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ABSTRACT This paper analyses the contribution made by tbentmtive remanufacturing to supporting sustainaleleelopment.

A case study approach is used to analyse the peaatremanufacturing in the centre of locomotivemtenance, repair and overhaul
situated in Yogyakarta, Indonesia. The practicodmotive remanufacturing contributes to econodaeelopment in at least three
ways: economically, socially and ecologically. Tdteallenges of locomotive remanufacturing are alesented. This paper offers
originality and contributes to knowledge in thesethat it is the first time that locomotive rem@aturing has been analysed from

a macro perspective. Future research recommendatierpresented at the end of the paper.
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1. INTRODUCTION

The topic of remanufacturing falls under the broatieme of
sustainable manufacturing, which has received denable
scholarly attention in recent years. This is padiye to a
growing trend amongst government bodies, such aspean
Union Directives, Waste Electrical and Electroniguipment
(WEEE), the Kyoto Protocol, and End-of-Life VehigléELV)

in developing countries are very rare. Also, thetgpa of
product use in developing countries is differemtnr that in
developed nations. Thus, the findings of existihgdies in
developed countries may not be applicable to imgust
developing nations.

This lack of understanding is heightened, as ttiidés of users
in developing countries are different to those eveloped

in favour of adopting more environmentally friendly countries. Users in developing countries tend t® poducts

manufacturing practices and regulations. Economédysis has
shown remanufacturing to be a viable prospectivein@ss
model [1], and one that is environmentally friendigm an

ecological perspective [2]. Remanufacturing is owly viewed

as an effective way to minimise discarded wastealso as part
of a company’s manufacturing and marketing straf8gy

The concept of remanufacturing has been well dootedein
literature and applied in various industries acrdg$erent
countries ([6], [7]). China, for example, has beattively
engaged in implementing sustainable
particularly remanufacturing. To support this impkntation,
the country has set up a strategic plan to devdlop
remanufacturing industry [8]. Japan ([9], [10])dia ([11]-[13])
and Australia [14] have all adopted similar pragsic

In terms of product types, automotive products thee most
commonly remanufactured [3], but other product typach as
photocopiers [7], [12], [15], forklift trucks [16}pner cartridges
[16] and telecommunication devices ([11], [17]) aflegaining

in popularity. This indicates that remanufacturings spread
widely across many different countries and prodyoes.

Despite the popularity of remanufacturing acrosfferdint
industries and countries, there is still a lackmdwledge in the
area for a number of reasons. First, the applinataf
remanufacturing is still not well understood in dkping
countries. This is due to the fact that most stuthers far have
been undertaken in developed countries, and stedie®d out

until the end of the product’s life. On the otheanH, in
developed countries, products are used for a cepaiiod of
time, without waiting until the products are coniplg un-
useable.

Second, in terms of the actual products, locomasiane of the
product categories most suitable for remanufacgurand
reconditioning. Unfortunately, there is a lack ofudies
investigating locomotives specifically. One possibdason for
this could be that size of locomotives is far taoge to be

manufacturing,investigated as a single unit of analysis. To overe this issue,

many studies analyse individual parts or componeoits
locomotives. The present study aims to addressdhéesarch gap
by investigating the overall locomotive as the wifitinalysis.

Research questions. How do the practices of locomotive
maintenance, overhaul and operations contribute to sustainable
economic development?

2. METHODS
2.1.Case study: PT. Balai Yasa

This study was undertaken at PT. Balai Yasa, @tlah
Yogyakarta, Indonesia. The company was selectétbasibject
as it is a national centre for maintenance, regadt operations
of locomotives. All locomotives operated in the nty are
remanufactured at the company. Due to its stratpggition,
locomotive remanufacturing is critical not only the company,
but also for the society within which it operates.
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Table 1. The schedule of locomotive maintenance, repair and

operations.
No Type of Regular Semi-final Final
" | engines | maintenancg maintenance maintenance
. 500, 1,000,
1. | fdraule |y 000and | 1299 | 24,000 hours
8,000 hours
Electrical | 1, 2, 3, 6 and 325.000 km| 650.000 km
2. i
locomotive| 12 months | or 2 years or 4 years

PT. Balai Yasa was established by Nederland Indisch
Spoorweg Maatschapij (NIS), whose main businesdois
overhaul both hydraulic and electrical train locdives. The
main customer of the company is Indonesian Raili€erwhich

is the only operator of railway services in Inddae¥he service
that the company offers to its customer is not ofrgin
locomotive overhauls, but also regular maintenaasepart of
maintenance, repairs and operations (MRO). Thedstbeof
regular services and overhaul is presented in Thialaove.

2.2.The process of locomotive remanufacturing

Used locomotives undergo a series of steps durimg t
remanufacturing process. Once the locomotives hawveed at

the company’s facility, they are tested to obtaiitial data
regarding their general condition. Then, they asaskembled
into the frame and its components, which are distad to
different shops. In the shops, the components aeimed in
more detail, to determine whether they qualify farther
processes. Qualifying components are repaired,keldeand
tested for whether they can perform at a level ¢dast equal to
a new component. At this stage many of the compsrieve to
be replaced with new ones. Mechanical, electriodl @tating
components are remanufactured using latest availabl
technology. After all components have been testiedned, and
reprocessed, they are rebuilt into final produdihe final
products are then tested before they are dispatohmdastomers.
The overall process takes roughly 32 days, depgndimthe
condition and type of the locomotives.

3. FINDINGSAND ANALYSIS

As pointed out by Lund [18], remanufacturing offeenefits in
three broad areas: social, economic and ecolodites. study
confirms that opinion, within the specific conteftiocomotive
remanufacturing. The benefits are summarised ideTapand
will be explained in more detail in the followinguagraph.

Table 2. Summary of benefits produced by the locomotive remanufacturing in Indonesia.

Economic benefit
. Absorbing a large number of employees
L Labour absorption Need for low level skilled and flexible workers
2. Lower production cost Lower price of remanufiaetl products than the new products
Social Benefit
1 Supports low cost economic productio Lower public transportation cost
' PP P Low cost of transportation leads to lower produtost
5 Increases quality of life Reduces traffic congestion
' q y Less pollution from private, individually owned sar
3 Supports low cost transportation Fosters national economic growth
' bp b Supports mobility of people in the country
Ecological Benefit
1 Recovered energy Saving of the energy used for_ m_akmg thg products
No need to use purely virgin materials
2. Reduce the an?;)rlljgfti”of waste going ntg Only certain parts are replaced with new ones
3. Reduces the use of virgin materials Reqo_ve_ry_ of most components from_ cores
Minimising the use of virgin materials

3.1. Economic Benefits

The social benefit of remanufacturing is that éates jobs for a
large number of people, as it can be categorised Ebour
intensive business. As many as 475 people worlhéncase
company; they typically carry out jobs manuallytiwininimal
assistance from technology. In addition to thimyaaufacturing
can keep train operation costs down.
perspective, the low costs of train operators helpromote
economic growth.

The use of automated equipment is less suitablléomotive
remanufacturing, and is replaced with human labdtor
example, to move heavy components the companyalypigse
several employees, who work together, rather tisémguobotic
or automatic equipment. From the perspective ofufaturers,
remanufacturing is an environmentally friendly piee, as well
economically efficient. Labour expenses in the neafacturing
processes are mainly intended to preserve the etonvalue of
cores by maintaining the original shape of the potsl

Producing new locomotives is much higher cost imgarison

to remanufacturing used ones. The highest propodidhe cost

of locomotive remanufacturing is the expense ofifbgiynew
components to replace worn out parts. In many cdBescase
company decided to make new components, due to cost
considerations, although this takes longer time.

From a broadefiterature claims that remanufacturing costs atgyhty 60% of

manufacturing new products [18]. However, in thisdy, the
figure is even more impressive; remanufacturing herfound
to cost less than 40% of the cost of manufactunsg products.
This is due to the fact that remanufacturing iakeolr intensive
industry, and labour costs in Indonesia are noth hig

comparison with developed countries.

Remanufacturing requires a customised approachevVery
single component. Each component of each locomotiuéd be
in a different condition, requiring different prasing. For this
reason, a large number of employees are needagppms the
process of remanufacturing locomotives. Due to ¢hstom
nature of the work needed for different componehtsworkers
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in the factory, which use cellular layout desigeed to be
flexible. They should be multi-skilled, so thatytean be rotated
easily across different jobs.

The economic benefit of locomotive remanufactutiag in the

recovered value of used locomotives. There is ndbtithat the
cost of buying new locomotives is much higher imparison

to that of remanufacturing used locomotives. Is ttase study,
the economic benefit of remanufacturing can beutaled using
the following equation:

Economic benefit of remanufacturing = Recoveredi@al The
cost of recovery process

The recovered value refers to the residual valuee othe
locomotives have been remanufactured. This can waadgly
depending on various factors, such as behaviouussfrs,
patterns of use, age of the locomotive, climatedié@ns, and
so on. The case company attempts to maximise tteveeed
value, as this is where the cost saving comes from.

On the right hand side of the equation above isdb®& of
recovery. This consists of various components, witan be
broadly divided into three main categories:

Labour cost. All the jobs taking place on the shop floor are
carried out manually by humans, with no automafidrere

is no use of robotic technology in remanufacturing
processes. The use of manual labour is strongly
recommended, particularly for testing and inspectio
processes, as these require employees to usguithgment
to decide whether the components can be accepted
rejected. The cost of labour outweighs the cosiutdmatic
technology adoption. For this reason, labour alignrgs
high in locomotive remanufacturing processes, whith
turn promotes the welfare of the employees.

Cost of component replacement. There are many
components that it is not feasible to reprocesd, thase
must be replaced with new ones as part of the
remanufacturing process. For some locomotive motieds
new components are no longer available, as the inodee
originally produced decades ago. Sometimes
components are available, but the price of purcigasiem
is extremely high, and thus not feasible. To overedhis
challenge, the case company decided to make thes
components itself.

Processing cost. This includes all of the activities
undertaken to restore components so that they mee
specifications for ‘like new’ quality. This covettse cost of
disassembling the locomotive into components, rigsti
cleaning and inspecting the components, as wahasise

of tools and supplies.

3.2.Social Benefits

To some extent, locomotive remanufacturing affethe
behaviour of people traveling to their workplaceidence for
this is more apparent in large Indonesian citisshsas Jakarta,
Surabaya and Bandung, where traffic congestion $eraous
problem. Low cost of locomotive remanufacturing dgao
lower operational costs for public transportatitims causes
many commuters decide to use trains as their toategon
method. A large number of commuters who previodsbye are
now using trains to get to work. This switch frosewof private
cars to trains has significantly reduced the amadiqtollution
released into the air.

the

Figure 1 presents the number of commuters usingstren
Jakarta during the period of 2010-2015. As showthintable,

0,

there is a growing trend of commuters using traims;indicates
that the importance of locomotive remanufacturingréases
from time to time. The figure also implies that cooters can
behave in a more environmentally friendly way.

From a broader perspective, customers’ decisionst trains
rather than private cars offers a further econdmeicefit. Less
cars on the road means reduced traffic congestieaning the
government needs to spend less money subsidisihg oi
consumption. In 2015, the government in Indonegans
roughly 13.72 billion U.S. dollars on oil subsididgis figure
would be much higher if more commuters were usirigape
cars.
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Source: Biro Pusat Statistik [19]
Figure 1. Number of commuters using trains in Greater Jakarta

{'he multiplier effect of the higher rate of traisage for public
transportation is that there is less pollution frarivate cars. The
large size of the Indonesian population means tleeehuge
potential for producing air pollution. In fact, lodesia has the
fourth largest population in the world, and traffiengestion in
several of its cities is categorised as being antbagworst in
the world. For example, a study revealed that Jaktre capital
of the country, is one of the most populous urliggi@merations
on earth, with a population of 10.2 million in 2012D]. The
amount of air pollution could be huge if all comenstrelied on
private cars. At present, trains are the prefemeade of
transportation in the capital, for a number of cems including
eliability, affordability, and easy access to bqtbint of
eparture and destination.

3.3. Ecological Benefits
t
There is a common belief that remanufacturinggead way to

save energy and conserve the environment. Howiemgractice

it is not so simple. Thus, deeper analysis is regiuio determine
whether remanufacturing is more environmentallgrfdly than

manufacturing.

Gutowski et al. [4] have found that remanufacturprgducts
requires less money but does not necessarily saeege
Energy saving from remanufacturing can only happken the
technology of the products is stable. When thersgaificant
improvement in energy efficiency on new products,
remanufacturing is not preferred option. This study
demonstrates that locomotive remanufacturing is ooty
economically beneficial but also energy efficiefithis is
because the locomotives are made from reprocessed that
still hold a large amount of economic value andrgneThe
process does not start from scratch with the pridsluof new
products from virgin materials only.

For the case company, remanufacturing is a goodrofb
increase the life of locomotives. On average, ttacgss can
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extend the life of the products by up to 20 yelrsaddition to
remanufacturing, the case company also offers mtodu
overhauls, which can increase the life of a locaveodby in the
range of 7 to 9 years.

According to interviews carried out with particigarirom the
case company, ecological cost can be considerelgetdthe
negative impact of the remanufacturing process.réghod by
which to measure the net ecological benefit of reufecturing
is as follows:

Ecological benefit (Recovered energy + avoided
environmental energy) — impact of remanufacturiracpss

The findings of this study corroborate global engairevidence.
A study undertaken by Argonne National Laboratory
demonstrated that the annual energy saving produmed
remanufacturing could be as high as 400 trillionUBT This
value is equal to 10.7 million barrels of crude wihich would
require 233 standard super tankers to transpoksguming an
oil price of as much as USD 70 per barrel, the rgavis
equivalent to USD 750 million. According to the dyu
remanufacturing could reduce the production of cartiioxide
by 28 million tons per year. Other alternative noeth to
measure the environmental benefit of remanufaajurame
explained in detail by Sundin [21].

From the perspective of sustainable production,dycd
recovery activities can save a large amount of pae

materials. A study carried out by Nasr [22] demmatst that as
much as 85% of energy used during production caedmvered
via remanufacturing. The findings of the presergecatudy
confirm this opinion, although the exact figureastjng energy
spending requires further more detailed analysexetheless,
this figure is much higher compared to other recpweethods,
for example recycling. Remanufacturing can recdwath the

materials of the cores, as well as the economicevdtom

product [23] as the shape of the products is pvesef6]. The

main ecological benefit of locomotive remanufaatgris that

the material shape of the products is preserveslj #re not
burned, or melted back into their raw material,ciihévoids the
use of virgin material.

One of the challenges of locomotive remanufactuisripat the

original products are not designed or developel pribduct life

cycle in mind. This causes difficulties for the easompany
during the remanufacturing process. One of the austho cope
with this issue is to use reverse engineering. Hewethis

strategy does not always work, and it is also gdstundertake.
For example, disassembling components is not alvthgs
reverse of their assembly. Some components argrassifor

single use only, and use permanent connectors.ctnapany

intends to disassemble them, the components mubtdien

down, and the connectors are not reusable. Irctgs, reverse
engineering is not relevant.

4. FUTURE RESEARCH DIRECTIONS

The present study directs the researcher to fuithesstigate
several research avenues. First, future reseamlicsimeasure
the effects of an integrated sustainable supplyincten
economic development. The present study only inyasts the
effects of a single case company on overall ecooomi
development. The results would be much more agdpbc#
future research was to investigate the effect daégrated
sustainable supply chain on overall economic dgramt.

Another point of interest is how to assess thegoerénce from
an environmental perspective, as the reverse sugmin is

intended to respond to regulation regarding thisues
Measuring supply chain performance whilst embrasiagous
actors in the chain is a complex activity. Moststixig studies
examine a single company when measuring reverggyscipain
performance, or analyses a reciprocal relationbkigveen the
company and its customers, the users and partiesnireg
products [24]. The author thus considers that tieeeneed to
develop a comprehensive performance managemengénsyst
integrating economic and environmental metricssuaggested
by Gobbi [25].

Another point of interest for future research di@ts is
knowledge creation and management in remanufagturin
Locomotive remanufacturing requires skills that specific to
the job. There is no training or other formal edima
institutions that educate individuals on the subyédocomotive
remanufacturing. Accordingly, skills and knowledgae
developed in house through knowledge creation
accumulation. Reverse engineering is sometimesrtaica to
develop certain areas, such as the disassemblyegsoc
However, this method is not always successful,ismantling
products is not always the exact reverse of therally.
Another example of specific knowledge developed thg
remanufacturer itself is identification of partattypically need

to be replaced if they become worn out. Workerseutading

this job should have knowledge accumulated frompihst. In
addition, the product knowledge possessed by theufaaturer

is less relevant to remanufacturing. Thus, a p@kenésearch
enquiry is: how do remanufacturing companies manage
knowledge creation to support their operations?
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