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ABSTRACT

Cleaner Production is gaining emphasis in bothwibdd and Brazilian production sectors.
Nature’s ending capability of absorbing and regetmeg waste, stricter legislation regarding
pollution emitters, and the market competitivenassociated with environmental and social
responsibility are leading to actions for reduceryironmental impacts. This paper reviews
the concepts and presents three study cases irhviwic are in a large manufacturing
automobile industry, and one in a small manufasgucompany of medical supplies, with
their suppliers promoting the change in the wayytleliver their products, by either
eliminating or reusing large volume of cardboarthspc and wood packaging. For the
environmental evaluation analysis the methodoldgWaterial Intensity Factomwas applied.
The benefits of Cleaner Productionimplementation were evaluated by confronting
environmental and financial assessment. Resultsesththat the companies reached financial,
spatial and productivity gains. The important fdat paper reveals is the existence of a still
fuzzy, yet incremental and growing movement witthie companies, in order to reduce or
eliminate either products or activities’ which dot mggregate values to the product, damage
the environment or spoil the company’s image towahg market.

Key words: improvement in productivity, waste dispoddaterial Intensity Factor

RESUMO

A Produgcdo Mais Limpaganha énfase nos setores produtivos, mundial gldra. O
esgotamento da capacidade do meio ambiente devabsoregenerar residuos, a legislacao
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mais rigida sobre os emissores de residuos e aetitiidade do mercado associada a
responsabilidade socioambiental provocam preoc@saedacdes para reduzir a agressao a
natureza. Este artigo revé conceitos e apres@&dastudos de caso, em que dois sdo em uma
grande montadora de veiculos, e um em uma pequepeega de equipamentos meédicos,
com seus fornecedores promovendo mudanca na fareatcega de produtos, eliminando ou
reusando volumosa quantidade de embalagens deipapéstico e madeira. Para a analise
da avaliagdo ambiental, a metodologiaF@¢or de Intensidade de Materi&bi utilizada. Os
beneficios da implementacdo @aoducdo Mais Limpaforam avaliados confrontando as
medidas ambientais e financeiras. Os resultadodranasy que as empresas obtiveram
ganhos financeiros, de espaco e de produtividadatddimportante que o artigo revela € a
existéncia de um movimento ainda difuso, mas crgece incremental entre as empresas,
para reduzir ou eliminar produtos e atividadesmfieagregam valores, agridem o ambiente e
desgastam as imagens das empresas frente ao mercado

Palavras-chave melhoria de produtividade, eliminacdo de residkasor de Intensidade de

Material.

1. Introduction

The increasing number of consumers as a resulpptfilption growth and global economic
policy, regulated by the market and by aggressw@petition, reduced nature's ability to
handle waste to its maximum limit. This incentiwe €Eonsumption promoted by competitors
for the sale of their products makes use of poweclmmmunication and persuasion
instruments, and facilitates credit triggering &rgonsumption of products. Excessive
comsumption leads to the continuous disposal odl pseducts due to their replacement with
more innovative ones. This production-consumpti@paisal cycle usually result in excessive
use of natural misuse of raw material, energy aatemwsupplies, as well as the soucers to
absorb pollutants and to promote waste degradation.

The disproportionate variations between populatgrowth and the needs for natural
resources may result in environmental degradafi@blé 1). In the case of paper use, as
population and consumption increased it also irsgeéathe production and use of paper
leading to the destruction of native forests arahfhg of artificial wood forests in order to
obtain wood for cellulose paste and later papet el produced. This disrupture of the
environmental balance often leads to contaminatddnsprings and desertification of

agricultural (Giannetti and Almeida, 2006).

Table 1: Evolution of world and Brazilian population and paper and packaging production from 1950
until 2000.
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1950 2000 Expansion Factor

Year

World population (billions) 2.5 6.0 24
Brazilian population (millions) 51 170 3.3
Paper production (x1000 tons) 248 6,589 * 26.5
Package production (x10Q@ns) 112 2,709 * 24.1

SourcelBGE (1999) and (*) BNDES (1999)

Sustainability requires that industrial output bihm the source and sink capacities of the
environment (Daly, 1990). Previous studies havevshimat externalities create a subsidy for
the externalizing industry but at a cost to thoseeiving the externality that can lead to
income distribution disparities, poverty and a lagspublic welfare (Templet, 1995). In
addition, industries that create large impact indpicing goods are inefficient, resource
intensive, wasteful (Templet, 1990; 2001), andlikedy to suffer a competitive disadvantage
(Porter and Van Der Linde, 1995) because theiruresosupply and waste costs per unit of
goods are higher than those of more efficient pcedsi Mining industry is an example, as
well as jewelery manufacture (Giannetti et al., @0&nd wood and paper production.
Most of excess of lost and waste in packaging s tulack of planning and management.
According to Ching (2006), supply chain managemsnan integrated way to plan and
control the flow of merchandise, information andaerces from vendors to the final client,
seeking to administer relations in the logisticaiohin a cooperative manner and on behalf of
all those involvedOhno’s lean concept (Lean Production, LP) indeat@ys of producing
more using less input (Womack, 2004), and it hasnbesed in manufacturing strategies
(Womack et al., 1992; Monden, 1997; Simpson andd?Pp005). This concept was stepwise
modified into the Cleaner Production and appliethotustrial processes (Rothemberg, 2003;
Bicheno, 2004; Vais et al., 2006). The importandematerial delivery by suppliers is
underscored by Womack et al. (1992) who consideesdifference to be in the way these
components are delivered to an automotive industry.
The old concept of productivity did not take intocaunt environmental losses from a
production system. The productivity of a productisystem (a company, a sector of the
economy, or even a nation) has been defined astioeof what was produced and the inputs
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used for such over an interval of time (Moreira91p Environmental loss is considered

amongst the inputs. This concept, which is in gestaf evolution, begins to be introduced in
the industrial process of productivity assessmdiite first sign of this change is the
conception of “carbon credit”. Companies with LPrmagement need to receive and deliver
components and products at the right time and justin-time regime (JIT). According to
Taylor (2005), the JIT supply program aims at atiating excess of stock in the production
process, and coordinating the movement of matefnahs each workstation in a way that they
arrive at the precise moment needed to begin apaesatUnder this scenario, productivity is
seen as being the ratio of what is produced andwuoad resources over a specific period of
time, and provides the means to reduce priceseaser profits, have safety at work and
increases salaries (Martins and Laugeni, 2002).

According to Bowersox (2006) the Returnable Comn(RC) are most appropriate for
integrated environments where there is reasonabigrad between shippers and clients. The
automobile industry makes extensive use of rackisraturnable packaging between the part
supplier and their assembly lines. The decisiomt@st in a returnable packaging system
involves explicit considerations about the numbiesldpping cycles. Return transportation
costsversus purchase and disposal costs are what guide thisiakeclt is important to
underscore that relationship management with tha Bupplier should encourage supplier
associations where the manufacturer’s top managegaginers to share new findings on how
to improve part production or new ways to perfohm task (Womack et al., 1992).

In this research we looked upon the possibilityreducing waste in packaging based on
Cleaner Production (CP) principles, in two prodoictprocesses, , for improving the company
productivity. The studied principle was to maketé&etise of time through the elimination of
the need to pack and unpack products. The presesy simed to improve the process of
wooden, cardboard and plastic packaging using tenland Clean Production concepts in
two distinct scenarios: a large automobile manuif@ng (case study 1), and a small medical
supplies industry (case study 2). The relevancthisf study relies in the fact that specific
concern with the environment seems to be the next between the diverse production
management methodologies, such as Total QualitytrGlo(TQC) and Lean Production,

which are expanded with the Cleaner Production episc
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In order to evaluate environmental gains as a cueee of Clean Production program

2. Metodology

implementation, the material evaluation tools waed) as suggested by Rithooff et al.
(2008). This method developed by the Wuppertalititst in Germany, evaluates the
environmental disturbance associated with extractad resources from their natural
ecosystems. In this way, in order to supply a fl@wnatter as an input to a chosen system, a
larger amount is previously processed in variousrenmental partitions, which is classified
as: abiotic, biotic, water and air. The total amtooh matter from each partition that is
processed on the global scale to provide a givetenmhis named as Material Intensity
Factors (MIF, g/unit). To determine the total MtRe mass input (expressed in proper units)
iIs multiplied by the individual mass intensity fat, which corresponds to the amount of
matter that was needed to produce and deliver aiteotiinput. The MIF values used in the
present work are listed in Table 2. In the presase, only benefits due to cleaner production
implementation were evaluated. The calculation udek only benefits related to mass
savings. In order to compare to financial benefitg, financial savings were considered in

each company.

Table 2: Material intensity factors of materials ugd in the present work (Wuppertal Institute, 2008).

Material Intensities factors

Abiotic matter  Biotic matter Water Air
Wood/(g/gf  0.86 5.51 10.0 0.129
Paper/(g/)  1.86 0.75 93.6 0.325
Plastic/(g/g)  3.01 167.6 1.840

2 Pine Wood, Germany data
® Corrugated cadboard paper, European data
¢ Polyethylene foil, European data

2.1. Description of the companies and the studiedqcesses

2.1.1. Case study 1A large automobile manufacturing located in Saal® state, Brazil,

with nearly 12 thousand workers.
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Ecological awareness is always present in the cagppaligned to a culture of continuous

improvement and leadership in technological inniovatvere fundamental elements for the
company's participation in the Brazilian Cleanerodction Information System
(INFOREDE) project, carried out in partnership witire Centro Nacional de Tecnologia
Limpa (CNTL), SENAI-RS/UNIDO/UNEP. The company hagopted a Cleaner Production
program in partnership with Senai since 2006. Thejept consists of the continuous
application of environmental strategy that permds reduction in natural resource
consumption, waste generation and improvementdngdtrial processes. The phases of this
project involve obtaining managerial commitmengrnitifying barriers to implementation and
the search for solutions, establishing the rangehef CP Program at the company and
“organization of the Ecoteam (multifunctional grs)ip(Nevens et al. , 2008), comprised of
company professionals who have the objective ofluaoting CP programs.

The Cleaner Production Project Implementation Phase:

a) To study the production process flowchart, carryig the environmental and process
diagnosis, and selecting the evaluation focus peknsiualization and definition of the
qualitative flow of raw materials, water and energy the production process, and
visualization of waste generation during the prec@dis acts like a tool to obtain necessary
data to elaborate a strategy to minimize wastduesft and emission generation. After
developing the company’s production process flowtgchine Ecoteam will raise existing
guantitative data for production and the environméfith the environmental diagnosis
information in hand, as well as the spreadsheethi®main environmental aspects, the job’s
focus is selected from among company activities@etations. This information is analyzed
taking into account legal regulations, quantitygeherated waste, waste toxicity and involved

costs.

b) The elaboration of material balance and estamient of indicators by raising more

detailed quantitative data in the process phasesip@ qualitative comparison between

existing data, before implementing the Cleaner &ctbdn program, and data from the

program.

e Raw Materials— the use of lower cost raw materials; being betpvality standards;
without quality specifications; supply deficienci@sappropriate purchasing management

system, and inappropriate storage.
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Products— inappropriate proportion between waste and prsgumpractical product
design, inappropriate packaging; product made ofgdeous raw materials; product is
difficult to assemble and recycle; shortage of tgdor investment in technological and
process changes; excessive focus on profit; no ecoandor waste and emission
generations, and low working capital.
Waste-related causesno separation of waste; no consideration forpibtential to reuse
certain wastes; no recovery of energy in waste ymts and emissions and inappropriate
handling.
Human resources- unskilled human resources; lack of occupatiosefiety; quality
demands — nonexistent or inappropriate training;rkwonder pressure; growing
dependence on temporary and outsourced labor.
Commercial vendors/partners- purchases of raw materials from vendors without
standardization; lack of exchange with commercaatners and only looking for profits in
negotiations; no concern for the final product.
Know-how/process- poor use of process parameters and use of odtdatecess

technologies.

c) ldentification of Cleaner Production options:

Modification in the process,jnvolves process modification strategies. Process
understood as the entire production system in dingpany.

Good operating practice®perational care or good housekeeping, impliesattoption of
procedure, technical, administrative or instituéibmeasures a company can implement to
minimize waste, effluents and emissions. Good djerapractices are frequently
implemented with a low cost.

Replacemendf raw materials and auxiliary materials.

Internal Recyclingefers to every recovery process for raw matereliliary materials

and inputs made inside the industrial plant.

d) Technical, economic and environmental evaluation

In the technical evaluatignthe impact of the proposed measure on the prpcess

productivity, safety, etc.
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* In the environmental evaluatiothe quantity of waste, effluents and emissions$ Wik

be reduced, the quality of waste, effluents andssions that have been eliminated and the
reduction in the natural resource use.

« In the economic evaluatiotthe investments needed, existing operating costspeocess
revenues and projected operating costs and revéramesactions to be implemented and

company savings with the reduction/eliminationinés.

e) Implementation and monitoring plan

Implementation of detailed technical specificatioappropriate plan to reduce installation
time, expenditures to avoid exceeding the projebtedtyet, careful installation of equipment,
appropriate control of installation and preparatanthe team and installation to start up
operations.

Monitoring of the procedures to be implemented; nvispecific activities are expected to
occur; who is responsible for these activities; wiaee results expected; when and for how
long to monitor changes; when to evaluate progredgen should financial resources be
ensured; when should management make a decisian thle option should be implemented;

how long the test period should last and whenadrtiplementation conclusion date.

f) Continuity plan

After the Cleaner Production Program is considengalemented it is important to not only
evaluate obtained results, but most of all, totereanditions for the Program to have ensured
continuity through the application of work methoalgy and the establishment of tools that
permit maintaining the recognized culture, as wadl its evolution, together with the
company’s future activities.

This case study was divided in two parts: first these of pallets was investigates, and then

the reduction of the use of plastic in packaginthefbus exhaust system was studied.

a. Reuse of pallets

The used pallets were made of hard raw wood, ebpnvvéo 415 ton, and they were used to
separate in storage pieces of automobile duringnidseufacturing process. Those pallets were
redesigned to be used in export of the compangdumt. In order to make it feasible to reuse
the wood, a specialized company was found to atteptpallets received at import, into

56



- Associacao Brasileira de Engenharia de Produ¢doABEPRO
f__- :.'

Revista Prgdugcao Universidade Federal de Santa Catarina - UFSC
L

www.producaoonline.org.br
"""" ISSN 1676 - 1901 / Vol. X/ Num.l/ 2010

pallets to be used to export products. Significemtork was necessary to adapt these pallets,

such as: cutting of dents and edges; reverse baartie base; clean the wood by removing
nails and staples; phytosanitary treatment (chdnpicaduct NINF 15); complementing the
pallet; and handling and storage of materials.

b. Reduction of plastic and cardboard use in packagg

Current production was about 8000 bus chassis ear, \Wistributed over seven different

models. Each vehicle uses an exhaust system (Fiuesxd depending on the model can
range between 5 and 12 meters in length. Annuawuaption need was 60,000 parts, divided
into 33 different kits that comprise seven basiadets of the exhaust system. On average,
five parts were used per assembly. The exhaustrayst comprised of components with a
high probability of damage at finishing becauseytrexeive a high temperature “cure” paint

job which was only performed after the vehicle heen fully assembled and effective use
began. These components were manufactured by €ipplisrs, certified as “guaranteed

quality suppliers” which deliver raw materials ditlg to storerooms and/or production lines

with inspection upon receiving.

m)ao:obo?;or_\g i — -

Figure 1. Example of bus exhaust system

In order to avoid damage to components during prartation or handling, the vendors pack
the parts individually in plastic blister and/ordlaoard, generating a large volume of waste.
There is no single individual protection standanad vendors deliver the pieces in lots of 40
buckets of various sizes. The area used to recoek and prepare the items for sending
them to the assembly line measured 160 m

At this site, one employee per shift, or two empley per day, worked to receive, organize
and stock the parts. After receiving the daily prettbn schedule, the items were located,
unpacked and the waste was disposed in the apat®padcation. The parts were placed in
carts and transported to the assembly station. Apgavered forklift and manual forklifts

were used in this process.
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2.1.2. Case study 2A small medical supplies industry that producegdipments for use in

hemodialysis with 50 workers.

This company had a peculiar characteristic whiehrtfain concern was to supply basic needs,
with the limitation of employees and centralizatmistrategic decisions with the owner. The
production occurred according to specific demand#hout planning or using significant
financial investments, which aim at corporate otiyes for competitiveness and
sustainability, such as implementation of cleanevdpction. The demand for process
improvements and increase in productive capacityrectly brought beneficial financial,

process and environmental management results.

2.2. Calculation of the environmental gain (EG)

In both studied companies previous modificationsewearried out in order to reduce
environmental impact through reducing waste. The peocess adopted by them; however,
did not include the calculation of the environmégin in using it.

Both companies informed the total of mass mat€N®) which was saved in the modified
process. Using the MIF values (Table 2) the tat@irenmental gain (EG), which is related to
the impact that was not used in nature by saviegpttoducts, involved in both cases was
calculated such as:

EG = MM * MIF Eq. 1

3. Results and discussion

CP implementation is limited in this study to thieggplications considered incremental. The

first two refer to application at a large autometimdustry in Brazil, and the other to a small

Brazilian company that manufactures medical prasluBoth seek to reduce or eliminate

waste at the source. The companies’ vendors dehear products with excess packaging due
to the difficulty in devices to allocate parts ar@mmponents in custom-made packages, or to

promote a study in dimensions and format to orgathe products in boxes.

3.1. Case study 1

a. Reuse of wooden pallets
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With implementation of the Cleaner Production Pamgr multifunctional groups were formed

(ecoteams), and by studying the environmental disignrand production process flowchart, it
was possible to identify the potential for gaingthvthe optimization of pallets in the import
and export process.

In this project, we studied the annual receivingnerly 45,000 wooden pallets, weighing
1,700 tons. These packages were used to protedrtedpparts and components used in
vehicle manufacturing. Of this total, 25% (425 tafisvood) was thrown out at a cost of R$
50,000.00 (US$ 23,255.00 in 2006).

Results show that during 2007, the company’s woogmetlets use was reduced,
corresponding to 8.684 trees (Table 3). In changdivg waste management the company
showed more efficiency in the waste managemengeagy with Templet (1990 and 2001),
and meeting the concepts of Clean Production. iveanmental gain led to a competitve
advantage for the company, as demonstrated byrRordeVan Der Linde (1995).

Table 3: Reuse of wooden palletsin the case study 1

Environmental Result Financial Result in R$ thousad
Number Wood Minimization Lo Handlin
of pallets recgi(\)/ed Wood . Wood of natural Saving in Rework and o Loss from Potential of
received rggzg)d dlsggzg;i of resources (in pu‘:?tljgtses costs stocking disn;;)g]sal saving
(tons) tree) cost
2006 4,700 175 159 16 3,792 430 150 30 3 247
2007 12,600 470 415 55 8,684 990 350 52 5 583
2008 12,000 448 386 62 9,868 1120 400 60 6 654
2009 13,000 485 418 67 10,747 1220 440 65 7 708

Obs: 2008 and 2009 are estimated based on puation volume

b. Reduction of the use of plastic and cardboard @sin packaging

This project made possible to identify the potdnt@ gains with the development of
environmentally appropriate packaging, and changimg supply model for items that
comprise the bus exhaust system. Results shovetivatbnmental gains s were equivalent to
2,300 kgl/year reduction in waste at the sourcedfsard: 380 kg and plastic 1920 kg),

reduction in part acquisition costs, improved pidguality, optimization of the physical
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space, reduced from 108rto 50nf for a gain of R$ 31.200,00 (US$ 14,512.00) permyea

increased productivity, reduction in stock, orgatizn and cleanness and improved

occupational safety.

In order to achieve these objectives, the followstigps were carried out: to testing the
efficiency of new packages; to negotiate the dgualent cost of packages with suppliers; to
agree to sequenced supply with suppliers; to maksigal arrangements to permit sequenced
supply; to create a systematic to control receiand return packages/kits; and to train and
make employees awareness.

According to Bowersox (2006) supply chains implylthcompany relationship management
inserted in a structure characterized by capaditytdtions, information, essential skills,
capital and restriction of human resources. A styato operationally connect a company to
its clients, as well as to distribution supportwatks and vendors is a means to gain
competitive advantage through integration from alequisition of raw materials to product
delivery to the client. CP enriches the supply sHalarrison and Hoek, 2003) and the chain
management is due to the alignment of skills bgibtneam and downstream of partners to
deliver greater value to the final client, with anmmum cost for the entire chain (Ching,
2006).

Working with sequenced supply requires supplier® wineet objectives proposed by the
receiver. By introducing the designed devices, gphgposed changes eliminate packaging
waste at both companies, and at the large one,dbregition part uniformity for assembling
buses.

The next step for improving production was to cleasgpply that currently came in lots to
sequenced supply (JIS). These proposals were adjugith CP since they reduce space,
movement and work without value; and they also cedenergy consumption, the need to
build and maintain equipment and the need for mlayspace. According to Taylor (2005) it
is imperative for the company to work in a JIT magi so vendors can transform large
shipments of materials in lots that are sent t@ix@eg centers into just-in-time shipments
arriving directly from the factory. This managemet@mands optimization of the order-
delivery-payment cycle and clearly demonstrates asic flows can be simplified.It is
important to emphasize that there is no gain irucedy packaging that has a negative
intervention on the environment for condensed, Enahd more frequent deliveries, because

it be harming the environment in greater intensitye to the burning of fuels and greater

60



- Associacao Brasileira de Engenharia de Produ¢doABEPRO
f__- :.'

Revista Prgdugcao Universidade Federal de Santa Catarina - UFSC
L

www.producaoonline.org.br
"""" ISSN 1676 - 1901 / Vol. X/ Num.l/ 2010

carbon dioxide (Cg emissions into the air. A closer relationshiphasuppliers can shorten

distances and take better advantage of truck spatsdiveries.

Ching (2006) indicates that a different focus ortemal flow (continuous flow) provides an
efficient response to clients. This method begarT@tota with the JIT concept and is
commonly called the “Pull” method. Harrison and K¢2003) calls this movement agile and
lean, and it reinforces demands on total investad,tdefined as the time it takes from the
moment the client places an order for a producthéomoment it is delivered. Total invested
time needs to be minimized to permit agility sirttamand is volatile and hard to predict.
Therefore, besides favoring the environment, packageductions also led to improvements
in the supply chain. These gains made it possiblehtinge lot supply to sequenced supply,
which made the flow more agile. The implementatba device to make bus assembly items
uniform, and in the case of improved packaging disiens for roll size at the small
company, made the flow more agile, leaner and implged by the client.

The positive reflexes seen in the supply chain owed production, making it leaner, and
therefore more economical and sustainable. Workersonger needed to unpack supplied
parts and separated produced waste due to theofabk&tter dimensioning of the supplied
product, and it enabled process automation, ingrggsroductivity by reducing production
time. According to Towill (1996), an effective redion in invested time always leads to
significant improvements in financial results andmafacturing and productivity costs.

Social responsibility is an important ingredient@®. It appears in the cited examples and
finds theoretical support in several authors. Fedea (1996) reports on the organization of
work as a key factor for quality of life at work I(&/), which depends on innovations,
methods and processes in the work environmentfévatr work groups with a variety of
work tasks and rhythms. As cited by Limong-Frar@0@), quality of life at work is a set of
actions that involve diagnoses and the implemematf managerial, technological and
structural improvements and innovations both insidé outside the work environment aimed
at providing optimal conditions for human developmthroughout work life. According to
Fernandes (1996), the conditions that improve vaor#t bring satisfaction to employees are
environmental and physical (cleanliness, orderinesfety and healthfulness) at the sites
where the workers perform their functions.

Therefore, along with the awareness to implement [€Rs also necessary to improve

workplace organization and offer good work conaiido employees. This aspect was taken
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into consideration in the case under study invguime elimination of waste from packaging.

Devices were introduced called returnable contaifarfilling parts.

3.2. Case study 2.

Based on the CP concept, we call attention tortige@mentation example applied at a small
national industry, a manufacturer of medical praddaor use in hemodialysis processes.

The company had forty-five employees including adstrative and productive areas. It has
an LP structure and ISO 9001 quality system cedtifon with reduced production areas. It
works with a manufacturing cell system, trained amdltifunctional employees and small
production lots.

Raw material and in-process material stock areasg westricted and vertical, which makes
in-process material flow and storage between phas®e difficult. Plastic waste resulting
from the production process was disposed of in comrgarbage, contributing towards
pollution of the environment. The company had apotion line with fifty types of products,
all with their basic plastic composition, usingxilde PVC tubes as their main raw material.
It is supplied in rolls, packed in plastic bags grldced in a final undulated cardboard
package (Figure 2). Figure 3 shows the result ef cthanges and the waste from excess

packaging in the previous system.

Figure 2: Internal view Figure 3: Final optimized box next
after reduction in to excess packaging

Implementation of the cleaner production procesgrged from the operational need and
shaped a link to CP. The process was carried oanbyperator who would unwind the PVC
tube and introduce it into a cutting device thdivated a pneumatic knife. This activity was

unproductive, generated employee’s stress, andnmescases led to occupational illness,
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resulting from repetitive tasks. The adopted sofutwas to design and manufacture

automated cutting equipment, adjusting it to praiduc quality and human capacity needs.
No thought was given to reducing raw material wast® the environmental impact caused
by it. During the new equipment testing phase, i®&eoved that due to the automation’s high
speed, it rapidly consumed a 100-meter roll of {ife the industry choosed to increase roll
size to 300 meters. Besides reducing machine fgedimd set-up cycles, this decision
unexpectedly provided a reduction in packaging tspised in the previous configuration,
that is, before a box of tube contained three 1@@mrolls, with each roll packed in a
polyethylene bag.

There were two undulated cardboard dividers betvierthree rolls in the package, and the
entire set was wrapped in a fourth bag and placeal final cardboard box. Altogether, this
resulted in four polyethylene bags, two dividerd arcardboard box. In order to adjust to this
new supply, the existing excesses were elimindtegli(e 3).

After the process change the results obtained,dbasethe first semester or 2007 were
analyzed and compared before implementation (Tébland after Cleaner Production (Table
5). It was found that reductions in cardboard dsspp@dded 427 kg, representing a value of
R$ 2,328.05 (US$ 1,082.50). The most significamluotion was in the polyethylene bag,
which was one of the largest pollutants in thisdgtut represented a disposal reduction of
256.35 kg and R$2,025.19 (US$ 942.00). Altogettimre was a total savings in packaging
expenses of R$4,353.19 (US$ 2,025.00) in the semeasipresenting 68.25% in packaging
cost. Tables 4 and 5 allow the comparison of thigason prior to implementation of the

project and afterwards.

Table 4: Financial and environmental results at thesmall company - situation "before" CP.

Consumption of Weight of Weight of cardboard Weight of Cost of

Quantity of Cost of box

tubes in meters cardboard divider polyethylene bags polyethylene
cardboard boxes dividers (R$)
/ month box (kg) (kg x 2 pgs) (kg x 4 pgs) bags (R$)

JAN/2007 96,900 323 326.2 80.7 439.28 96.90 765.51
FEB/2007 55,421 185 186.8 46.2 251.60 55.50 438.45
MAR/2007 63,600 212 214.1 53.0 288.32 63.60 502.44
APR/2007 58,500 195 196.9 48.7 265.20 58.50 462.15
MAY/2007 101,100 337 340.4 84.2 458.32 101.10 798.69
JUN/2007 84,900 283 285.8 70.7 388.69 84.90 670.71
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JUL/2007 52,200 174 175.7 43.5 236.64 52.20 412.38
1,725.9
TOTAL 512,621 meters 1,709 boxes 427.0 kg R$ 2,328.05 512.70 kg R$ 4,050.33
kg

The case study showed that it is possible to sggmifly improve other areas that go beyond
the manufacturing process. The manager’s visiont gaoseyond what has been obtained.
Continuous improvement must be applied first of @il behalf of the environment. Raw
material and process alternatives must be explored.

CP can be considered an extension of LP, when ¢eel mo take into account a material
project and disposal of products at the end of dyele is included. However, a series of
aspects are conceptually common to both managepreoésses, as considered by Taiichi
Ohno, the Toyota chief engineer considered thentoreof LP, who proved to be a fierce
critic of any sort of waste. He listed seven wasted conducted detailed studies in order to
create correction mechanisms. The seven wastesstofisl —overproduction; 2 —waiting for
the next processing step; 3 — unnecessary traasiportof materials; 4 — inappropriate
processing; 5 — stocks above absolute limit; 6 reaassary movement of employees during

the course of work and 7 — production of defecfiaés.

Table 5: Financial and environmental results at thesmall company - situation "before" CP.

Weight of Weight of

Consumption of Quantity of Weight of Cost of
cardboard Cost of box polyethylene
tubes in meters cardboard cardboard polyethylene
divider dividers (R$) bags (kg x 2
/ month boxes box (kg) bags (R$)
(kg x 2 pgs) pgs)
JAN/2007 96,900 323 326.2 0 0 48.45 382.75
FEB/2007 55,421 185 186.8 0 0 27.75 219.23
MAR/2007 63,600 212 214.1 0 0 31.80 251.22
APR/2007 58,500 195 196.9 0 0 29.25 231.08
MAY/2007 101,100 337 340.4 0 0 50.55 399.35
JUN/2007 84,900 283 285.8 0 0 42.45 335.36
JUL/2007 52,200 174 175.7 0 0 26.10 206.19
TOTAL 512,621 meter 1,709 boxe 1725.9 ke 0.0 ke R$ 0.0( 256.35 k¢ R$ 2,025.1

We see that “company efficiency, profitability andmpetitiveness” are part of the seven
wastes listed by Ohno for LP that must be avoidée. important novelty is the expansion of

the concept by explicitly stating “while protectitige environment, consumer and worker"
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(Giannetti and Almeida, 2006), indicating that c@njes that adopted LP principles in their

production system are much closer to carrying olgaer Production applications. The
Toyota production system example is known as Leaalition, and this concept spead to
the main competitors in world’'s market. Differembrh traditional industrial organizations
where interest was in economic feasibility and pabflity, LP’s proposal gained broad-based
scope by using content, values and principles afityutheories, logistics and the Balanced
Scorecard (BSC) (Kaplan and Norton, 1997).

Suppliers’ chain effectiveness; the adoption oft-jngime; stock reduction, resource
consumption; reduction of machine time, factoryaoleess and organization; protection and
valorization of the worker and his/her work; redpend to meet the consumer will;
establishment of improved relations among comparaes among the many LP fragments
present in practically every organized sector afdpction. Initiatives for implementing CP
are made easier when the company has a historyPofide. Innovations caused by good
management and actions towards LP may promotertbelkdge of competitive advantages
with waste reduction, productivity increases anel éissimilation of modern equipment and
technologies and control tools.

Bicheno (2004) emphasizéise toolbox for lean production, which has beenliagpn the
project and can be summarized such as the use dbltbwing conceptskKaizen(continuous
incremental improvement through low-cost optimiaasi, Vais et al. (2006%S (a shop floor
exercise in order to create order by sorting, dgiiyipg, sweeping, standardizing and
sustaining. Vais et al., 2006; Thrane et al., 2008®}al Productive Maintenanc@o ensure
that every machine in a production line is alwalgke ao perform its required tasks so that
production is not interrupted{elular Manufacturing(layout of machinery of different types
to perform operations in a tight sequence to mim@ntransport and waiting timejust —in-
time Production(the ultimate goal for optimizing the value chail®ix Sigma(process
improvement through minimization of variances, Veisal., 2006) 3R (reuse and recycle to
become Lean and Greefptal Quality Managemertvith the focus on processes that lead to
improvements in quality of product, environment aadcupational health and safety
practices); andlean Enterprise Supplier Netwof&nvironmentally sustainable (green) supply
chain management, Hoek and Erasmus, 2000).

In a broad sense LP implementation costs are matyal affordable for the small company,

except, when in partnership with a large compamyweéler, even without a history of LP,
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small and large companies can initiate incremeaal localized CP programs, without the

need for large financial investments. In the largmpany, improvements began in the supply
chain. Parts began to be delivered in a sort ahekline device, eliminating the need for
individual packaging, and wooden crates that refsoih imports were converted into pallets
prepared for exports. This permitted an improveatpct flow plan and adoption of just-in-
sequence (JIS) focused on the Pull strategy, wimiehns the product is pulled by the client
rather than supplied in lots, without componenfamiity. At the medical material company,
after eliminating unnecessary packaging disposed obmmon garbage, a request was made
for the vendor to deliver material in 300-metedgaf PVC pipe, rather than the 100-meter
rolls. The 300-meter rolls occupy the entire ingrtimension of the box, eliminating excess
packaging. This change in roll size brought improeats in the pipe cutting process by
reducing setups, and what used to be a manualggdszame automateds a consequence,
there was an improvement in product flow, promopngduction in small and sequenced lots.
The theoretical basis that supports this affirnmateoshown below. For such, different factors

that intervene in the flow will be addressed.

3.3. General MIF evaluation

Relatively small quantities of materials saved witlthe companies (wood within the
automotive company and cardboard and plastic withensmall one) led to preservation on a
global level (Tables 6 and 7). In the case of thm@motive company, savings of 415 ton of
wood from pallets resulted in approximately 2287 od matter at the biotic level, as well as
4150 ton at the water compartment. In a similar vihg small company presents savings of
427 kg of cardboard and 256 kg of polyethylene padsch represents approximately 1,566
kg matter in abiotic and 82,932 kg in water compartts (Ritthooff et al., 2008).

Table 6: Material savings due to pallet reuse in th large company during the 2007 year.

Material savings/(kg/year)

Abiotic matter Biotic matter Water Air

Wood 356,900 2,286,650 4,150,000 53,535

®Wood savings was considered as being 415 ton aswh in Table 7.
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Table 7: Material savings in the small company dug¢o elimination of excess packaging during the first
half of 2007.

Material savings/(kg/6 months)

Abiotic matter Biotic matter Water Air
Paper 794.2 320.3 39,967.2 138.8
Plastic 771.6 42.964.3 471.7

Considering the financial benefits during a yead0@ for the automotive company and
during a period of six months for the small medisapply company, the ratio (material
saved/money saved) was calculated. This ratio septe an indicator of mixed nature, since
it comprises a division between numbers derivednfra receiver-type metric (financial

resource) and a donor-type metric (MI). The ratwied depending on the situation. In this
way, each real (R$) saved within the automotive gamy represented a saving of 0.71 kg in
terms of wood, while the small company needed W& smly 0.16 kg of material (considered
as cardboard and polyethylene) in order to obteérsime benefit of 1 R$ (US$ 0.47).

When the evaluation was carried out in global terthe small company has a greater
economy in material resources (19.6 kg) for eaci saved with the cleaner production
intervention. The value of 19.6 kg was obtainedstiering the sum of mass from Table 7
divided by the money saved (R$4.353,20; US$ 2,@d5.0n the other hand, the large

company saved 11.7 kg of global material for eaeth saved.

4. Conclusions
Environmental management practices can be implesdent every phase of the production
cycle regardless of company size. It is possiblestablish goals to reduce waste generation
in a small company, which today is an importantt pdirthe overall production processes.
Companies should be structured to seek adjustnieriteeir processes, identifying existing
products that could be improved and production eyphases that could adjust to
environmentally acceptable criteria.
Cleaner Production concepts do not only apply te dompany's factory. Often, the
participation of suppliers is fundamental to obt#ie expected result. Globalization and
competitiveness have universal trends, leadingdoaan reaction so that somehow companies
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that produce have similar behavior in their proess#lany Brazilian industries have foreign

participation in their capital or are responsilde éxporting components or consumer goods,
and the acceptance on the global market enablesethgion of sustainable development
concepts.

There is much to be done to prevent ecosystemsadatpn and to recognize this need
already seems to be an important step within ptesennomic-financial context. It is
necessary to encourage programs directed towartg\eefficiency so Brazilian companies
adopt the dissemination of a new environmental emgss that preserves the environment
and provides economic advantages.

Environmental benefits could be assessed by usiogep methodology. This reducing waste
policy adopted by the large company was extendatstsuppliers and led to an important

reduction the environmental impact.
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