods vehicles, such as T3S3 trucks (three-ax-
le tractor and three-axle semitrailer) and the box
trucks used to transport concentrates to the port,
has been increasing at an average annual rate of 1
to 5%. However, in Carhuamayo (between Cerro de
Pasco and La Oroya) this increase was as high as
20%, while on other routes such as PE-18 in Churin
(between Huaura and Ambo) the increase was 43%
and on PE-20A in Yangas (between Lima and Un-
ish) it was even 108% per year.

In addition to analyzing the transfer of mineral con-
centrates in heavy goods vehicles, it is also possi-
ble to compare the movement of trains (locomotives
and wagons) and their respective loads through the
Ferrocarril Central, whose information comes from
the concessionaire Ferrovias Central Andina S.A.

HENRRY CASAPIA

(FVCA), which is shown in Table 3, regarding the
transport of mineral concentrates (Ferrovias Central
Andina [FVCA], 2017).

Once the zinc concentrate arrives in Callao, a total
of 10 037 WMT were transferred to the Refineria
de Cajamarquilla by Nexa Resources Cajamarquilla
S.A. to obtain zinc bars.

In 2017, the transport of copper, lead and zinc
concentrate through the railroad line to the Port of
Callao (Central Yard) initiated in the beneficiation
plants and/or mining units in production. The main
customers of the railroad, according to concentrate,
were Minera Chinalco with 99% of copper; Volcan
with 92% of zinc; and, in the case of lead, Milpo with
51% and Atacocha with 46%; the latter two have
now become part of the company Nexa Resources,
which would consequently take 97% of the lead.

Mining Logistics at the Port of Callao

Regardless of the supply chain to the mines, the
logistics chain organizes the transportation to deliv-
er the products from the beneficiation plants to the
final customer. Whether using the bimodal central

Table 3. Freight Transport in Ferrocarril Central to Callao in 2017.

Cu concentrate from M.U. /plant to the Port of Callao
Company Origin Destination WMT %
Minera Chinalco Peru S.A. Tunshuruco Patio Central 1169 924 99%
Sociedad Minera El Brocal S.AA. El Brocal Patio Central 11 374 1%
Milpo Andina Peru S.A.C. Unish Patio Central 1264 0%
Compafiia Minera Atacocha S.A.A. Unish Patio Central 158 0%
1182719
Pb concentrate from M.U. /plant to the Port of Callao
Company Origin Destination WMT %
Milpo Andina Peru S.A.C. Unish Patio Central 15443 51%
Compafiia Minera Atacocha S.A.A. Unish Patio Central 14 108 46%
Volcan Compafiia Minera S.A.A. Mahr Tunel Patio Central 835 3%
30385
Zn concentrate from M.U. /plant to the Port of Callao
Company Origin Destination WMT %
Volcan Compaiiia Minera S.A.A. Carahuacra / Mahr Tunel Patio Central 173 562 92%
Milpo Andina Peru S.A.C. Unish Patio Central 9115 5%
Sociedad Minera El Brocal S.A.A. El Brocal Patio Central 4131 2%
Empresa Administradora Cerro S.A.C. Cerro de Pasco Patio Central 1607 1%
Empresa Minera Los Quenuales S.A. Casapalca Patio Central 161 0%
188 577

Source: Prepared by the author based on the Reporte Acumulado de Clientes por Carga (FVCA, 2017).
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or other alternative routes, the purpose of the min-
ing companies is to complete the supply chain to a
refinery or to the Port of Callao, depending on the
commercialization contract they have signed.

Due to the requirements with respect to mineral
deliveries, most mining companies subcontract the
organization of transportation to logistics operators
or traders, which offer mining logistics consulting
services, which consist of contracting transporta-
tion companies, picking up and moving the goods,
contracting warehouses for storage, dealing with
customs procedures and maritime shipments, etc.
Trafigura Peru S.A.C. (formerly Cormin) and Glen-
core Peru S.A.C. are two examples of these logis-
tics operators.

The Plan de Negocios del Terminal de Embarque
de Concentrados (Transportadora Callao, 2018)
details the 2017 ftraffic of the feeder warehouses
used in port, such as Impala Terminals with 45%,
Perubar with 33%, Chinalco with 15%, and Dreyfus
with 7%. This is complemented by the information
from the Resumen General de Naves y Trafico de
Carga en el Terminal de Embarque de Concentra-
dos de Minerales (Ositran, 2018), which is shown
in Table 4.

In 2017, 182 bulk carriers with an average cargo of
16 336 t per vehicle, that gave a total of 2 973 090
tonnes, were served. This represented 77% of the
total ore concentrates exported in the Port of Callao
and 26% of the total exported in Peru.

The main problem at the Port of Callao is that part of
the concentrates is still exported in big bags inside
containers, which is equivalent to 23% of total ex-
ports. For this reason, the concessionaire has been
registering losses in its income statement, since the
cargo handled by the Terminal is substantially less
than projected.

Based on the information collected on the mining
units in the Central Region and their concentrat-
ing plants, it is possible to estimate the number of
heavy goods trucks that travel through this region,
the number of wagons transporting ore concentrate
and the exports that make use of the conveyor belt
of the Terminal de Embarque de Concentrados de
Minerales del Callao.

DISCUSSION

In 2017, Transportadora Callao mobilized a total
of 2 973 090 WMT of copper, zinc and lead con-
centrates. If it is considered that in the same year

Table 4. Export of Concentrates from Transportadora Callao 2017.

Month g:,tﬁ(l Solid Bulk - Mineral Zn Solid Bulk - Mineral Cu Solid Bulk - Mineral Pb Total Exports
Carriers (t) (t) (t) (t)

January 17 79 596 132 853 212 449
February 18 98 092 163 638 48 239 309 968
March 14 90 545 81275 14 044 185 865
April 12 60 495 133774 19 448 213718
May 14 138 558 146 879 25241 310678
June 20 117 725 123 643 33404 274772
July 12 80 737 85 057 29781 195 576
August 1 54 873 116 683 14 937 186 494
September 17 126 418 190 910 16 324 333652
October 13 82 877 92 490 29 045 204 412
November 16 104 787 127 109 19 495 251 391
December 18 141 159 112 332 40625 294 116
Annual 182 1175 862 1506 644 290 584 2973 090

40% 51% 10% 100%
Total WMT exported by Transportadora Callao 2973 090 77%
Total WMT exported in big bags in containers 880 385 23%
Total WMT exported by the Port of Callao 3853475

Source: Prepared by the author based on the Resumen General de Naves y Trafico de Carga en Terminal de Embarque de Concentrados

de Minerales (Ositran, 2018).
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the Ferrocarril Central transported to the port 1 391
644 WMT of concentrates with the same character-
istics, we can deduce that the difference in these
amounts are the tonnes that were sent by trucks
to Callao, that is, 1 581 446 WMT. This means that
47% was mobilized by railway wagons and 53% by
trucks.

Since there is no further research on this subject,
except for the comparative of the bimodal central,
and based on the above, it is argued that most min-
ing companies subcontract to traders who prefer to
use trucking companies.

Considering that a box truck of mining concentrate
has an average payload of 30 WMT, the number of
trucks per year that arrived at the port was 52 715,
with a frequency of 144 trucks per day.

HYPOTHESIS TESTING

As it is shown in Table 2, the IMDA at Corcona con-
trol station was 6199 vehicles. If the cargo is trans-
ferred from road to rail, removing only an average
of 288 trucks in both directions, the IMDA would be
reduced by almost 5%. If the trucks transporting
big bags, as shown in Table 4, are included in the
cargo shifting, about 448 units would be replaced
per day, that is, 42% of 6-axle trucks. As a result,
a decongestion of heavy vehicles would occur not
only on the highway but particularly in the access
to Lima and the Port of Callao. Thus, the analysis
shows that adequate intermodal competition of rail
freight transportation reduces vehicle congestion in
the mining logistics chain.

CONCLUSIONS AND RECOMENDATIONS

The development of the infrastructure of land trans-
portation has been consolidating according to the
technological prominence of the means of transpor-
tation. Thus, the average operating costs of a truck
—fuel, maintenance, spare parts and insurance—
are significantly lower than the tractive and rolling
stock used by a train. Likewise, road transport in-
frastructure with a flexible pavement has a lower
investment cost than railways (Casapia, 2014);
however, road transport receives a higher subsi-
dy, despite the fact that railroads have higher sunk
costs, with an average use period of 80 years in
operation before being rehabilitated.

After the discussion, it is clear that the railroad mode
might guarantee the socioeconomic benefit of the
country, reducing vehicle congestion, saving travel
time and vehicle operation costs, decreasing traffic
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accidents, and above all reducing the costs derived
from the intensive use of trucks. In other words, a
policy of safety, environmental health and social re-
sponsibility should take precedence.

The improvement of transportation infrastructure is
necessary to reduce logistics costs and to increase
the sustainable growth of the region in order to close
the infrastructure gap that in our country would be a
good option to achieve the strength of the Plan Na-
cional de Infraestructura para la Competitividad (D.
S. N.° 238-2019-EF, 2019), whose short-term gap in
rail transport considers S/20 430 000 000, through
multimodal connectivity, integrating productivity and
its regions using road, rail and water transportation
modes.
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