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Abstract

Environmental concern of waste materials and prodigposals has encouraged some companies to epbsit
businesses more efficiently while minimizing wasbae of the ways to achieve this purpose is byntpkiack end-
of-life products for remanufacture for life extemsi Since the quantity of returned product is utaerand its
quality is not always good, so the companies sékd to produce new products to fulfill their cusér demand.
Hence, they need to put both manufacturing and mefaaturing together in one system. This reseatiraddress
the possibilities and scope of remanufacturing andgdadesh. This research has investigated and zauaihe
industry sectors, the scope of products to be refaatured and how the world is getting benefitsnfro
remanufacturing. Also this research is going tocukis the existing practices of Remanufacturing dvaide
especially USA and how Bangladesh can be benefitted this comparing to other countries. The outeasfthis
research will encourage companies to undertakaisatie manufacturing strategies in their manufaotusystem
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2. Introduction
2.1 What is Remanufacturing?

Remanufacturing is the process of disassemblyadymts during which time parts are cleaned, redaraeplaced
then reassembled to sound working condit[@nofessor Robert T. Lund]

A product is considered to be remanufactured if:

e Its primary components come from a used product.

e The used product is dismantled to the extent nacgs$s determine the condition of its components.

e The used product's components are thoroughly cieané made free from rust and corrosion.

« All missing, defective, broken or substantially wagparts are either restored to sound, functionallgood
condition, or they are replaced with new, remanuifi@tl, or sound, functionally good used parts.

e To put the product in sound working condition, sathchining, rewinding, refinishing or other operas are
performed as necessary.

« The product is reassembled and a determinatioraderthat it will operate like a similar new product

There are hundreds of distinct products that anegoeemanufactured. The following is just a sh@st bf some of
these products:1. Motor Vehicle Parts 2. Officeniture 3. Compressors 4. Electrical Apparatus Vénding
Machines 6. Photo Copiers 7. Laser Toner Cartdad@e Data Communication Equipment 9. Gaming Maehi
10. Musical Instruments 11. Robots 12. Aircraftted 3. Bakery Equipment 14. Much, Much More.

Two major important stages during recovery of ugemtiucts are, i) De-manufacturing ii) Re-manufacigir De-
manufacturing involves disassembly, sorting, clegniand material separation to various levels ofityu
Remanufacturing consists of repairing, refurbishingassembly, repackaging, and material compounding
synthesis [1]. Our concern in this research isdmline re-manufacturing part of end of used pral(EDUP’s)
and new product manufacturing.
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The flow of materials and products in this envir@mhoccurs both from the customer to the remanufect
(reverse flow), and from the remanufacturer to tustomer (forward flow). Since most of the produatsd
materials may be conserved, essentially this fami®sed-loop logistics system [1].
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Figure 1: A typical manufacturing —remanufacturgygtem.

2.2 Remanufacturing worldwide

Extensive research works have been done andusiitimg in the field of remanufacturing worldwideich as why
should take re-manufacturing in our system, howiriplement and the benefits we are getting from re-
manufacturing, re-manufacturing and eco-efficieang so on. We will present some of the researttome here
that motivated us to do research in this area. WWesee how the world business enterprises, ecoesmand
societies are getting benefitted by remanufacturifigese trends and practices can be very encogrdgin
Bangladeshi Industries to take remanufacturingesgsain their system.

2.2.1 How world business enter prises getting benefit from remanufacturing

The argument for an enterprise to enter the businésemanufacturing products or distributing reofantured
ones is compelling. Original equipment manufacRIf@EMS) like General Electric, Boeing, CaterpillBreere,
Navistar, Xerox, and Pitney Bowes have creatednessi models in which capital goods remanufactuisngn
integral part. They currently lease, remanufactared remarket an estimated $130 billion of assg@lslp the
consumer durable goods case, most automotive OHhNfectly or indirectly, engage in some level of
remanufacturing, with the used parts generally sbldugh the same distributor network used for rmves.
Eastman Kodak and Fuji Photo Film have revolutiediphotography with their single-use cameras, bastm
consumers are unaware that the cameras are rernamathup to 10 times after being returned for filmcessing.
As far back as the 1930s, when Henry Ford begammafacturing automobile engines after the Greatr&son
brought new car sales to a standstill, companiés avi eye to the future have recognized and cigthbn this

Table 1: expresses some example from US enterpfies

Size and scope of remanufacturing activity in the US | Reélative size of remanufacturing activity in the US

Total number of firms 73,000 Industry sector Employment Shipment value

Total annual industry sales $53 billion Remanufacturing 480,000 $53 billion

Total direct employment 480,000 Household consumer durables 495,000 $51 billion
Average annual company sales $2.9 million Steel mill products 241,000 $56 billion

Average company employment 24 Computers & peripherals 200,000 $56 billion

Number of product areas Over 46 major categories | Pharmaceuticals 194,000 $68 billion
Source: Lund (199
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untapped opportunity. Many enterprises are staklehslin the successful expansion of remanufactuiihg list
below, gives some examples: i) Firms that use reffiaatured products, enabling them to reduce thapital
investment expenditures ii) OEMs, which can userémeanufacturing process and the remarketing ofebelting
products as a business strategy to increase pridfitManufacturers of specialized equipment ugethe process,
such as cleaning and test equipment, optical gaagesso on. iv) OEM stockholders, who would likege greater
growth and stability in their investments v) Infation technology suppliers, who would help builde thr
infrastructure to support remanufacturing and iigtron process activities vi) Management consu#tawho would
assist new-condition product manufacturers in ipooating remanufacturing into their business mosi)s Design
engineering software suppliers, who would develepigh optimization tools for the remanufacturinggqasses of
disassembly and reassembly viii) Financial serfilgas, which would finance the capital investmeweded for
companies to enter the remanufacturing sector kjd¥party logistics suppliers, which would expede a large
increase in reverse logistics activity. [6]

2.2.2 How consumer s ar e getting benefit from remanufacturing

Remanufacturing brings lower prices to the consutypically on the order of 30 to 40 percent ldsmtsimilar
new products. It also means more consumer chaspecilly for discontinued products that are atithilable in
mint condition, which is currently the case in sirthustries as retail auto parts.

2.2.3 How Societies ar e getting benefit from re-manufacturing

Society is arguably the greatest beneficiary ofamuafacturing. As a material productivity initiativiae process has
an intrinsic societal benefit in that it reducee tlolume of energy and natural resources requoggraduce the
goods we value. Remanufactured products incur ¢batsare typically 40 to 65 percent less thanehasurred in
the delivery of new products. This is because mbshe raw materials already exist in their finatrh and thus
require only a fraction of the material processieguired of new products. In terms of energy corgion,
remanufacturing a product requires only about I6er of the energy used to make the product fromatsh. The
estimated worldwide energy savings of current ranfecturing in lieu of building new products is artiiedible 400
trillion BTUs of energy annually. To put that figumto perspective, it is the equivalent of abdditrillion barrels
of crude oil (about 350 tankers), or enough gasdiinrun 6 million cars for a year. As a directulesf the energy
savings, remanufacturing is also extremely effectivreducing greenhouse gas emissions. A weigivedage of
140 pounds of CO2 is emitted for every million BTbfsenergy consumed (burning coal is higher, hylaiac
and nuclear lower). Based on its estimated saviafgd400 trillion BTUs per year, remanufacturing al®ithe
generation of about 28 million tons of CO2 annuaibughly the output of ten 500-megawatt coal-bugrelectrical
plants [6].

The estimated savings in raw materials is equamelling the materials saved would fill 155,000way cars in

a train spanning 1,100 miles. While recycling hasirailar effect in terms of conserving natural reses, it

requires that the parts be returned to their ratesfwhich requires energy), at which point the ufacturing

process must be repeated just as if virgin raw rzdgewere used (which also requires energy). Adlse energy
savings are only the tip of the iceberg. It hasbestimated that if capital goods OEMs and automsadtelivered 20
and 10 percent of their product output, respegtiviel a remanufactured rather than new conditiemanufacturing
activity in the United States would increasg 200 percent. That equates to an estimated ® tpetcent drop in
waste and energy consumption throughout the ed&renanufacturing supply chain.

European governments have taken an aggressiveestafiavor of remanufacturing. As of 2002, for exdes no
more than 15 percent of a scrap vehicle can beled in Europe, with that percentage dropping peigent by
2015, coupled with the mandate that a percentagautifmobiles sold each year must be remanufacturiee.
German Packaging Order and the German Recyclinghaste Control Act are models of how to establisteg
legislation to drive remanufacturing.

3. Remanufacturing in Bangladesh

The actual scenario in manufacturing and remanuifagt industries in Bangladesh is yet to expanthascountry
is still growing and expanding all the way throubke technology in the long run to the competitieegpective. We
have investigated the manufacturing sectors andptbducts that can be remanufactured. Some of them
presented in Table 2.
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Table 2: Remanufacturing Industry sectors andysts in Bangladesh

Automotive Alternators, Starter Motors, Water Pumps, Clutcimes Engines
Compressors & Refrigeration Air conditioner d@efrigerator Compressor.

Electrical Apparatus Transformers, Electrical Motors and Switch ,Geatt&y
Machinery Machinery and Equipment for varioudustries

Office Furniture Desks, Files and Partitions

Tires, retreaded Truck, Auto and Off-road Tires

Toner Cartridges Laser toner cartridges Ink jet cartridges

Valves, industrial Control & Relief valves

Gaming machines

Musical Instruments

Aircrafts Parts

Robots

Bakery Equipments

Data communication equipment

The industrial sectors and the products shown letd are promising for remanufacturing in Bangkudé7].
During our investigation we have talked to the atitfes of different industries. Maximum of the cpamies are not
practicing remanufacturing in their system. Theyn'tliohave proper knowledge aboltow to manage
manufacturing and remanufacturing simultaneouslhthieir system. Also how to schedule the productionl
manage inventories in such hybrid system is a higstion to them. Also they are fear about the testl
implementing such policy. One thing they agreedrdpour study is that huge value they are losingtadake back
the used products. They acknowledged that eventgopwethey can regain up to 70-80% value from yweducts.
Due to the lack of awareness and knowledge of miagaguch system is a dominant reason for not taking
remanufacturing in their system. Some companiespaaeticing re-manufacturing but their activitiese avery
limited. Plastic product manufacturers in Banglédas doing re-cycling but not remanufacturing. @ifeerence is
that the value we regain from recycling, of them8806 we normally lose due to energy consume, maaspauwd
doing other activities to get the product in a Usahape. Other manufacturing companies are pigttbis in a
very limited manner and are not professionally ngama remanufacturing system. Actually, it is veiffidult to
guantify how much impact will be on turnover atstimoment as they are not practicing it professlgnalut
experience from other countries we can say thhad great impact on the company’s profit marginr @ture
research will be to quantify exactly how much fieafs to company’s profit margin.

We know environmental concern is very important reoday. Industries are making waste and throwiegitin the
environment. Bangladesh is a severely polluted tguoy industrial waste. So at present the burmisge is how to
protect environment from waste. The only way isthieve sustainable manufacturing system. If wensenimize

the rate of waste we are throwing to the envirortmemill be less polluted. The most popular affietive way is

to remanufacture the used product. By re-manufexjuwe can regain the values up to 85%, while ¢tal product
normally goes to the environment as waste if wetdtmthat. In Bangladesh we are not practicingiemmentally

conscious manufacturing policy for our system. Nbig time to think about it. We are taking someaswres for
environmental concern such as ETP and so on. Bugrenpossible, re-manufacture is the most effeetiarg to save
business as well environment. So In Bangladeshhweld start practicing it from today.

4. Resear ch findings and future directions

The findings of this research are summarized below.

The problems are-
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i) Lack of knowledge about re-manufacturing

i) Inventory Management in manufacturing-remamutifiring system simultaneously.
iii) Technological limitations.

iv) Fear about the impact of implementing newtsgg in their existing system.

v) Lack of concern about environmental effects.

Though it is not realistic to suggest the solutidrthese problems without more thorough researehswnmarize
some recommendations here from our point of view.

- As the main problem is our lack of knowledge, wedt take it to the concern of our industry auttiesi
and motivate to take hybrid manufacturing stratégytheir system. Motivation will be in terms of
feasibility study of taking new strategy, what witke impact of turnover and so on.

- Managing inventory in hybrid manufacturing is aydifficult task. So, there should be a careful @em
about it. It is needed to reconfigure the inventomanagement system with re-manufacturing, de-
manufacturing and recycling facilities.

- Also Gaining value is very important one. So cdrefansiderations should be needed about value
regaining before considering a product to be reufastured.

The authors will continue this research in futund aelow could be the dimensions.

a) |If thecompany already practices re-manufacturing in their system: In this case our concern will be the
following areas, i) The background for taking thisategy ii) How are they implementing iii) How niuc
the impact on the profitability iv) Areas for impement.

b) If the company does not practice re-manufacturing in their system: In this case we will concentrate on
the following issues, i) Feasibility study for tali re-manufacturing ii) Identify the products to e
manufactured iii) Calculate the impact on turnavgiSuggest Implementation techniques.

Also, we have the opportunity to do research in #rea of inventory management in a manufacturing-
remanufacturing hybrid system. There are many probl managing inventory in such hybrid system. So
investigating the problems we need to build a matiecal model addressing the problems. There arsyma
mathematical models we have in the area of marnufag but we need to develop a model that combines
manufacturing and remanufacturing systems in aleingodel. When to combine re-manufacturing with

manufacturing some uncertainties are to be addies€ene of the major challenges in managing sudbritly
systems is the stochastic nature of product ret{ishén particular, there is significant varialliin the condition of
the returned products. In a traditional manufaoyenvironment, the exact parts requirements aogvkrfor each
unit to be assembled. For remanufacturing, howeternew parts requirements are not known becaeeged
core products are the primary source of supplypfts. The number of usable parts from cores, unfately, is
not usually known until after the core is disasskembinspected, and tested. So, this research hasyagood
opportunity to get significant outcome in futuresearch. We will continue this research towardssthewn path
above and hope, we will be able to present sigaitioutcomes to the readers in future.

5. Conclusion

Product returns are increasingly a concern to imgudt present, only a very small percentage efthlue is being
recovered. Many firms still view product recovegtigities as a nuisance and this prevents them freecognizing
potential value creation activities. Remanufactyipmovides the customer with an opportunity to &ega product
that meets the original product standards at afgwiee than a new product [3]. Recoverable mariufat

systems minimize the environmental impact of induby reusing materials, reducing energy use, addcing the
need to landfill industrial products. These systeares widespread in the world and are profitableadidition to
contributing to sustainable development. In Bangshdthere is a very good prospect for remanufagjutf we can
implement re-manufacturing in our system it willeet greatly in turnover of our manufacturing intties.
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