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Abstract

This paper aims at reporting a comparative analysis of lean implementation for productivity improvement
in five recycling centres that sort MSW in Brazil. Since their labour is composed by poor communities'
members, cultural and social characteristics represent an incremental challenge for lean implementation.
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INTRODUCTION

Solid waste management has been an integral part of every human society (Shekdar, 2009)
and is one of the most challenging issues in urban cities, which are facing serious pollutions
problems due to the generation of huge amount of solid waste (Kumar, et al., 2009). The
influence of improper management practices for municipal solid waste (MSW) has attracted the
attention of various entities, professionals and researchers in recent years (Mondelli et al., 2007;
Taylan et al., 2008; Parrot et al., 2009), since these can cause serious threats to the public health
and environment. MSW is the most complex solid waste stream, as opposed to more
homogeneous waste streams resulting from industrial or agricultural activities (Troschinetz and
Mihelcic, 2009). According to the Brazilian Institute for Geography and Statistics (IBGE, 2002),
Brazil produces about 125,281 tons of MSW per day, 30.5% of which are disposed off in
garbage dumps, 22.3% in controlled dumps and 47.1% in sanitary landfills. Although, the



selectiveness of garbage disposal has improved in recent years, 63.6% of Brazilian towns still
dispose off their solid waste in dumps.

Furthermore, Nunes et al. (2007) report on their study that the majority of recycling centres
in Brazil are badly administered by public authorities and their viability depend on continuity of
operation and reaching expected production volumes. According to Krook and Eklund (2010b)
there is a lack of affordable and accurate monitoring for providing the recycling centres with the
necessary facts for improving waste. Javied et al. (2014) also mention that, among several
critical success factors for improving efficiency at recycling centres, four main points are worth
noticing: (i) proper funding for MSW management system, (ii) awareness and training of
workers and people, (iii) increased pay of workers and related staff and (iv) proper production
practices for daily activities’ demand. Thus, as the trend towards recycling grows, so does the
need for increasing the effectiveness of recycling centres (Hemphala et al., 2010). One way of
doing this is to adapt ideas, theories, strategies, philosophies, and principles from the area of
operations management (Sundin et al., 2011), such as lean manufacturing (Liker, 2004), to
enhance the performance and efficiency of recycling centres.

Lean manufacturing is widely adopted and is claimed to increase productivity, decrease lead
time and costs and enhance quality, through a systematic reduction of waste (Womack and Jones,
1996). Nevertheless, it is important to distinguish the meaning of the word ‘waste’ in lean
manufacturing context, in which it refers to losses in productive systems such as overproduction,
waiting and transportation (Ohno, 1988); from its meaning in the environmental and recycling
context. Previous studies (Sundin et al., 2011; Krook and Eklund, 2010a and 2010b) have
presented initiatives to adapt such industrial production practices into recycling centres systems.

Thus, this paper aims at reporting a comparative analysis of value stream mapping
implementation for productivity improvement in solid waste recycling centres. The study is
carried out in five recycling centres that sort the MSW of Porto Alegre, one of the main cities in
the Southern region of Brazil. Besides the environmental benefits, such centres are managed by
community cooperatives and the more productive they are the higher income of their workers
will be. None of them has had previous experience with any of the lean manufacturing practices.
Therefore, they present a huge potential for productivity improvement in their production
systems. Further, since all of them present their labour composed by poor communities members,
cultural and social characteristics may be an incremental challenge for a lean implementation.

The contribution of this article is two-fold. First, it contributes to the existing body of
literature on solid waste management systems by integrating lean manufacturing practices into
the continuous improvement of recycling centres’ production systems. Second, the article
presents a complementary approach to a relatively recent research trend that comprises lean and
green practices (Diies et al., 2013) or lean manufacturing expertise and green operations systems
(Bergmiller and McCright, 2009), which is commonly called as ‘lean and green systems’.
Specific studies in this research area are still scarce (Hemphala et al., 2010), and this paper
enables a broader perspective about this subject.

BACKGROUND

The main principles that characterize LM (lean manufacturing) have been defined similarly
by different studies. Womack and Jones (1996), for example, define LM as a superior way to
manufacture products using fewer resources to generate greater value to customers. For Lewis
(2000), LM is an integrated set of activities designed to achieve high-volume production using



minimal inventories of raw materials, work-in-process, and finished goods. More recent studies
usually define lean as a management system formed by two levels of abstraction: principles and
practices (Hines et al., 2004; Shah and Ward, 2007; Pettersen, 2009). The principles represent
the ideals and laws of the system, such as encouraging employees’ participation in continuous
improvement activities, eliminating waste, producing according to the pull of the customer, and
continuous flow production (Marodin and Saurin, 2013; Liker, 2004). These practices
operationalize the principles and some of the most well-known are the use of kanbans, cellular
manufacturing, and value stream mapping (Shah and Ward, 2003; Pettersen, 2009; Rother and
Shook, 1999).

Many western companies unsuccessfully tried to import Japanese manufacturing techniques
to their production systems. However, existent socio-cultural factors involved in the change
process were neglected, which led to limited benefits (Longoni et al., 2013). Further, the
understanding of the company’s current context is fundamental for the appropriate LM
implementation (Pavnascar et al., 2003). According to contingency arguments, organizations
should use LM practices that are effective in their context (Anvari et al., 2011). Therefore, the
contingency approach assumes that it is the contextual variables that, in the long run, determine
the organizational responses in the LM implementation (Desai, 2011).

One of the most implemented lean practice is the Value Stream Mapping (VSM). The
purpose of VSM is to minimize waste that prevents a smooth, continuous flow of product and
information throughout a value stream (Jimmerson et al., 2005). A value stream displays the set
of activities involved in creating a product or providing a service, and their relative importance
(Braglia et al., 2006). However, practitioners should be aware of some important distinctions
between contexts when applying VSM (Shah and Ward, 2003). In addition to materials and
information flow, other types of flow may also be important to external and internal customers:
such as warranty service, quality information, and maintenance and revision procedures. While
manufacturing typically consists of linear flows of material and information, processes within
other contexts may flow in linear, parallel, or even reverse direction (Larson, 2013).

Generally, VSM is performed in the following manner: (i) select a product family, (ii) create
a current state map, (iii) create a future state map using lean practices, (iv) create an
implementation plan for the future state, and (v) implement the future state through structured
continuous improvement activities (Duggan, 2012; Rother and Shook, 1999). Further, VSM are
preferably created through gemba walks, in which a multifunctional team walks the value stream
in order to identify in-loco the processes steps and their characteristics and data, such as cycle
time, changeover time, number of operators, inventory amounts, etc. (Vindoh et al., 2011;
Bertolini et al., 2013).

METHOD

There are 7 steps to the research method adopted in this paper. The method aims at applying
VSM in five recycling centres in order to identify improvement opportunities for productivity
enhancement in each case, and assumes no previous knowledge on the tool.

In step 1 we propose an extensive data collection with emphasis to the type of organisation
targeted in the study. Such data enable the identification of current context of each one of the
recycling centres, in addition to common difficulties faced by those during their daily operational
tasks. Step 2 is carried out analysing products and services offered by each centre and their
production processes. The aim is to determine families of products/services, such that items in a



family present similar processing needs. Grouping of items in families will simplify the task in
Step 3. Another objective in Step 2 is to stratify total production mix in terms of percentage
participation of product/service families. The steps of the method to follow should be first
implemented for the product/service family with greatest impact on total demand.

In step 3 the improvement team will draw the current state map for each centre. As
mentioned above, such task will be initially carried out for the highest priority product/service
family. The current value stream is drawn starting from the downstream to upstream processes,
as follows: (i) shipping, (i) weighting, (iii) housing, (iv) pressing, (v) sorting, and (vi) supplying
of sorting. Such approach allows to walk the value stream from the customer (internal or
external) perspective, and enables the assessment of process operations with respect to waste,
supporting the improvement team on the task of determining how operations add value to
products (Vinodh et al., 2011), which is the core of Step 4. Clear identification of waste, either in
material or information flows, in the current state is vitally important to search for performance
improvement opportunities in the future state (Herrmann et al., 2008). One way to prioritize such
opportunities is measuring the impact of waste reduction on the average production lead time of
the product/service family under analysis (Duggan, 2012).

Step 5 consists of drawing the future state map for each studied recycling centre. Designing
the future state allows the clear definition of improvement opportunities that lead to waste
elimination, iterative improvement, and sustained benefits (Womack and Jones, 1996). Waste
elimination becomes easier when problems are identified using a team-based, systemic approach
rather than the narrow scope of an individual or isolated department (Miller et al., 2010).

Once reaching the process’ future state, several inferences on ways to improve value addition
are likely to be outlined based on practical experience. Further, this information allows
comparing the obtained results in order to highlight achievements and share best practices among
recycling centres. However, in the comparison carried out in step 6, it is worth noticing the
existent contextual factors in each case study, so the differences and limitations among them are
taken into account. Our proposed method closes with Step 7, in which lessons learned during the
value stream analysis and future developments are proposed. In addition, this is when the
organisations are ready to adopt yokoten, i.e. a process in which learning is shared throughout
the organisation by adapting best practices and improvement ideas to problems arising in other
areas or departments (Azevedo et al., 2012; Liker, 2004).

RESULTS

Solid waste collection in Porto Alegre involves 150 neighbourhoods, with a population of
more than 1.3 million. More than 60 tons of solid waste are collected per day and distributed to
eighteen recycling centres, in which only 18% of total solid waste generated in the city is
recycled. The collection and distribution of the solid waste are performed by DMLU
(Department of Urban Sanitation), while the recycling centres are managed by cooperatives,
whose members are mostly poor and not part of the mainstream economy. In these centres, the
solid waste is separated, appraised, stored, and commercialized. The profit remains with the
cooperatives, making it an important income source (about R$ 812/person/month) for more than
500 workers, who present an average monthly productivity of 1.9 ton per person (DMLU, 2013).
These recycling centres must be designed to minimize process lead time and maximize the
output rate. Another design parameter is sorting quality; it must be easy to discard the waste in



the correct waste fraction container. The importance of this is highlighted by Krook and Eklund
(2010a and 2010b).

The main data was collected through observations, questionnaires and interviews with
workers at the five recycling centres. This data collection was conducted during March and
December 2014 during different days of the week. Also, additional data was gathered at the
DMLU in order to complement initial information. There are many categories of MSW such as
food waste, rubbish, commercial waste, institutional waste, street sweeping waste, industrial
waste, construction and demolition waste, and sanitation waste. Plastic, paper, cans and dry
waste together comprise the largest amount of MSW (from 60 to 85% of total material) and, in
terms of revenue, these materials represent from 75 to 90% of total monthly income. Besides its
financial and productive significance, these materials present the same process flow, which
enables the characterization of a major product family. Thus, given its importance, this value
stream was selected to be mapped its current state in all recycling centres, considering both
information and materials flow.

In Step 3, the value stream’s current state was mapped and analyzed by the improvement
team. Participants brainstormed ideas and identified specific steps in the process that could be
eliminated (such that waste could be minimized) or consolidated (such that value could be
maximized). To complete the drawing of the current state map six 4-hour meetings were carried
out, in addition to several gemba walks in the recycling centres’ shop floor to visualize the
processes in loco. Table 1 depicts the current state characteristics of the five studied RCs,
displaying information emerged from the current state map analysis.

Table 1 — Comparison of current state characteristics of studied recycling centres

Current state indicators RC1 RC2 RC3 RC4 RCS
Lead time 7.4 days 12.4 days 13.6 days 13.4 days 6.1 days
Process time 86.4 minutes | 134 minutes | 179 minutes | 168 minutes | 145 minutes
Number of scheduling 9 10 12 7 5
points
Number of involved 100 30 35 8 2
personnel
Monthly commercialized 1.6 ton 2.1 ton 1.4 ton 1.4 ton 2.4 ton
waste/person
Monthly income/person US§$ 200 US§ 234 US§$ 177 US$ 169 US§$ 370
% of rejected material 66% 34% 53% 20% 28%
2 Convey.ors .. 4 tables with | 4 tables with | 1 conveyor
. (28m) with | 12 Individual .
MSW sorting type 4 workers 4 workers (11m) with
28 workers | Workbenches
each each 12 workers
each
Does it sort medical waste? | Yes (21%) No No No No

Participants faced some difficulties while performing the current state analysis. The first one
was related to processes data. System information was inexistent and several processes were
informally performed. Moreover, cycle times were extremely sensitive to workers’ expertise and
commitment, imposing difficulties in the analysis of current data. Prior to the current state
mapping RCs used to estimate cycle times based on past experience; the same applied to the
definition of the centres’ production capacity, which was estimated from past performance
knowledge. Thus, part of the improvement team was given the task of random sampling
processes’ cycle times in order to provide more reliable information for the value stream
analysis. The lack of quality control of sorted materials by the RCs was also viewed as another
opportunity for improvement during mapping. Finally, two additional improvement opportunities



were considered noteworthy; they were related to: (i) the lack of process indicators and formal
process management routines, and (ii) unbalancing of labour distribution (and therefore
production capacity) across workstations.

In Step 5 of the research method, the improvement team drew the value streams’ future state
map. The resulting improvements are depicted in Table 2; its construction demanded six
additional 4-hour meetings, which took place in a two-month timeframe. Some objectives and
assumptions were set before drawing the future state map. First, a six-month implementation
horizon was targeted for the future state map, so that team members could reasonably work on
the proposed improvements without losing focus of daily activities yet not losing the
improvement momentum created so far. Second, improvement ideas that demanded capital
expenditure should be limited, since the study was carried out in cooperatives supported by local
government with limited budget. Improvements demanding acquisition of additional instruments,
new machines or costly layout changes should be initially disregarded.

Table 2 — Processes’ improvement opportunities for future state maps

Process Improvement opportunities Observation

1-Sizing the receiving inventory to keep an uninterrupted flow between waste delivery.

2-Using gravity to facilitate receiving process. Applied to all
3-Using visual management at receiving in order to allow supervisor’s anticipation before RCs
Supply of running out of material.

sorting 4-Including work station responsible for tearing bags and removing their content before the
conveyor

5-Removal of glass and other dangerous materials that can harm the sorting or damage the
conveyor

At RC1 and RC5

6-Reduce number of shared jerricans to allocate sorted waste

7-Added secondary sorting to reduce number of different jerricans in sorting area and At RC2 and RC5
operation cycle time

Sorting 8-Increase conveyor rhythm to archive takt
9-Adequacy of conveyor length and number of workers to improve work balancing

At RC1 and RC5

10-Balancing workload and defining cycle times Ap pl[l:éisto all
. 11-Review of batch sizes and packaging for transportation Applied to all
Transportation - - -
12-Implementing visual management for stock before pressing RCs
13-Reducing batch size for pressing )
. - - Applied to all
Pressing 14-Improving pressing change over RCs
15-Defining standardized work for workers procedure
Housing/storage 16-Implementing visual management for finished goods Ap plfl{e((:isto all

Several improvement actions were elicited towards the desired future state; they are
displayed according to processes in Table 2. Among the opportunities, 16 main actions were
defined, with major attention to sorting process due to its specificities. It is worthy to notice that,
regardless the process and RCs’ characteristics, a few actions were commonly applied. For
instance, the implementation of visual management, review packaging and batch sizes and
balance workload among processes were the main improvement deployment for almost all RCs.
No actions were addressed to improve information flow with customers and suppliers, since it
was understood that it belongs to local government’s scope. Further, MSW distribution to RCs
and delivery of finished goods to customers remain the same way as current state, since the
improvement horizon was six-month implementation and these improvements demand a longer
time. Thus, future state analysis focused on improving productivity, lead time and quality




through simplification and standardization of internal processes. Table 3 depicts future state

results for each RC after implementation of identified improvements.

Table 3 — Future state results for each recycling centre

Future state (6 months) indicators RC1 RC2 RC3 RC4 RC5
Lead time 1.3 days 3.4 days 6.2 days 4.1 days 1.4 days
Process time 56 minutes 88 minutes | 82 minutes | 87 minutes 120 minutes
Number of scheduling points 1 1 1 1 1
Number of involved personnel 100 39 44 40 40
Monthly commercialized waste/person 3.4 ton 4.3 ton 2.1 ton 2.3 ton 5.2 ton
Monthly income/person US$ 419 US$ 530 US$ 276 US§ 288 US$ 792
% of rejected material 37% 20% 20% 20% 20%
5 tables 5 tables
2 Conveyors 17 with 6 with 6 1 Convgyor
Improvements in sorting resources (28m) with 36 (20m) with 22
Workbenches |  workers workers
workers each cach cach workers

DISCUSSION

Our results denote some interesting points with regards to the productive systems of solid
waste recycling centres. First, despite a careful sample selection process in order to ensure the
uniformity of characteristics among the studied RCs, some contextual variables presented
differences that may influence the results. For instance, size of the RC, which can be compared
based on the number of involved personnel, vary from 22 at RCS5 to 100 at RC1. A few studies
(Dora et al., 2013; Ates, 2004) state that the larger the size of the plant the worse the information
flows, which negatively affects the production scheduling process. However, RC1, which is the
largest recycling centre, currently presents nine scheduling points, as shown in Table 2, while
others that are smaller present ten or twelve such as RC2 and RC3, respectively. Further, large
size also implies the availability of human resources that facilitate adoption and implementation
of change management practices (Foster et al., 2007; Herron and Braiden, 2006). Nevertheless,
our findings show that smaller centres have presented significant changes with adoption of lean
practices, such as RC5 and RC2, whose productivity improvements were approximately 112%
and 105%, respectively, comparing current and future states. Thus, although literature evidences
that contextual variables impact the adoption and implementation of lean practices in solid waste
recycling centres (Hemphala et al., 2010), results indicate that the direction of the effect is not
always as predicted.

Secondly, the current state results indicate the existence of a significant amount of waste
incorrectly sorted, which in turn influences the environmental and productivity performance of
the waste management system as a whole (Wilson et al., 2006). Due to its heterogenic line of
business, the waste sector involves several agents with varying incentives for sorting waste. For
instance, two of the RCs presented more than 50% of rejected material and only one achieved the
target of 20% of rejected material established by the municipal legislation (DMLU, 2013).
However, future state achievements show the percentage of rejected material of four RCs aligned
with the target. RC1 presents a particular contextual variable, which may justify its result of 37%
of rejected material. Among all RCs, RC1 is the only one that receives and sorts medical waste
(21% of total material) due to agreements with local hospitals. This kind of waste usually
presents a more problematic and specific materials for manual sorting than domestic waste,
which, consequently, affects the quality of sorting (Krook and Eklund, 2010a). Krook and
Eklund (2010b) also mention that this problem could possibly be addressed by product design



limiting the extensive mixture of different materials in products and enhancing the ability for
dismantling. Thus, the waste origin may influence the quality of sorting at RC1, and, although its
productivity has already increased, it could potentially be enhanced without such issues.

More specifically, regarding the implementation process of lean practices (e.g. VSM) in
recycling centres it is worthy to note a few points. In general, solid waste recycling centres are
often poorly run and operate to low standards. However, there are some main differences
between recycling centres and an ordinary industrial production system. For example, it is the
function of the recycling centres to receive and take care of visitors’ waste, characterizing a push
system, while industrial production systems normally order the incoming material from their
suppliers, denoting a pull system. Thus, some lean principles such as “let the customer pull value
from the producer” (Slack et al., 2010) needed to be adapted to this scenario based on municipal
arrangements with DMLU and the future productivity planned for each centre in order to review
and establish new patterns of MSW collection frequency and distribution quantities. Such
outcome corroborates to the contingency approach, in which organisations should use and adapt
lean practices and principles that are effective in their context (Anvari et al., 2011; Desai, 2011).
As a consequence, the adoption of a “best practice” approach becomes brittle, since the diversity
of as its major theme of study the identification of the best practices associated with alleviating
these problems.

Finally, a recycling centre can be viewed as a combination of a service and a production
operation (Sundin et al., 2011). While it is supposed to perform an environmental role through
the sorting and compacting of MSW in order to become raw material for other businesses, it
contributes as a socio-economic service. Specific socio-economic conditions prevail in many
economically developing countries, including rapid population growth, migration to urban areas,
lack of sufficient funds and affordable services, poor equipment and infrastructure and generally
a low-skilled labour force (Parrot et al., 2009). The promotion and development of recycling
centres is a means of upgrading living and working conditions of rag pickers and other
marginalized groups (Sharholy et al., 2008). Such service can be denoted by the increase in the
number of involved personnel from the current to future state. Considering the five studied RCs,
despite the obtained productivity improvements, 48 people were added to the centres, resulting in
an increase of 22% in employment opportunities. Moreover, the average monthly income per
person presented a significant increase that varied from 56% to 126%, at RC3 and RC2
respectively. Therefore, not only the employment level has improved but also the financial
condition of these workers has increased, contributing to a local socio-economic inclusion.

CONCLUSIONS

MSW management is a major problem in most economically developing countries. This
research suggests two major findings. First, while VSM theory brings valuable information to
managers and facilitators, the most important benefit comes from actually applying the tool.
During the mapping process insights grow, paradigms are shifted, and consensus is built. Not
only the mapping activity leads to better and leaner processes, but also brings consensus that
enables and enhances lean implementation in contexts other than manufacturing.

Second, the adoption of traditional manufacturing production management practices (such as
visual management and work design) in a recycling centre may characterize an important
contribution to the area. As stated by Sundin et al. (2011), the studied context usually presents
certain reluctance in adopting formal controlling and management practices. The justification for



that is twofold. First, personnel training in recycling centres (whenever it exists) is usually task
focused and does not emphasize the development of managerial skills. Due to their socio-
economic condition, labour force usually comes without technical background and low
educational level, which hinders the implementation of more complex management practices.

Implementing lean management approaches reinforce the need for re-orientation of solid
waste management systems regarding scope and strategic positioning. The evolutionary process
of transferring the lean team-based approach to solid waste management systems may enable that
re-orientation. However, existing practices discourage the establishment of a transparency
culture, where abnormalities and problems could be identified by anyone. That may limit the
improvement potential and problem solving capability, which is one major principle in a lean
system. Thus, further studies are needed to better understand the barriers and policies within
different recycling centres. That would enable a proper adaptation of lean principles and
maximize their acceptance by recycling centres.
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