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Abstracts - One of the crucial strategic planning in the high-speed rail projects is rolling stock planning strategic. The main 
problem is balancing between limited investment costs and composition of the fleet needed. The objective of this study is to 
determine the types and the number of high-speed rail at initial of operation year. The optimization models are developed 
using two-stage integer programming. From the case study, the type of high-speed rail should be used is CRH2A with total 
units of 10 units or 800 cars, 7 units are owned and the rest are leased. In this study, scenario analysis was also carried out 
based on the scenario of the number of ridership. 
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I. INTRODUCTION 
 
High-speed rail projects have begun to be developed 
in Southeast Asia (ASEAN). Indonesia, Malaysia, 
and Singapore are beginning to be interested in the 
existence of high-speed rail as one of mass 
transportation to accommodate the community with a 
shorter time. To realize the project, some appropriate 
planning is needed so that investment costs can be 
optimized. One of them is rolling stock planning. The 
main problem in rolling stock planning is limited 
investment costs (Cohen & Kamga, 2013). 
Investment costs determine the type of high-speed 
rail and the number of high-speed rail units that can 
be used. The use of rolling stock with several types 
can be a highly considered factor to save operational 
costs later (Klosterhalfen et al., 2014; Pinto et al., 
2018). Dealing with competition in the transportation 
industry, transportation providers and owners need to 
balance and optimize between owning and leasing the 
number of rolling stock units used. (Hoff et al., 2010) 
This study deals with rolling stock planning relate to 
the type of high-speed rail, the number of high-speed 
rails to be used, and the purchasing system (buy or 
lease) at initial of the operation year. The method for 
this study is a two-stage integer programming. This 
study is structured as follows. Next section provides 
some literature reviews related to fleet planning. This 
is followed by the methodology approach adopted to 
solve those problems. There are two keys 
components. First is the optimization model to 
determine type of high-speed rail. Second is the 
optimization model to determine the purchasing 
system and total units to address rolling stock 
planning problem. Next section discusses the results. 
The last section summarizes the contents of the study. 
 
II. LITERATURE REVIEW 
 
Strategic planning for long-term planning in railway 
companies is one of the crucial plans that must be 
planned well. One of them is planning fleet 

composition. The optimal fleet composition is needed 
to minimize the total cost of purchasing fleets.  
In the research conducted by Carreira et al. (2017), 
the company has to optimize all fleet units and adapt 
them to the available resources, including budgets. 
Leasing can be a consideration because the company 
can meet future demand without investing in large 
amounts. Optimizing the composition of high-speed 
rail units to be used able to provide optimal results 
and increase net public benefits (Repolho et al., 
2016).  
According to Sayarshad and Tavakkoli-moghaddam 
(2009), costs can be reduced and fleet utilization can 
be increased by using mixed-integer linear 
programming. These results are similar to the results 
of study by Klosterhalfen et al. (2014), that show 
total costs can be reduced by 8 percent using the same 
method. 
 
III. RESEARCH METHODOLOGY 
 
This study presents the two-stage integer 
programming. First stage relates to the types of high-
speed rail and second stage relates to the number of 
high-speed rail units. The models formulations 
require definition of the following notation: 
Sets: 
 
K set of rolling stock types; 
D set of routes; 
P set of periods; 
S set of scenarios; 
Parameters: 
mmax maximum speed limit; 
mmin minimum speed limit; 
mk maximum speed of type of HSR k; 
tsk train sets of type of HSR k; 
tsmax maximum train sets; 
wk width of type of HSR k; 
wmax maximum width; 
hk height of type of HSR k; 
hmax maximum height; 
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fhk floor height of type of HSR k; 
fhmax maximum floor height; 
wek weight per train of type of HSR k; 
wemax maximum weight per train; 
bik buying cost for type of HSR k; 
blk leasing cost for type of HSR k (Rp/year); 
bbk  total buying costs for type of HSR units k; 
bsk  total leasing costs for type of HSR units k; 
imax maximum investment; 
obk operating cost of type of HSR k (owned); 
olk operating cost of type of HSR k (leased); 
ck maximum seat capacity of HSR of type k; 
qdps demand for route d in period p and scenario 
s (pax/month); 
fkpds the number of trips for route d in period p 
and scenario s using HSR of type k; 
pumax maximum percentage allowed to lease; 
alk number of allowed leasing units; 
 
Decision variables: 
xn HSR type k to buy and to lease; 
bk, lk number of HSR type k units to buy/lease; 
Given the notation introduced above, the objective 
function can be formulated as following: 
 
max z ∑ x   (1) 
Subject to: 
m . x m  (2) 
m . x m  (3) 
ts . x ts  (4) 
w . x w  (5) 
h . x h  (6) 
h . x h  (7) 

we . x we  (8) 
∑ x 1   (9) 
x 1,0  (10) 
 
The objective function (1) is about total the types of 
high-speed rail to select. Constraints (2-3) are speed 
limit constraints. Each type of high-speed rail chosen 
does not exceed or less than the allowed speed limit. 
Constraints (4) are train sets limit. Constraints (5-8) 
are specifications constraints. Each specification of 
the selected type has to meet the allowed width, 
height, floor height, and weight limit. Constraints (9) 
are minimum type to select. Constraints (10) define 

the domain for decision variables. 
After determining the type of high-speed rail used, 
then the types are included in the second optimization 
model. The model formulation: 
 
min z ∑ bi ob b . x ∑ bl
ol  . l . x  (11) 
Subject to: 
∑ c . b l . f q  (12) 
∑ bb . b . x ∑ bs l . x i  (13) 
al b l . pu  (14) 
b , l integer (15) 
b , l 0 (16) 
 
The objective function (11) concerns to minimize 
expected total costs. Constraints (12) are seats 
capacity constraints. The sum of available seats 
capacity has to able to meet the total expected 
demand. Constraints (13) set maximum investment 
allowed to use. Constraints (14) are leasing units 
limit. Total units to lease do not exceed the total of 
allowed units to lease. Constraints (15) and (16) are 
the domain for decision variables. 
 
IV. RESULTS 
 
The results of this study consist of two parts. First 
part adopts data from the high-speed rail project in 
Indonesia. Second part is obtained from several 
scenarios.  
 
4.1 Application 
The application of optimization models in this study 
adopts data from high-speed project in Indonesia. The 
total types of high-speed rail are seven types 
consisting of CRH1A, CRH2A, CRH3A, CRH5A, 
CRH6B, CRH380A, and CRH380. Specifications of 
each type are showed in table 1. Some conditions and 
assumptions in this study: 
a. Maximum investment costs: Rp 5.689 B (7% of 

total project costs) 
b. Owned and leased costs: 20% and 37% higher than 

investment costs 
c. Number of ridership: 8.7 M per month 
d. Trips per day: 50 trips 

 
Table 1. Specifications of high-speed rail types 

Types of HSR CRH380B CRH1A CRH5A CRH380A CRH3A CRH2A CRH6A 

Design Speed (km/h) 350 250 250 350 350 250 220 

Trainsets 8 8 8 8 8 8 8 

Seat Capacity (pax) 551 670 496 494 556 610 586 

Width (mm) 3,257 3,328 3,200 3,380 3,265 3,380 3,300 

Height (mm) 3,890 4,040 4,270 3,700 3,890 3,700 3,860 

Floor height 1,260 1,250 1,250 1,300 1,250 1,250 1,250 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-5, Issue-3, Mar.-2019 
http://iraj.in 

Optimization Determination the Type and the Number of High-Speed Rail Units in Indonesia 
 

66 

Weight per train (tons) 490 435 443 443 447 360 462 
The results obtained in the first stage optimization 
model are selected three types of high-speed rail 
(CRH1A, CRH2A, and CRH6A). Furthermore, these 
results are tested on the second stage optimization 
model. The best solution for the case study is 
summarized in table 2. 
 

Table 2. Types, units, and costs in the case study 

Indicator 
Results 

Owned Leased 

Types:     

  

CRH1A 0 0 

CRH2A 7 3 

CRH6A 0 0 

Total units 10 

Costs (in millions):   

  
Owned Rp        1,884,960 

Leased Rp        293,964 

Total costs (in millions) Rp        2,178,924 

 
4.2 Scenario Analysis 
Scenario analysis is built on scenario tree. The 
scenario tree may represent the same future situation 
in terms of ridership. The scenario tree is divided into 
three levels: low (10%), medium (30%), and high 
(50%). There is increase and decrease in the number 
of ridership for each level (fig. 1). Table 3 shows the 

comparison of results and describes the best fleet for 
each scenario. The first column in the table indicates 
scenarios that consist of low-increase (LD), low-
decrease (LD), medium-increase (MI), medium-
decrease (MD), high-increase (HI), and high-decrease 
(HD). The second column indicates the best types of 
purchase according to the number of expected 
ridership. The next three columns indicate the number 
of high-speed rail units to buy, to lease, and total 
units. The next two columns indicate the total buying 
cost and leasing cost per scenario. The last column 
indicates total costs that can be optimized. All 
scenarios select CRH2A as the best fleet solution. It 
means that CRH2A is able to optimize total costs 
with all possible changes to the scenario in the future. 
In spite of the HI scenario there is another selected 
type, the number of HSR units in CRH2A has a 
greater proportion. 
 
CONCLUSIONS 
 
This paper presented a study on determining the types 
and the number of high-speed rail units used in the 
initial of operational year. The objective of this study 
was minimizing the expected total cost in limitation 
of investment costs for rolling stock composition. The 
objective was solved by two-stage integer 
programming that was able to determine the 
appropriate rolling stock composition and consider 
several demand scenarios. 
 

 

Fig. 1. The three-level scenario tree  
 

Table 3.  Comparison of results per scenario 

 
 
The optimization models proved can be applied to 
obtain best solutions. The models can be useful in the 
initial of operation year due to uncertainty ridership. 
According to the case study, the total units to 

accommodate the expected ridership are ten units 
using the CRH2A type. The best solutions on 
scenario tree also showed CRH2A as the best type 
solution. The limitation of this study is the 
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optimization models only calculate the expected total 
costs. Income and benefit may be considered for next 
research so that feasibility of the project will be 
obtained. 
REFERENCES 
 
[1] Carreira, Joana S., Lulli, Guglielmo, Antunes, Antonio P. 

(2017). The airline long-haul fleet planning problem: The 
case of TAP service to/from Brazil. European Journal of 
Operation Research 263, p. 639-651. Elsevier B.V. 
http://dx.doi.org/10.1016/j.ejor.2017.05.015 

[2] Cohen, James, Kamga, Camille (2013). Financing high speed 
rail in the United States and France: The evolution of public-
private partnerships. Research in Transportation Business & 
Management 6, 62-70. Elsevier Limited. 
http://dx.doi.org/10.1016/j.rtbm.2012.11.013 

[3] Hoff, Arild, Andersson, Henrik, Christiansen, Marielle, 
Hasle, Geir, Løkketangen, Arne (2010). Industrial aspects 
and literature survey: Fleet composition and routing. 
Computers & Operations Research 37, 2041-2061. Elsevier 
Limited.http://dx.doi.org/10.1016/j.cor.2010.03.015 

[4] J.P. Baumgartner (2011, January). Prices and costs in the 
railway sector. Retrieved from https://www.cupt.gov.pl/ 
images/zakladki/analiza_koszt%C3%B3w_i_korzysci/J_P_B

aumgartner_Prices_and_Costs_in_the_Railway_Sector_Ecole
_Polytechnique_Federale_de_Lausanne_2001.pdf 

[5] Klosterhalfen, S.T., Kallrath, J., Fischer, G. (2014). Rail car 
fleet design: Optimization of structure and size. Int. J. 
Production Economics 157, 112-119. Elsevier Limited. 
http://dx.doi.org/10.1016/j.ijpe.2013.05.008 

[6] Pinto, Roberto, Lagorio, Alexandra, Golini, Ruggero (2018). 
Urban freight fleet composition problem. IFAC 
PapersOnLine 51-11, 582-587. Elsevier Limited. 
http://dx.doi.org/10.1016/ j.ifac ol.2018381 

[7] Repko, Martijn G.J., Santos, Bruno F. (2017). Scenario tree 
airline fleet planning for demand uncertainty. Journal of Air 
Transport Management 65, p. 198-208. Elsevier Ltd. 
http://dx.doi.org/10.1016/j.jairtraman.2017.06.010 

[8] Repolho, Hugo M., Church, Richard L., Antunes, António P. 
(2016). Optimizing station location and fleet composition for 
a high-speed rail line. Transportation Research Part E, 437-
452. Elsevier Limited. http://dx.doi.org/10.1016/j.tre.2016.06. 
006 

[9] Sayarshad, Hamid R., Tavakkoli-Moghaddam, Reza (2009). 
Solving a multi periodic stochastic model of the rail-car fleet 
sizing by two-stage optimization formulation. Applied 
Mathematical Modelling 34, 1164-1174. Elsevier Limited. 
http://dx.doi.org/ 10.1016/j.apm.2009.08.004 

 
 
 
 
 

 


