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Abstract: The implementation of confidential contracts between a container liner carrier and
its customers, because of the Ocean Shipping Reform Act (OSRA) 1998, demands a revision in
the methodology applied in the carrier’s planning of marketing and sales. The marketing and
sales planning process should be more scientific and with a better use of operational research
tools considering the selection of the customers under contracts, the duration of the contracts,
the freight, and the container imbalances of these contracts are basic factors for the carrier’s
yield. This work aims to develop a decision support system based on a linear programming
model to generate the business plan for a container liner carrier, maximizing the contribution

margin of its freight.
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1 INTRODUCTION

Over the last few years, the container liner industry
has been concentrated in a smaller number of
carriers while the capacity of the ships continues to
increase, targeting economies of scale [1]. The
concentration process has not reduced the competi-
tion in the industry but has increased it, mainly due
to the expansion of the largest carriers’ activities in
new routes and markets in addition to their tradi-
tional ones. This competition results in a reduction
of the profit margins of the industry and forces the
carriers to adopt predatory commercial policies in
case the demand is smaller than the tonnage
deployed. In extreme cases, the carriers tend to
practice freight levels close to, or the same as, their
short-term marginal costs. The carriers also search
for cargoes in the general cargoes market (normally
break bulk commodities) that can be containerized
in order to increase the transport demand. In
periods when the demand is the same or larger than
the transport capacity, the carriers adopt freight
levels that the market can support. In extreme cases,
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some cargoes — mainly those considered commod-
ities — stop being containerized and return to the
market of general cargoes.

The competition in this industry also increased
after the publication by the North American Con-
gress, in November 1998, of the Ocean Shipping
Reform Act (OSRA). This Act changed the relation-
ship between carriers and their customers, reducing
the power of the freight conferences and increasing
the use of confidential contracts among the parties
[2]. Its effects were not restricted to the American
traffic and they affected the way that the freight
conferences or carrier discussion agreements deter-
mined the competition level among liner carriers
worldwide. The need to develop commercial rela-
tionships based on confidential contracts signifi-
cantly changed the marketing and sales processes of
the carriers [3]. Presently, there is a larger concern
with respect to the forecasting of the demand, and a
broader knowledge about the main customers’
performance and/or cargoes in foreign trade. The
liner carriers must change their marketing and
sales processes to cope with the new competitive
environment created by the OSRA.

The analyses of this change in a carrier and the
development of this work are based on the practical
experience in a liner carrier operating in the Europe-
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South America trade region. This carrier has two
departments with responsibilities for marketing and
sales management: the product management de-
partment and the sales department.

1.1 Product management department

This department is responsible for: services manage-
ment (routes and ships deployment); market and
competition analyses; development and manage-
ment of the portfolio of clients; pricing policy and
bids coordination; service performance in terms of
volume, revenue, and contribution margin; and
business plan development and management. It also
has marketing intelligence functions, which can be
summarized as the process of gathering internal and
external data, and the organization, analysis, and
dissemination of information that is important to the
business plan development.

1.2 Sales department

This department is responsibile for achieving the
business plan goals as revenue, volume, and con-
tribution per client. It also provides the product
management department with the clients’ expecta-
tions of the services rendered by the carrier. In order
to achieve the goals, the sales personnel have to
negotiate with the clients, focusing on the freight
level and volume.

1.3 Business plan

The product management department develops the
business plan considering the past performance of
the foreign trade among the regions and the trends
input from the marketing intelligence group. There
is also the input from the carrier top management
with the goals of revenue and contribution for the
service.

The business plan developed consists of the
selection of clients, and respective cargoes, in each
port of call that maximizes the carrier’s profit. This
selection determines the portfolio of clients that
should be constantly managed by the sales depart-
ment along the planning horizon of the business
plan. The portfolio of clients includes those whom
the carrier should have service contracts with — due
to their regular sizeable shipments — and clients
without contracts that do not have the same
regularity in their shipments or a significant number
of cargoes.

It was noticed that the carrier’s business plan is
managed in a decentralized manner and under the
responsibility of each regional office (Europe and
South America), being managed with exclusive focus
on the exports of each region. The two business plans
are consolidated in the carrier's central office in
Europe at a later stage. There is also a dispute for
transport capacity regarding the flows of full and
empty containers. A degree of dispute among the
regional offices has been detected for the use of the
transport capacity just with full containers. In cases
where a region has a surplus of a certain type of
empty container and at the same time a high export
demand that does not require this container type, this
region will not agree to use the transport capacity to
position empty containers for the other region to the
detriment of its own export flows. This dispute among
the regions creates difficulties and challenges for the
logistics department when carrying out its logistics
planning for empty container positioning.

The model developed in this paper allows the
carrier to modify its business plan process, making it
more independent of the commercial pressures of
each regional office, by selecting the cargoes that
maximize its contribution margin. The model also
includes the logistics of empty containers in the
process, decreasing disputes regarding transport
capacity among the regions. The paper is structured
as follows. In section 2, a decision support system
(SADE) for the business plan process is proposed.
Section 3 formulates an optimal business plan model
through linear programming. Section 4 presents
application scenarios and a discussion, followed by
concluding remarks in section 5.

2 DECISION SUPPORT SYSTEM - SADE

Figure 1 presents a model of a carrier information
system with the SADE (initials of Strategic Decision
Support System in Portuguese) system integrated to
it. Its basic components are as follows.

1. Customer relationship management (CRM): con-
tains the clients’ past performance data in terms
of amount of business and revenue generated per
period.

2. Marketing and sales system: contains the clients’
contracts or negotiation data giving details of
freight, taxes, minimum and maximum commit-
ment and duration of contracts. It also contains
the relationships between clients and cargoes,
cargo type and container type, and the container
weight per cargo type.
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Fig. 1 Carrier information system with SADE

3. Operational system: contains the ports’ data in
terms of loading and discharging costs of full and
empty containers, port call costs, and operational
constraints. It also contains the ships’ operational
data.

4. Container logistics system: contains the data of
empty container logistics as inland transportation
costs, handling costs in the empty container
terminals, and maintenance and repair costs. It
also contains the container fleet data and the
empty container terminal constraints.

5. External statistics: this represents the link with
external data, mainly statistical data such as cargoes
and clients, the number of containers in the import
and export flows, market share per carrier, cargo
type, port pairs, cargo weight, container type, etc.

6. Market information: this represents the interface
with the associations or entities representative of
industrial sectors or governmental agencies.

The SADE system can be used for the analysis of
different scenarios, in which the commercial and/or
operational conditions can be varied, with the
objective of maximizing the contribution margin.
The result of that analysis generates the list of cargoes,
customers, and number of containers per port pair in
the planning horizon of the business plan.

3 PROBLEM DEFINITION AND ASSUMPTIONS

The problem is defined in the following way: given a
route, a fleet of homogeneous ships, the demand, the

revenues and costs related to the full container
operations, and the costs related to the empty
container logistics, a portfolio of clients should be
determined that maximizes the contribution margin
of the carrier in the planning horizon of the business
plan. Figure 2 represents the description of the
problem.

The operational and cost data for the route (port of
calls), ships, and empty container logistics are
obtained from the carrier’s systems. The demand
and revenue data are deterministic and are based on
past performance data and trends analysis devel-
oped in the marketing intelligence studies carried
out by the product management department.
The original demand data include 1854 clients in
the Brazilian export data and 2807 clients in the
European export data. The present model could not
process the database of clients, with 4661 clients,
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Fig. 2 Problem description
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Fig. 3 Demand data aggregation

and it was necessary to reduce the size of the
demand matrix. In order to overcome this problem,
the model processes new demand data aggregated
by the two digits of the harmonized commodity
code. The new demand database has 99 commod-
ities as the new primary demand data. As the model
output gives the commodity flow per period, it is
possible to create the portfolio of clients by search-
ing the original demand database using loading port,
discharging port, commodity, and period as the
searching keys, and selecting the respective clients.
Figure 3 represents the aggregation and client
searching processes.

3.1 SADE model

The mathematical model is developed in a linear
program, using the concepts of capacity manage-
ment, empty container logistics, and contribution
margin maximization.

Notation

The indices used in the development of the
mathematical model are shown in Table 1.

Table 1 Indices used in the mathematical model

Index  Definition

Index of all ports in the model

Index of the port in a loading condition

Index of the ports in a discharging condition

Index of container types

Index of cargo type classification

Index of period

Index of predecessor periods of the period with index ¢
Set of all ports

Set of all loading ports

Set of all discharging ports

Set of all container types

Subset of K (KRCK) with all containers of reefer type
Subset of K (KFCK) with all container of 40 ft size
Set of all cargo types

Set of all periods

HORARART TS T O FT T

Parameters

The parameters used in the mathematical model are
given in Table 2.

Decision variables

The decision variables composing the proposed
mathematical model are given in Table 3.

Objective function

1)) 3 3 2 Sl I

iel jeJ keK ceC teT

3530 90 3) DI (CHI VIR
iel je] keK ceC teT

- ZZZZZ (CMFzF],k c,t)
iel jeJ keK ceC teT

o ZZZZ Cllaj kFijke)

iel jeJ keK teT

=222 (CGEx.)

jeJ keK teT

(1)

The parameters in parentheses in equation (1)
represent, respectively, the revenue, the costs of
loading and discharging of full containers, the costs
to attend the cargo types, the costs of loading and
discharging of empty containers, and the costs of
empty container storage.

Constraints

The decision variables are subjected to the following
constraints.

1. Maximum share of the carrier in the cargo type —
this constraint limits the maximum expected
share of the carrier in the cargoes types.

Ft]kct\L l]kClJ (2)
for Viel, VjeJ], YkeK, VceC, VteT. The
function flx) =|x| was used in this equation,
returning the greater integer less than equal to x.

2. Minimum share of the carrier in the cargo type —
this constraint limits the minimum expected
share of the carrier in the cargo types.

Fl]kct/L t],k,c,tJ (3)

forViel, Vje], VkeK VceC, VteT.
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Table 2 Parameters used in the mathematical model

Parameter Definition
Df’j’ et The demand from the loading port i to the discharging port j of containers of type k with cargo of type c in the period ¢
Rfj ot The revenue (freight and taxes) obtained when transporting from the loading port i to the discharging port j a container of
R type k with cargo of type ¢, in the period ¢
ij, B The cost of loading at port i and discharging at port j a container of type k, with some cargo
CE].‘ i The cost of loading at port i and discharging at port j an empty container of type k
cM The attendance cost for cargo type ¢
c; The storage cost for one container of type k, for one period
wE . The average weight of one container of type k with cargo of type ¢
wE The average weight of one empty container of type k
H, The maximum cargo deadweight in the port of index p
M, ;; The predecessor matrix. This matrix indicates, with binary values, if at the entrance of port p, a container loaded at port i
with destination to port j is on board of the ship. That is, M,, ; ;= 1, if one container loaded in the port i with destination
to the port j is on board when the ship arrives at the port p, and zero otherwise
SjF ks The fraction of containers of type k that, loaded full in port i and discharged in port j, returns empty to the empty container
T terminal of port j after ¢ periods of time, counted from the loading time at port i. It is assumed that the liner carrier has
an empty container terminal close to each port j of the route. For simplification, it is referred to as empty container
terminal of port j. In order to keep the general balance of the model, the following relation must be satisfied
> S%iks=1 paravje], Viel, VkeK (4)
deA
S]Ei s The fraction of containers of type k that, loaded empty in port i and discharged in port j, becomes available for utilization
T at the empty container terminal of port j after § periods of time, counted from the loading time at port i. In order to keep
the general balance of the model, the following relation must be satisfied
S SEiks=1 paraVjel, Viel, VkeK ()
deA
L]f.’ s The fraction of containers of type k that, released for export at the empty container terminal of port j, arrives full to this
o port after ¢ periods, counted from the release time. In order to keep the general balance of the model, the following
relation must be satisfied
> L ;=1 paraVje], Vkek (6)
deA
L;? s The fraction of containers of type k that, released for empty positioning at the empty container terminal of port j, arrives
o empty at this port after § periods, counted from the release time. In order to keep the general balance of the model, the
following relation must be satisfied
> L ks=1 paraVje], VkeK (7)
deA
Pﬁ . The maximum fraction of the carrier participation in the cargo type c in the period ¢
P, The minimum fraction of the carrier participation in the cargo type c in the period ¢
NY The number of ships allocated by the carrier to the route considered
7¢ The round trip time of the route, measured in periods of the set T
Nt The ship capacity in twenty-foot equivalent units (TEUSs)
NP The ship capacity in cargo deadweight
N The maximum flow in TEUs between consecutive ports in one period of set 7. It is a function of the number of ships and
the round trip time of the route. N is calculated as:
NV NT
()
NP The number of plugs for reefer containers in the ship
NF The ship capacity for 40 ft container stowage
NE The storage capacity of empty containers, in TEUs, in port i
N The fleet size of available containers of type k
Qk The amount of TEUs occupied by one container of type k
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Table 3 Decision variables composing the proposed ports of the route
mathematical model
Variables Definition
tkt ZZ( Fz]kt) (11)
ct Total contribution margin of the freights for the jeJ teT
evaluated system
FiFj tc. Number of containers of type k, with cargo of type ¢,
B loaded at port i in the period ¢ to be discharged at for Viel, VkeK, VteT.
port j . .
B Number of empty containers of type k loaded at port 6. Calculation of the numb-er of empty containers
o in the period , to be discharged at port j released for export — this constraint calculates

Ei, k t Number of empty containers of type k, stored at pOI't i, hOW many empty containers are released for
at the end of period ¢ . h iod h f h

Ry, Amount of TEUs on board the ship, at the entrance of export in the period f, at each port, Ior eac
the port of index p, in the period ¢. It represents the container type.
sum of the full and empty containers on board

R, Number of empty containers of type k returned by the

o import clients to the empty container terminal of FE. = ( LE ~RYE ) 12
port i, in the period ¢ iLj ket ; Lk (t=0)" ] ket ( )

R¥E | Number of empty containers of type k that arrive to €

o the empty container terminal of port i, in period ¢,
due to empty container repositioning from other for Viel, Vje], YkeK VYceC, VteT.
ports of the route . .

RIU} tc: Number of containers of type k, released from the 7. Calculation of the n.u‘rnb.er of empty Contaln?rs
empty container terminal of port i, in period ¢, to released for repositioning — this constraint
meet an export demand of cargo of type c to port j calculates how many empty containers are

RZL? ko Number of empty containers of type k released from e .
the empty container terminal of port i, in period ¢, to released for repositioning in the period ¢, at each
meet an empty container demand of port j port, for each container type.

. . . FE. = (L‘? , RLE ) 13

3. Balance of empty containers — this constraint L.kt ; ik (=), ), k. 8 (13)

represents the balance of empty containers at
the empty container terminals of all ports of the for Viel, VjeJ, VkeK, VieT.
route. 8. Maximum storage — this constraint limits the
maximum number of containers, in TEUs, that
can be stored at each port.
Ei,k,t= Ezk(t—l +Rzkt lkt_ZZRz]kct E
jel ceC > (Ejk. Q) <N (14)
keK
—Z&MJ (9) _
e for VjeJ, VteT.
9. Flow capacity — calculation of the number of
containers, in TEUs, on board the ships at the
for Viel, VkEK VteT. The initial storage of entrance of port p, in period t.
empty containers is set free in order to be chosen
by the model.
4. Calculation of the number of empty containers R, = Z ZZ Z My, jQkF% j ke t)
returned from import status — this constraint iel jeJ keK ceC
calculates how many empty containers are
returned in the period ¢ by the import clients, + ZZZ (Mp, i jQcF ik e)|  (15)
at each port, for each container type. iel jeJ keK
F
R = ZZZ( ik, (1) Fi,j,k,c,t’) (10)
T for VpeP, VteT.
for Viel, Vke K VteT. R, <N (16)
5. Calculation of the number of empty containers
of type k received at the empty container for VpeP, VteT.
terminal port j, in the period ¢, due the 10. Maximum draft in the ports — this constraint

repositioning of empty containers from other

limits the draft in each leg of the route.
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SN (MWL)

iel jeJ k ceC
]kt)‘|

DD (M Wi

iel jeJ] keK
. (NVH, NVHy,
<nnn{ 2, Tc”} (17)

for Vpe P, p'|predecessor of p, Vit T.

11. Number of full reefer containers on board the
ships — this constraint limits the number of full
reefer containers on board the ships, due to the
number of electrical plugs for reefer containers

on the ships.
NVNP
p, i, J l]k'C[)<<TvC> (18)

2.2 > M

iel jeJ kek®R ceC

for VpeP, VteT.

12. Number of 40 ft containers on board the ships —
this constraint limits the number of 40 ft contain-
ers on board the ships, due to the stowage plan
for this type of container.

Yy ym

iel jeJ keKf ceC

+3NN T (M Pk t)]

iel jeJ keKF

NVNF
<<W) (19)
for VpeP, VteT.

13. Container fleet — this constraint sets an upper
bound for the number of type k used in period .

DI LS 3 IS 3L P

iel jeJ ceC iel jeJ iel

D305 9 I ST I

iel jeJ ceC teT 6>(t'—t)

FEYY Y (e

iel jeJ tel 6>(f'—t)

DB

iel jeJ ceC teT 6> (t'—

+ZZZ Z (LE]C,(SREL]C’t’) SN,S

iel je] teT 6>(t'—t)

p, i, j t],k,c,t)

(lk(;Rl]kct)

(20)

for VkeK, VteT. The terms in equation (20)
represent, respectively, the number of full con-
tainers on board, the number of empty contain-
ers on board, the number of empty containers at
the empty container terminals, the number of
containers driven to the import clients that have
not yet arrived at the empty container terminals,
the number of empty containers coming from
others parts of the route that have not yet arrived
at the empty container terminals, the number of
containers released from the empty container
terminal to export clients that have not yet
arrived at the port, and the number of empty
containers released from the empty container
terminal for repositioning in other parts of the
route that have not yet arrived at the loading
port.

4 CASE STUDIES AND DISCUSSION

The case studies were developed based on different
scenarios that represent some of the usual problems
faced by a liner carrier. The model considers a
carrier operating in the Brazil-Europe route (Fig. 4).
The sequence in the ports of call forms the route and
determines the loading and discharging order in the
ports. The port of Santos is called at twice; once for
discharging (southbound call) and once for loading
of containers (northbound call). Five homogeneous
ships are deployed on the route with a round trip of
35days, resulting in a regular service with weekly
calls in all ports of the route; therefore, there are four
calls per port distributed in a period equal to

Rotterdam (RTM)Cﬁ

O (SPB) Sepetiba

Tilbury (TIL)O
O (SSZ) Santos (NB)

O (RIG) Rio Grande

O (MVD) Montevideo

Hamburg (HAM) O
Antwerp (ANR)O

Le Havre (LEH)O
O (BUE) Buenos Aires

Santos (SB) (SSZ) (2

NB - Northbound
SB - Southbound

Fig. 4 Case study route
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Table 4 Commodity codes Table 5 Brazilian exports per commodity codes
Commodity code and description Model Cargo I_PNG I_RIG 1_SPB 1.SSZ 1_SUA Total
00 Provisional code C_00 C_02 14294 11968 0 18377 0 44639
02 Meat and edible meat offal C_02 C_05 0 0 0 1210 0 1210
05 Products of animal origin, nos C_05 C_06 0 0 0 1172 0 1172
06 Live trees, plants, bulbs, etc.; cut flowers, etc. C_06 C_08 2522 11692 0 23287 1268 38769
07 Edible vegetables, and certain roots and tubers C_07 C_09 0 0 1310 31085 0 32395
08 Edible fruit and nuts; citrus fruit or melon peel C_08 C_12 0 0 0 5678 0 5678
09 Coffee, tea, mate, and spices C_09 C_16 0 625 0 4277 0 4902
12 Oil seeds, etc.; miscellaneous grain, seed, fruit, C_12 C_17 0 0 0 1463 0 1463
plant, etc C_20 0 371 0 15094 920 16 385
16 Edible preparations of meat, fish, crustaceans, etc C_16 C_21 0 536 0 7288 0 7824
17 Sugars and sugar confectionary C_17 C_23 0 0 0 1648 0 1648
19 Prep cereal, flour, starch or milk; bakers wares C_19 C_24 0 59032 0 0 0 59032
20 Prep vegetables, fruit, nuts or other plant parts C_20 C_28 0 0 0 2739 0 2739
21 Miscellaneous edible preparations C.21 C_29 0 0 0 1619 0 1619
22 Beverages, spirits, and vinegar C_22 C_33 0 0 0 4479 0 4479
23 Food industry residues and waste; prep animal feed = C_23 C_35 0 0 0 2086 0 2086
24 Tobacco and manufactured tobacco substitutes C_24 C_38 275 0 0 1539 0 1814
28 Inorganic chem; precious and rare earth metals, and C_28 C_39 666 8750 0 3782 0 13198
radioactive compounds C_40 766 4392 736 4940 0 10834
29 Organic chemicals C_29 C_44 50480 0 0 2848 0 53328
31 Fertilizers, exports only (including other crude C_31 C_48 5226 0 0 33672 0 38898
materials) C_52 1972 0 0 2452 0 4424
32 Tanning and dye ext., etc; dye, paint, putty, etc; inks C_32 C_64 0 2368 0 0 0 2368
33 Essential oils, etc; perfumery, cosmetic, etc. preps C_33 C_69 859 0 0 0 0 859
34 Soap etc; waxes, polish, etc; candles; dental preps C_34 C_70 0 0 0 4356 0 4356
35 Albuminoidal substances; modified starch; glue; C_35 C_72 0 0 0 2163 0 2163
enzymes C_73 7958 0 0 766 0 8724
37 Photographic or cinematographic goods C_37 C_76 0 0 0 3030 0 3030
38 Miscellaneous chemical products C_38 C_84 6990 293 0 12329 0 19612
39 Plastics and articles thereof C_39 C_85 810 0 0 3458 0 4268
40 Rubber and articles thereof C_40 C_87 3896 588 0 12409 0 16893
44 Wood and articles of wood; wood charcoal C_44 C_94 0 14754 0 1536 0 16290
48 Paper, paperboard and articles (including paper pulp C_48
articles) Total 96714 115369 2046 210782 2188 427099
52 Cotton, including yarn and woven fabric thereof C_52
54 Man-made filaments, including yarns and woven C_54
fabrics
gg EZ;’;VI;’]‘igrprgjéfgfs etc., and parts thereof g:gg Table 6 European exports per commodity codes
70 Glass and glassware C_70 Cargo I ANR I HAM ILEH IRTM ITIL Total
72 Cast iron, iron, and steel C_72
73 Articles of iron and steel, cast iron C_73 C_00 3718 5564 1520 864 0 11666
76 Aluminium and articles thereof C_76 C_07 852 0 0 1636 0 2488
84 Nuclear reactors, boilers, machinery, etc.; parts C_84 C_17 660 0 0 0 0 660
85 Electric machinery, etc; sound equip; tv equip; parts  C_85 C_19 0 0 0 824 0 824
87 Vehicles, except railway or tramway, and parts, etc. C_87 C_20 2152 0 0 576 0 2728
88 Aircraft, spacecraft, and parts thereof C_88 C_22 0 0 356 0 0 356
94 Furniture; bedding, etc.; lamps nos, etc.; prefab bd C 94 C_23 0 0 0 1476 0 1476
C_28 6814 1898 0 1380 652 10744
C_29 8736 2054 376 3258 502 14926
1 month. The ship specification is 1850 TEU opera- €31 262 468 0 0 0 730
. . . C_32 2494 772 0 0 0 3266
tional capacity, 27000t of cargo deadweight, 264 C 34 1298 0 0 0 0 1298
plugs for reefer containers, and 550 slots for 40 ft C.37 640 1908 0 0 0 2548
tai C_38 3892 1336 0 0 0 5228
contamers. C39 18776 3700 584 4422 854 28336
The planning horizon is 12 periods of 4 weeks, and C_40 4562 4144 1402 3952 0 14060
ot C_44 0 0 0 664 0 664
thfe pef:essary statistical data to generate tbe deter Cas 25152 2436 0 5496 0 38084
ministic demand by cargo type, port of loading, port C_54 520 0 0 0 0 520
of discharge, and type of container per period were C_70 1106 1308 0 0 0 2414
. . C_72 4610 1366 0 984 0 6960
obtained from the company Dataliner for the year Cc 73 484 712 0 0 2736 3932
2004. The demand data have 42 cargo types using C_76 738 752 0 624 0 2114
P . : C_84 15656 11110 924 844 2838 31372
the two digits of the Harmonized Commodity Code. Ces 1620 2608 728 =80 0 5536
Table 4 presents the commodity codes and descrip- C_87 65656 30706 45234 2768 2776 147140
tions as stated in the original demand data. C 88 512 0 0 0 0 512
C_94 1700 0 0 0 0 1700

Table 5 presents the total Brazilian export flow per

commodity code and Table 6 presents the total Total 172610 77842 51124 30348 10358 342282
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European export flow. It is important to note that
some commodities appear only in one flow (for
example C_02 from Brazil) and that some ports have
just a few commodities in their foreign trade (for
example SUA with two commodities). Those facts
affect the relative importance of the ports and
generate trade imbalances in cases where the import
and export flows use different container types.

The model considers four different container types
in the demand data: 20ft dry (K20_D), 40ft dry
(K40_D), 20ft reefer (K20_R), and 40ft reefer
(K40_R). The special containers (open top, flat rack,
and platform) are included in the dry container data.
For the model application, the available container
fleet was assumed to be composed of 7982 units of
20 ft dry, 1876 units of 20 ft reefer, 7922 units of 40 ft
dry, and 1761 units of 40 ft reefer containers.

Table 7 presents the total demand per container
type and port pairs. The total demand is 769381
TEU. It can be seen that the 40 ft dry container type
represents 73.3 per cent of the total demand and this
large percentage may result in a high utilization
share of the 40 ft slots in the ships. The market share,
weight of full and empty containers, revenues and
costs, and operational constraints data are based on
real data, making it possible to evaluate the results in
relation to the expected behaviour of the liner
service industry.

The SADE model was implemented using GAMS
(Generalized Algebraic Modelling System) [4] (ver-
sion Rev 121) and the scenarios were solved using
the CPLEX 7.0.0 optimizer. All computational experi-
ments were conducted on a PC with a Pentium
1.6 GHz processor and 1 GB of memory. All scenarios
were solved within 2 min of central processing unit
(CPU) time. The model statistics for the base
scenario (CN0O) are: blocks of equations, 14; single
equations, 405817; blocks of variables, 7; single
variables, 208081; non-zero elements, 5349433;
generation time, 78.515s; size, 193.3 MB.

4.1 Scenarios

Many scenarios were developed in order to test the
model with the commercial conditions that a carrier
can be confronted with, as well as with operational
conditions that affect its commercial performance,
with the aim of analysing the possible alterations to
its business plan and consequently to its marketing
and sales policy. Several scenarios were explored
with the model considering market issues with an
operational insight. The following key performance
indicators (KPIs) were developed to evaluate the

Table 7 Demand per container type

From To K20_D K20_R K40_D K40_R Total
I_PNG. J_ANR. - - 13403 942 14345
J_HAM. - - 8727 2025 10752
J_LEH. - - 8490 - 8490
J_RTM. 737 - 1627 4753 7117
J_TIL. 397 - 7135 688 8220
I_RIG. J_ANR. - - 25262 288 25550
J_HAM. - - 4362 652 5014
J_LEH. - - 2548 - 2548
J_RTM. 293 371 6359 8110 15133
J_TIL. 1213 - 6385 2780 10378
I_SPB. J_HAM. 976 - - - 976
J_LEH. - - 368 - 368
J_RTM. 334 - - - 334
1_SSZ. J_ANR. 8364 501 18563 484 27912

J_HAM. 17927 841 14878 2146 35792
J_LEH. 1752 - 1504 - 3256
J_LRTM. 11930 12988 7962 17486 50366

J_TIL. 3877 950 10651 2152 17630
I_SUA. J_RTM. - - - 1094 1094
I_ANR. J_PNG. 2008 - 6752 534 9294
J_RIG. 612 - 1588 - 2200
J_SPB. 472 - 1068 - 1540
J_SSZ. 26 066 - 59608 968 86642
J_SUA. - - 1208 - 1208
I_HAM. J_PNG. 1420 - 11646 - 13066
J_RIG. - - 516 - 516
J_SPB. 468 - - - 468
J_SSZ. 10450 - 19694 - 30144
J_SUA. - - 896 - 896
I_LEH. J_PNG. 544 - 8838 - 9382
J_RIG. 306 - - - 306
J_SPB. - - 12070 - 12070
J_SSZ. 1782 - 3338 - 5120
I_RTM. J_PNG. - - 2338 288 2626
J_RIG. - - 752 - 752
J_SPB. - - 264 - 264
J_SSZ. 3748 - 7776 818 12342
J_SUA. - - 1064 - 1064
I_TIL. J_PNG. 658 - 2394 - 3052
J_SSZ. 804 - 2054 - 2858
Containers 97138 15651 282088 46208 441085
TEU 97138 15651 564176 92416 769381
Share (%) 12.6% 2.0% 733% 12.0% 100.0%

different scenarios considering the marketing and
sales goals and the significant effect of the empty
container logistics on the carrier’s activities [5].

1. KPIs for scenario evaluations:

(a) objective function, i.e. the contribution margin;

(b) total revenue;

(c) total cost for full containers loading and
discharging (full container handling cost);

(d) total cost for cargo attendance;

(e) total cost for empty containers loading and
discharging (empty container handling cost);

(f) Total cost for empty container storage.

2. KPIs for marketing and sales:

(a) share of each cargo type in the contribution
margin (import+ export);

JEME109 © IMechE 2009
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(b) market share of the carrier in the total market,
i.e. represents its participation percentage in the
combined exportations of Brazil and Europe;

(c) ship capacity utilization in terms of TEUs, cargo
deadweight, reefer plugs, and 40 ft containers on
board;

(d) share in the total revenue - it represents the
participation percentage of the container type
in the carrier total revenue.

3. KPIs for empty container logistics:

(a) productivity — calculated, per container type, by
dividing the number of full containers loaded in
the planning horizon by the container fleet;

(b) repositioning index — calculated, per container
type, by dividing the number of empty contain-
ers repositioned in the planning horizon by the
container fleet;

(c) storage index - calculated, per container type,
by dividing the sum of empty containers that
were stored in the planning horizon by the
container fleet;

(d) container fleet utilization index — calculated, per
container type, by dividing the container fleet
by the available fleet of containers.

Scenarios CN0OO to CN09 presented in this paper
show the applicability of the model to several
commercial and operational conditions normally
found in the container liner industry.

Scenario CNOO

This scenario is the basis for the comparison with all
the other scenarios and it is used to develop the
business plan and the portfolio of clients that are
the main objectives of this work. Table 9 (in the
Appendix) shows the model output summing up all
12 periods in the planning horizon. In order to
develop the business plan, the original demand data
are searched using each relation <port of loading +
port of discharge + commodity code + container
type> as the searching key to gather the three most
important clients satisfying the searching key. The
consolidation of the clients’ names found in Table 9
shows 435 active clients that create the carrier’s
portfolio. The clients’ names are presented as stated
in the original demand data. Considering that all
necessary data to represent the business plan for the
liner carrier are presented in Table 9, it can be
concluded that the main objective of this work was
achieved.

The following data extracted from Table 9 are the
basis for an example of the business plan utilization
by the sales personnel:

® port of loading, I_SSZ;

* port of discharge, ] ANR;
commodity code, C_70;

container type, K40_D;

® containers, 531.0;

® client 1, Saint Gobain Vidros S.A;
¢ client 2, Owens Corning Fiberglas;
® client 3, DHL Danzas Air & Ocean.

The sales personnel have to negotiate with the
three above clients to secure 531 containers of the
40 ft dry type from Santos to Antwerp with the cargo
C_70 during the planning horizon of the business
plan with the given freight of $2600. Table 8 presents
the rank of the top 20 clients in terms of commercial
importance based on the number of occurrences in
Table 9. The top five clients (Kuehne & Nagel, DHL
Danzas Air & Ocean, Polytra Nv Transport Engineer-
ing, Lexzau Scharbau, and Panalpina) deserve
special attention from the sales personnel because
they are participating in various commodity flows.

The marketing department is also concerned
about the ships utilization level. Table 10 (in the
Appendix) presents the model output for the ship’s
utilization factor per period in terms of cargo
deadweight, TEUs, plugs, and 40ft slots. It is
important to mention that the seasonality of the
reefer cargoes is reflected in the variation of the plug
utilization factor per period. It is also noted that the
40ft slots can be considered as an operational

Table 8 Client rank for scenario CN0O

Rank Client name Occurrences
1 KUEHNE & NAGEL 30
2 DHL DANZAS AIR & OCEAN 29
3 POLYTRA NV TRANSPORT ENGINEERING 17
4 LEXZAU SCHARBAU 15
5 PANALPINA 14
6 VOLKSWAGEN GROUP 8
7 VOLKSWAGEN BR LTDA 8
8 VOLKSWAGEN TRANSP GMBH & CO HG 6
9 UTI LOGISTICS 5

10 SADIA SA 5

11 ROHDE & LIESENFELD 5

12 LEHNKERING LOGISTICS 5

13 JAS JET AIR SERVICE FORWARDING 5

14 FISCHER SA AGROINDUSTRIA 5

15 COIMEX COMPANHIA IMP EXP 5

16 BAX GLOBAL LOGISTICS 5

17 TOP SPEED TRADING CO 4

18 TNT LOGISTICS 4

19 SYNGENTA GROUP 4

20 SUCOCITRICO CUTRALE LTDA 4
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constraint because the utilization factor is 100 per
cent in all periods.

Scenario CNOI

This scenario reflects a commercial situation in
which the cargo C_02, exported by Brazil, is excluded
from the demand, simulating, for example, a foot
and mouth disease outbreak that closes foreign
markets to Brazilian meat. This cargo represents
$7313772 of the revenue obtained in the basic
scenario CNOO. This exclusion results in a new cargo
selection from the Brazilian and European exports.
The new European export flow presents only
marginal alterations with respect to scenario CNOO.
In the Brazilian export flow, the participation of the
cargo C_08 increased from 1.66 per cent to 2.76 per
cent (+66.3 per cent) in the total revenue. Cargo C_08
has a similar logistics pattern to cargo C_02. It has a
seasonal pattern and uses reefer containers (K40_R
and K20 _R). The KPIs for the scenario evaluation
show that although the market share has increased
by 0.24 per cent, the contribution margin decreased
by 0.35 per cent due to the drop in revenue (—0.13
per cent) and growth in the total costs (+0.73 per
cent). The KPIs for empty container logistics present
large variations for container types K_20R and K40_R
in the repositioning and storage indexes. These
variations in the KPIs are explained by the fact that
the cargo C_08 was exported only through the ports
of Paranagua and Suape in scenario CNOO, but in
scenario CNO1 it is also exported through the ports
of Rio Grande and Santos. With the new port
configurations there is a need to increase the
repositioning of empty containers and, owing to
the seasonality for cargo C_08, there is an increase in
the amount of storage of empty containers at those
ports. The replacement of cargo C_02 by cargo C_08
demands the development of a new portfolio of
clients and the liner carrier should take commercial
action to include in this portfolio the new clients in
the ports of Rio Grande and Santos and to increase
its participation in exports through the port of
Suape.

Scenario CN02

This scenario reflects a commercial situation in
which cargo C_24 selected in scenario CNOO has its
freight rate increased from $2600 to $3500 (+34.6 per
cent). In this new scenario, there is only a marginal
change in the European export flow with respect to
scenario CNOO, but there is a very large increase in

the Brazilian export flow of cargo C_24, whose
participation in the total revenue increased from
just 0.36 per cent to 11.0 per cent. Because cargo
C_24 is exported only through the port of Rio
Grande, the impact on empty container logistics is
considerable and the KPIs for empty container
logistics show that the cost to attend to the cargo
and the repositioning cost increased by 20.20 per
cent and 20.87 per cent respectively, but the
contribution margin increased by 1.39 per cent.

It is important to notice that, in a liner carrier, the
sales and logistics departments are constantly in
conflict and have different goals. In this scenario, the
increase in the logistic costs can be seen as a
negative result for the logistics department. If this
department does not have access to the commercial
results to prove that the costs increase is justified by
the growth in the contribution margin, it will not
collaborate with the sales department in carrying out
the necessary logistics actions to increase the share
of the cargo C_24 in the Brazilian exports.

Scenarios CN0O3 and CN04

These scenarios reflect operational conditions that
affect the return fraction of the empty containers after
import discharging (parameter S]l.f i . s as per Table 2).
In scenario CNO3 the return rate is changed from
(0.0-0.2-0.8) to (0.0-0.4-0.6), in all ports, simulating a
decrease in the lead-time related to the process of
imported cargoes clearance by the Customs autho-
rities. In scenario CNO04, the return fraction is
changed from (0.0-0.2-0.8) to (0.0-0.2-0.4-0.4) in
the port of Santos only, simulating an increase in
lead-time for the imported cargoes clearance.

The change in the return fractions had little
influence on the contribution margin, which re-
mained practically stable, with a slight increase of
0.62 per cent in scenario CN03 and a small decrease
of 0.04 per cent in the scenario CN04. It is observed
in scenario CNO3 that with the decrease in the lead-
time to clear the imported cargoes there is an
increase of the productivity of the container fleet
and, consequently, a reduction of the container fleet
utilization index. The opposite is observed in
scenario CN04, where there is a reduction in the
productivity index and a larger fleet utilization index.

Scenario CN0O5

This scenario reflects an operational situation in
which the depth of the port of Santos is reduced by
0.5m (equivalent to a loss in the cargo deadweight of
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4000t). This scenario simulates a lack of depth
maintenance in the access channel or in the container
terminals. The reduction in the depth of the port of
Santos generates new cargoes selections in the
exports from Brazil and Europe, resulting in a market
share 0.5 per cent smaller and a contribution margin
3.0 per cent smaller than those obtained in scenario
CNO0. Although there are only marginal changes in
the European export flow with respect to scenario
CNOO, there are important changes in the relative
contribution of the European ports to the total
revenue and to TEUs. The port of Le Havre reduced
its contribution to the revenue by 6.6 per cent and its
contribution to TEUs by 7.0 per cent, but these losses
were compensated by the port of Rotterdam, which
increased its contribution to the revenue by 2.8 per
cent and its contribution to TEUs by 2.9 per cent.

The new cargo selection for Brazilian exports
significantly changed the relative contribution of
the ports to the total revenue and to the TEUs. The
port of Santos lost 6.4 per cent in revenue and 6.6 per
cent in TEUs. The port of Paranagua lost 7.8 per cent
in revenue and 7.7 per cent in TEUs. These negative
variations are partially compensated for by positive
variations in the port of Suape, with a growth of 20.2
per cent in revenue and 22.4 per cent in TEUs, and in
the port of Rio Grande, with a growth of 19.6 per cent
in revenue and 25.9 per cent in TEUs. The port of
Sepetiba kept the same contribution as for scenario
CNOO because its maximum market share is reached
in both scenarios.

The changes in the relative participations of the
ports affect the logistics of empty containers, mostly
in the positioning of empty containers among the
ports. The repositioning of empty containers to Rio
Grande increased by 33.4 per cent and to Suape by
18.3 per cent. On the other hand, there was a
reduction of 35.9 per cent in the repositioning of
empty containers to the port of Santos and of 27.1
per cent to the port of Paranagua. The reduction in
the depth of the port of Santos also changes the
average utilization of the ships, in the northbound
direction, it decreased from 92.7 per cent to 86.3 per
cent in cargo deadweight and from 90.3 per cent to
86.3 per cent in TEUs. It is concluded that any
reduction in the depth of the port of Santos results
not only in revenue loss, but also in a market share
loss for the carrier.

Scenario CN0O6

This scenario reflects a commercial situation in
which cargo C_48 should be obligatorily included

in the import flow to the port of Suape. This scenario
simulates the existence of contract between the liner
carrier and its customers that export cargo C_48 to
Suape. There is an increase of the participation of
cargo C_48 in the total revenue from 9.38 per cent in
scenario CNOO to 14.81 per cent in scenario CNO6.
Cargo C_48 uses container type K40_D, for which
there are no export cargoes from the port of Suape,
resulting in a higher repositioning of empty contain-
ers from that port back to Europe, and reducing the
northbound ship capacity for 40 ft full containers.

Scenario CNO7

This scenario reflects a commercial situation in
which the container imbalance between Brazil and
Europe is reduced, by increasing the European
exports and keeping the Brazilian exports constant.
With this new imbalance pattern, which has a
positive effect on the logistics of empty containers,
there is an increase of 2.56 per cent in the
contribution margin and of 2.60 per cent in the total
revenue, mainly due to the growth of the European
exports. It is noted that the productivity index for
container type K20_D increased due to its high share
in the European exports.

Scenarios CN08 and CN09

These scenarios are developed with the aim of
determining which actions liner carriers should take
to increase their participation in the market (indir-
ectly measured here by the maximum fraction of
liner carrier participation in the cargo, P%) in order to
keep its contribution margin constant in case there
is a uniform reduction of freight rates. Two cases are
analysed: for scenario CNO8, there is a 5 per cent
reduction in the freight rate with respect to scenario
CNO00 and for scenario CN09 there is a 10 per cent
reduction in the freight rate.

It is important to note that a positive variation of
PX represents an increase in the potential market, in
which the model should select the cargoes that
maximize the contribution margin. For scenario
CNO8 it is found, by solving the proposed model
for different values of PX, that with a reduction of 5
per cent in the freight rates, the liner carrier would
have the same contribution margin of the basic
scenario CN0OO with an increase of 7.46 per cent in P*
(changing from 36.13 per cent to 43.59 per cent). A
reduction of 10 per cent in the freight rates requires
a value of P* equal to 57.75 per cent. It is also noted
that any increase in P* does not change the carrier’s
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market share proportionally. In the scenario CN08
the market share increased by 1.01 per cent, while in
scenario CNO09 it increased by 1.69 per cent. This
small change in the market share is explained by the
ships’ constraints, either in the cargo deadweight or
in the TEU capacity.

When the liner carrier is confronted with a
market greater than the potential market originally
planned, it should restructure its portfolio of clients
based on the model results. In cases where the new
portfolio is too different from the original portfolio,
the carrier should take sales actions with regard to
the fact that the current clients may have less or
more importance in its new portfolio, some con-
tracts should be renegotiated, and new clients
should be acquired.

4.2 Discussion

The analyses developed for scenarios CN0O to CN09
demonstrate the robustness of the model. Its results
are revealed to be sufficiently consistent and they
represent the reality found in the container liner
industry. The development of a portfolio of clients
was achieved using the data from the CN0O scenario.
The commercial and operational aspects related to
the parameters of the model and to the key
performance indicators can also be analysed with
the model. Examples of these analyses are:

(a) analyses of each cargo contribution to the liner
carrier contribution margin;

(b) analyses of the liner carrier market share, and
the influence of the parameter P5

(c) analyses of the relative importance of the
cargoes and their loading ports;

(d) analyses and development of a portfolio of
clients for a specific cargo type;

(e) analyses of the ship capacity utilization ratio in
TEUs, cargo deadweight, 40 ft containers, and
reefer containers;

(f) analyses of the empty container logistics.

Table 11 (in the Appendix) summarizes the model
output for scenarios CNOO to CN09, which were
developed with specific objectives; to test and
analyse some commercial and operational condi-
tions normally found in the container liner industry.
The analyses of the model results reinforce the
adherence of the model to the reality of the industry.
The development and the application of the KPIs has
assisted in the analyses and has allowed the
presentation, with sufficient clarity, of some existing
cause and effect relationships in the industry. Based

on these analyses it is concluded that the objective of
this work has been achieved and that the model has
the potential for development to become a support
decision system as presented in section 2. The model
output also generates enough data to consider the
significant influence of empty container logistics in
analysis of commercial and operational conditions.
The KPIs for empty container logistics for scenarios
CNO00 to CN09 are summarized in Table 12 (in the
Appendix).

5 CONCLUSIONS

The model developed in this work allows the liner
carrier to modify its business plan process for the
marketing and sales departments, making it more
independent of the commercial pressures of each
regional office. The analysis of the scenarios, devel-
oped with the purpose of verifying the impacts of
different commercial or operational conditions,
emphasizes the existence of a strong relationship
between the logistics of empty containers and the
result of the carrier’'s commercial activity.

It is noticed that any commercial action alters the
carrier’s logistics situation immediately. The logistics
planning should be revised so that the contribution
margin is maintained or increased. In the same way,
any alteration in the carrier’s logistics planning,
whether a constraint in the container fleet or a
change on its composition, demands commercial
action so that the contribution margin is maintained
or increased. Generally, the commercial effort for the
development of a portfolio of clients demands a lot
of time and some of the clients may have service
contracts with the carrier, resulting in commercial
relationships of medium or long term. This fact
decreases the carrier’s flexibility to react to the
operational changes that demand a new composi-
tion of clients in its portfolio in order to keep or
increase the contribution margin. In other words, if
the model solution indicates the participation of a
certain client that is not part of the carrier’s current
portfolio, the carrier should compete with the others
carriers so that it also participates in the selected
clients’ exports.

The results obtained with the model present a
significant adherence to the reality found in the
liner industry, indicating that the model can be
used in practice with success, since the model
efficiently treats the problems faced during the
business plan development. The number of sce-
narios allows a wide range of studies, showing
great flexibility for the model application. There-
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fore, it is concluded that the main objectives of this
work were fully achieved. Although the model has a
good adherence to the reality of the liner industry,
it does not consider the existence of more than one
service calling at the same port. It is generally
observed that the excess of containers generated by
one service can be used in another one, with the
result that the port is balanced from the container
logistics point of view. This balanced situation
decreases the logistics costs considerably and
allows the carrier to develop different portfolios
of clients, per service, even if they have imbalances
when considered individually. This model is being
further developed in order to consider a multi-
route pattern.
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