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WASTE IDENTIFICATION AND MEASUREMENT AS A FIRST
STEP TOWARDS LEAN MANAGEMENT

Abstract. Lean Management (LM), a modern approach to basjreas been gaining impor-
tance since the beginning of the®2dentury. Lean Manufacturing used by the Japanete a
makers continuously seeks to improve business pseseby reducing amounts of waste in the
long term. Many LM implementations have been spedta successes, contributing to compa-
nies’ increased profitability, reduced inventorgasd manufacturing times, as well as fewer in-
house operations.

This article deals with a step-by-step implementatf Lean Management in a Poland-based
manufacturer owned by a transnational concern. Waste identification and measurement
method presented in the article can be used byigallg any traditionally managed firm. Gradual
elimination of wasterfiudg brings a firm’s conventional model of managen®aoser to the Lean
Management concept, promising measurable benefits & the firm is not ready to take further
steps into Lean Management.

Keywords: Lean Accounting, waste measurement and eliminatialue stream costing.

1. INTRODUCTION

When the European and US firms faced fierce Japat@sipetition in the
1980s, their managers realised that their accayrgystems failed to provide
them with timely and correct information they negde plan, control and make
decisions. The traditional cost accounting systeopgporting the operations of
many firms in the USA and Europe fell short of niegthe needs of organiza-
tions that had to cope with dynamically and conyfanhanging economic
environments characterised by ever decreasing ptgdife cycles and hyper-
competition calling for competitive strategies feed on customers, quality,
time and products’ prices (Szychta, 2007). Withfdst and timely fulfilment of
customers’ orders becoming a priority, the neeceapd for efficient, faultless
and speedy production processes. Enterprises weredfto replace overproduc-
tion, high costs of inventories and warehouse Bssith smaller lots made
“just-in-time.”
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At the turn of the 2 century a modern approach to business called Lean
Management (LM) have risen in importance. This ephccommon among
Japanese automakers, stresses continuous improlvefmprocesses by cutting
waste in the long term (Bradford et al., 2001). @02 report published by the
US Environmental Protection Agency estimated tla#3% of the US compa-
nies used Lean Manufacturing practices, while amo8% fully implemented
Lean Management. Drickhamer’s study found that 58%JS companies had
already launched Lean Manufacturing systems (Deaoidr, 2004). Many LM
implementations have been spectacular successesgasing companies’
profitability, cutting their inventories, manufadig times and numbers of the
in-house operations. What they also have showmgtinds that LM can produce
positive and sustainable results provided thatheoretical requirements are
fulfilled systematically for several years and timeplementation affects all
elements of the management system rather thargttgimpgrade the manufac-
turing component alone.

This article discusses a step-by-step implememtaifoLean Management
illustrated by a Poland-based manufacturer ownea lbsansnational concern.
The waste identification and management methodepted here applies to
practically any traditionally managed firm. Gradetimination of waste brings
a conventional management model closer to Lean lnant, promising
measurable benefits even if the organization is ready to reach for more
advanced LM practices.

2. LEAN MANAGEMENT AND ITS CHARACTERISTICS

When faced with crisis, more firms tend to cons@eequential implemen-
tation of Lean Manufacturing and Lean Accounting\\LLean Management is
a response to the growing complexity of managemeotesses that contributes
to considerable waste (Japanesedd of organizations’ resources caused by
activities that do not add value. The concept oarLdlanagement that the
Japanese companies (Toyota) have implemented sessiclly helps remove
most no-added-value activities from the making elivery of, respectively,
products and services. Production processes aveedidrom the customer’s
perspective as value streams (Sawyer, Williams,7R0Value streams are
sequentially arranged activities that must be peréal for resources (materials,
labour and information) to be transformed into s or services that the
customers expect (Kroll, 2004).

For a lean enterprise aspiring to understand alidedexactly what its cus-
tomers need (Womack, Jones, 1996) inventories speial type of waste. This
attitude to inventory control comes with the Jusfime (JiT) method, which
allows balancing output against actual demand astbmers’ preferences (a so
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called “pull production,” where the force “pullingroducts” through the
production system is customer demand, as opposgaisth production,” where
the driving factors are inventory levels or delywetates— Maskell, Baggley,
2006).

JiT and Lean Manufacturing are so strongly intetesl that some authors
use the term “Lean Manufacturing Production” asivajantly describing a JiT-
based system of production (Horngren et al., 2008}). can be defined as
a demand-pull production system, because eacHihilfied or finished product
is only made when the market or the next phaskeoptoduction process needs
it. JIT aims to provide customers with high-qualgsoducts made at possibly
low costs on a timely basis.

Lean Management and Lean Manufacturing are insblyacannected with
Lean Accounting (LA) that can be essentially déxmti as (Maskell, Baggley,
2006, p. 36):

— timely delivery of vital and clear information nesetito take decisions
increasing customer value and the organizationafitpbility, as well as
improving cashflows;

— elimination of all waste inherent in traditionakacinting processes;

— compliance with the financial accounting standaedswell as external
and in-house regulations defining the financiabrépg rules;

— support for human resource investments, distributd necessary and
vital information and promotion of culture focusewl continuous improvements
(kaizen at each level of the organization.

Lean Management is implemented based on reportsaimat delivering
information that constantly drives improvements.eTfinancial and non-
financial indicators in the reports should expldia total value of value streams
in the organization, customer values (thus stramgtiy relations with custom-
ers) and product design (Michalak, 2009, p. 175pdBction processes are
controlled using visualised performance indicatersich are measured at both
the factory and value stream levels. Tabulatedjrittieators are available with
weekly or daily frequency. All value-adding persehrcan view the data,
regardless of the company level it represents. ddta are also discussed in
more detail by the teams responsible for probleemtification that constantly
seek process-improving solutions. LA requires ia fiist place that the reports
and information distributed be comprehensible f& tecipients. The so-called
‘box scores’ used for presenting the results are-mgage reports summarizing
several key measures of value streams, such asigaptlisation, the number
of products per capita, sales, or the weekly coftaterials (Maskell, Ken-
nedy, 2007). This approach to controlling and préeg company’s results is
a major building block okaizen a continuous improvement concept underlying
Lean Management and Lean Accounting
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Value management in LA is supported by financial ann-financial indi-
cators, as well as cost accounting that shows sdloging through the entire
organization rather than concentrating on particptaducts, processes or jobs
(Michalak, 2009, p. 174). According to the LA coptet is not the manufactur-
ing time that determines product’s cost, but theespat which a unit product
moves along a value stream. The primary sourcenain€ial information is
accounting for the costs and the performance aflaevstream. In this process,
the direct costs are attributed to the stream ggingra given group of products,
whilst other costs that are not directly attriblgato the value stream are treated
as the enterprise-wide operating costs. An imporfzart of LA is “target
costing” where a product cost is the differenceMeen the target price and the
target profit margin, assuming raudafree production process. The questions
that production managers ask themselves are tlosviol: “What will happen if
all products we make are defect free; what will gepif we give up quality
checks of the materials we purchase? Once theigunesire answered, waste
can be eliminated from production processes andptiogluct's target cost
becomes more achievable. President of Toyota Motoporation, Eiji Toyoda,
used to say that raising prices by 10% is veryiatiff, but cutting costs by 10%
is not a problem at all. Target costing internatismarket and customer-oriented
philosophy is a cost accounting method dovetailéth ¥he LA assumptions”
(Sobaiska, 2010, p. 110).

In Lean Accounting, data are collected, measuresremet made and cost are
calculated at the cell level to drive the cycleimprovements that the value
stream managers and their teams are responsibla foe first place. Perfor-
mance is measured to pinpoint the areas for impnewe, then the roots and
costs of the identified problems are analysed amally solutions are proposed.
The last stage is monitoring of how the adjustmemizde work. If the
expectations are met, then the pertinent procedareeghanged and the opera-
tional costs and other information necessary fdue/agtream management are
updated accordingly. To implement Lean Manufactudncompany must adapt
its accounting system towards Lean Thinking andienthat the system itself is
not a source of additional waste. For the changesed to Lean Thinking to be
effective, they must focus on three areas of dagtive. management, production
and accounting.

Implementation of Lean Management is a long-lastiragess that needs to
be gradually introduced to all components of thengany's business. The
question that is frequently asked concerns the plese for starting improve-
ments and waste reduction. James P. Womack, timeléowf the Lean Institute
advises against introducing Lean Management achessompany at the same
time. Most organizations choosing Lean Managemeltavi his recommenda-
tion. They start with the production area and maleng until they reach the
financial and accounting departments. Other exparthe lean concepBrian
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Maskell and Robert Jenson, suggest that specidlooabe exercised when
introducing Lean principles into the two departnsefithey also advise that the
transition from traditional accounting systems toigaan advanced LA model
be gradual. To make the change smooth, B. Maskell R. Jenson have
developed a 4-Step Lean Accounting Maturity Modehéell, Jenson, 2000).

In the real world, many firms organised on Leamgples use traditional
cost accounting methods and classical performandidtors. These hybrid
organizations exist, because they are concernadt alfether Lean Accounting
will be able to perform the traditional financi&lporting functions of accounting
systems. Besides, many firms prefer to phase srthiv management concept
using a “small-steps method;” they start with wadentification and measure-
ment, then they separate their value streams aatlyfintroduce the principles
of Lean Accounting.

3. WASTE IDENTIFICATION AND MEASUREMENT IN THE SELECTED FIRM
— A CASE STUDY

The organization analysed in this article is addrgnsnational manufacturing
concern with subsidiaries in many countries, inicigdPoland. Until recently it
has operated a traditional management system atiypipplied to mass produc-
tion conducted in an environment characteriseceby tynamic competition. For
a very long time, the concern’s managers did ngittfeat the management model
needed any modifications. Dynamically growing salearticularly in Eastern
European countries, gave them a sense of securdycanfirmed that their
approach was the right one. Only the lessons ti@tBoard learnt during the
economic crisis in 2009 made it launch profoundngles to the way of doing
business. Theconcern is departing from its management model based on
a mass-production philosophy to one appreciatingséomer-oriented philosophy
and the top management has decided to implemesatnaproduction system. The
Board believes that the changes will help impronalpct and process quality and
will reduce the costs of innovation, operations aftdr-sale services, thus leading
to the better satisfaction of customers’ needsplasned, the concern will need
several years to become a fully lean organizafitve. project is supported by an
external consulting firm, a leader in lean impleta&ons in Europe.

The first stage of Lean implementation startechinrhid-2010 and involved
four factories that the concern runs in differeaumtries. Because the imple-
mentation costs are high, the other subsidiariéisoeireorganised based on the
experience gained during the first project, withthg support from the external
consultants. The pilot group consisted of the corisestrategic factories,
including one facility located in Poland. To coaralie the project activities,
a team consisting of a Lean Manager acting as thggl's top supervisor,



16€ Beata Szkudlarek, Ewelina Zarzycka

production director, factory controller, and praeemngineers from particular
production departments was assembled in additiotmgoexternal consultants.
On an “as needed basis,” the team was additiosalbported by the logistics
director, quality director, machine operators, tshilanagers, production line
managers, and maintenance staff. At this stagggiractivities had the form of
three-week workshops that the team had been prepéor several months
before they started. The preparatory phase wasssagein order to create
a possibly detailed data baseline (a database)imfitlhmation on the in-house
processes. The data selected for this databasescowe previous 12 months. In
particular, they were extracted to show the follmyvi the production cost
budgets; cost structure by cost type as well agdoradown into fixed and
variable costs; average wage rates paid to theuptioth workers; utility rates
paid for one kWh of energy, cubic meters of gas &ater; average repair cost
per unit of finished product; maintenance costspponent transportation costs.
The technical information (the factory layout, thkart showing particular
production departments and the location of indigldmachines and pieces of
equipment on the shop floor, machinery and equipritke times arising from
the scheduled maintenance breaks and failures, facdnting times by product,
machine and department, duration of quality cheaksenteeism, use of energy
and other utilities by a product, a machine an@&padment, rates of defects by
a product, a machine and a component, workload @téhe in-house materials
handling equipment, numbers of workers by departmammbers of machine
operators, numbers of workers manning the produdiites) was deemed as
important as the financial data. During the databasduction period a gap
between the factory data layout and the projea®sds was a frequent problem
that was solved by rearranging the data. Becauseeueral instances the
necessary information was not available at allwiés generated by making
estimations of other indicators. The problems entered at this stage spurred
the reorganization of the concern’s managementsocg system.

The first stage of Lean implementation aimed tdquer a cost deployment
analysis, which was treated as a stepping stonarttsvthe identification,
elimination or limitation of the sources of wasiée concept of wastenudg is
essential to being able to understand the condepean Management. Waste
may be interpreted in many ways, but for the sdkihe project it was defined
as a wasteful use of resources, i.e. one thatmimtegenerate added value for the
concern.

The project team identified five categories of wasy the type of resources
used in the concern: waste of machines and equiprvaste of materials; waste
of energy; waste of human resources and wasteooepses.

The first category ofmudaconcerns manufacturing times in the factory. The
following main types of losses were identified:
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— operation of machines and equipment interruptedaliyres, changeovers,
maintenance work, inspections;

— machines and equipment running more slowly thay ttould because of
poor quality of the intermediate goods and raw nite restarts, etc.;

— machines’ productive time wasted when defectivedpcts are made or
repaired;

— machines shut down for the scheduled breaks (w®tk&ing on vacation and
holidays, etc.).

The second source of waste as identified duringptbgect was the use of
human resources. The following categories of losgae found:

— losses caused by inefficient management — exeesdigenteeism, strikes,
workers waiting for materials, instructions or dgens, unutilised and
ignored creativity of the workers causing wastafjeleas and learning abili-
ties;

— wasteful movements — activities not creating austovalue, such as looking
for parts, walking around the work station, bendilogvn, reaching for things;

— inefficient workflow — production process planremtl organized in a manner
that prevents full capacity utilization of a proton line, bottlenecks, un-
automated processes;

— defective products — necessary repairs of defaets the fixing of errors,
manufacture of defective products, designation afkers to repair the defec-
tive products, quality inspections of finished aiftinished products.

To facilitate the identification of the losses cented with human re-
sources, production activities were subdivided thtee categories: value-added
operations, e.g. cutting, hole-making, welding, drg, painting, bonding,
screwing in; semi-value added operations — holdpagitioning, joining and
non-added value operations — waiting, walking, ingncarrying, looking for,
pushing, looking, lifting.

The third category afhudaconcerned the use of the direct and indirect pro-
duction materials. Three types of losses wererdjsished in this area: use of
the direct production materials — defective produldsses caused by a restarted
machine, excessive use of materials, obsolete maksteexcessive use of the
indirect materials; excessive use of spare padsw@aintenance materials.

The fourth type of waste led to energy lossestypks of energy, i.e. elec-
trical, heat, etc.). The following groups of lossese distinguished:

— energy wasted by a restarted machine;

energy wasted because of poorly insulated buigling

technological heat loss;

energy lost due to leaky installations;

excessively automated production processes;

losses caused by inappropriate working conditteadack of windows or few

windows make energy consumption rise, because thking areas need

artificial lighting then and the A/C systems ardtstied on more often.
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The fifth and last category ofiudagrouped all resources that matched none
of the four categories above. This category way beoadly termed ‘process
waste’ and its components were:

— overproduction — the making of products that areim demand generates the
following types ofmuda excessive storage and transportation costs, ptsidu
growing obsolete, inappropriate processing of camepts, wasteful move-
ments and, last but not least, defective products;

— wasteful transportation — the handling of the wiorprocess materials, half-
finished and finished products (e.g. on forkliftehgthens manufacturing
processes and increases costs beyond what is apcésg. because of leas-
ing payments for the forklifts or the wages paidheir operators);

— overstocking — excessive amounts of raw materadsk-in-progress materials
or finished goods lengthen the lead times, prodbetsome obsolete and
exposed to physical damage, production costs grorgasonably and the
capital embodied in inventories represent is frpzen

— mismanagement in the production area — ineffigieatganized and setup
production lines, machines and equipment and vastugtion floors generate
losses connected with lighting, heating, depremmtproperty tax and other
levies.

The next stage of Lean implementation was a cqdbgment analysis. To
perform this analysis, its level of detail must determined first. The options
considered in this particular case were the foltmuwifactory costs; costs by cost
centre and process costs.

In choosing the appropriate level of cost analyaitors such as the cost
nature, the complexity of production processes@oduct characteristics must
to be taken into account. After consultations with factory’s staff, two centres
generating costs directly attributable to productiere selected: the mechanical
department and the assembly department. In theseairwork the project team
assumed that, if need be, the level of cost amalysuld be brought down to
a production line or a process section, etc., medato investigate the factory-
-wide costs.

At the next stage, the cost deployment analysis@unated on locating the
loss-generating places (i.e. waste). To this eémal,project team identified loss
types (using the already available classificatibmaste sources) and attributed
them to particular areas (the assembly departnretheanechanical department;
otherwise, if this was not possible, a loss washaitied to the whole factory).
Then weights were assigned to each of the idedtiidsses. To perform the
procedure, the known areas of waste were subjéctadjualitative and quanti-
tative analysis, which was one of the most diffi@gerations during the project.
The analysis was largely based on the already lestatl database, as well as
using the knowledge and experience of productioactlrs, process engineers,
and department managers. Many line managers animeagperators were also
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interviewed to gather the necessary data. Thivipctied to the creation of
a matrix of weights of the identified losses, whighs provisionally called an
A matrix.

The matrix A columns contain the cost centres (tieehanical and assem-
bly departments and the entire factory), while ritsvs indicate loss types
classified according to the five categories of waSthe weight of each loss is
colour-coded: the red represents a very high lefr@aste, exceeding 100 000
euros a year; the yellow is significant waste, withses estimated between
50 000 euros and 100 000 euros; the green denatdsrate waste, generating
losses below 50 000 euros. The white colour mdaatsat loss of the given type
was not found. The main sources of waste in théofpovere machines and
equipment, human resources and processes. In3otaty significant (red) and
24 significant (yellow) categories of losses wedeniified. An organization
going through transition to become a lean orgaimmashould analyse the
weights of particular losses at least twice a year.

The third stage of the cost deployment analysiedito identify the origi-
nal losses and to separate them from the secondssgs. Only the red and
yellow losses in matrix A were examined. The grémsses (moderate) were
omitted from further analysighey still need monitoring, though, because their
weights may grow heavier in the future, moving lieses to higher categories
(significant or very significant). The losses urgieig other losses were placed
in the rows of matrix B that shows the causal reteships between the earlier
identified types of waste.

The losses originating from other losses are groupehe matrix columns.
The black cross in the matrix cells means thatantffiable correlation between
the particular types of losses was found. The redscindicates that although the
losses are correlated, a reliable estimation of twrelations is not possible for
the lack of data. The red cross predominating i iimatrix shows that the
organization’s accounting management system is affitient, because the
system fails to support decisions that could eithiégninate or at least limit
waste. The correct identification of losses leadimgther losses is crucial for
the next stages of the cost deployment analyscause the secondary losses are
not likely to be eliminated, if their root causesmain unknown. Any errors
made during this stage may lead to false conclgsadmout the real situation of
the organization, thus prompting wrong decisionslatevels of management.
The project team working in the factory being arsaty managed to isolate
a number of original losses, most of which wereseduby machines and
equipment. The low productivity of the hardwarelezhlfor excessive stocks of
materials and half-finished products to be mairgdjras well as contributing to
high rates of defects and affecting the laboursaddgiost correlations between
machine failures and the resulting defective prtslweere found in the me-
chanical department.
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The project team was also responsible for estigdtmfinancial terms) the
portion of a secondary loss attributable to the m@use. The calculation data
were obtained from the accounting system and duniggviews with specialists
and experts representing various fields (logisticaintenance, or quality). The
data were entered into matrix B, replacing theigadrosses indicating causal
relationships.

The fourth stage of the cost deployment analysis wged to produce matrix
C. This matrix was to show the type of a cost (ir@nd indirect materials,
labour, use of energy, depreciation, external sesjyiand its value attributable
to the distinguished categories of waste.

The rows are the identified categories of wastethadcolumns are the cost
types. Accordingly, the totals in the columns imadé the overall cost of the
given type generated by atludacategories distinguished, while the totals in the
rows show the total value of losses (across akdypf costs) caused by one
category of waste. The analysis of the data predéntthe cross section allowed
estimating the total loss arising from wasted reses at 7.3 million zlotys
a year, its main reasons being defects and wastengBlion zlotys a year),
inadequately manned production lines (2.1 millitotys) and activities failing
to create customer value (1.3 million zlotys). Mlmstses were attributed to the
mechanical department and their main cause wasditteet materials. The
primary cause of waste in the department was uedemming machines and
equipment (frequently running below 60% of theipaeity) and high rates of
defects. As regards the assembly department, nossied were tracked to
unproductive workers’ time and their causes wem-value added operations
(long quality checks and extended waiting periogets,) and relatively high
absenteeism.

During the fifth stage the project team developesthods and tools for
eliminating or reducing the losses. To each satutimposed its implementation
costs and estimated savings were attached. If mmgléed, the selected solu-
tions could bring the net savings of 1.7 milliotys a year over a 12-month
horizon (net of implementation costs), with addiaibfuture savings amounting
to 3.5 million zlotys a year. The proposed toolgevalso capable of reducing
the amount of the idle current assets (mainly gmed by the stocks of raw
materials and half-finished products) by 2.7 millidotys.

To go ahead with the plan, the Board’'s approvaldsessary. The twelve
projects selected for the Polish factory are egehat 3.7 million zlotys in
savings a year, achievable within 3-5 years afteir implementation. Most of
the activities planned are 10-12 week-long workshop be delivered by
external consultants. Their main subjects concentra improving the perform-
ance of machines and equipment in the mechaniqartieent, adjusting job
instructions in the assembly department (with awte eliminating the non-
value added operations and increasing productiemthiroughput), reorganizing
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the quality assurance system (by cutting qualigckitimes without compromis-
ing product quality) and improving efficiency oftimaintenance department.

The Board’s approval of the organizational perfanoeimprovement plan,
being the last act in the cost deployment analysisnly a first step towards
a truly lean organization. Never-ending improverasesnid unceasing efforts to
create customer value require that the analysiepeated with some regularity
(twice a year at best), as this approach allowsltirndentification and elimina-
tion of the major sources of waste. The awarenéghi® requirement caused
that the team of experts and specialists has rest bisbanded. They continue to
implement Lean practices on their own, without #ssistance of the external
consulting firm.

4. CONCLUSION

Working on the Lean project the team members haweecto understand
the role and importance that the management adogusystem has for the
concern. Most project participants have realisag gkearly that the information
the system holds is very helpful or even indispbles&r making the correct
decisions. However, an equally obvious finding Hmesen that the present
management accounting model is incapable of progidill vital information
that a lean organization needs to manage its kasiriEhe most prominent
problems highlighted are the following:

— the concern’s management accounting system usdgetsu negotiated
between the particular departments and the top gesiment. The negotiations
usually refer to performance results achieved m phevious years (a zero
base budgeting approach is not used). As a resalife generated in the
previous periods is built each time into succesbiwdgets. This makes loss
identification more difficult; losses are not diseced until negative differ-
ences between the actual and budgeted values appear

— the standards established when budgets are beamgh dip go on unchanged
throughout the year. Considering that the econ@nigronment and business
conditions are subject to continuous changes,itici®ases the risk that the
real values will considerably diverge from thosarwled, regardless of how
well the concern performs;

— as well as being unable to effectively supposdtstic decision-making in the
concern, the management accounting system staymiftict with lean manu-
facturing practices, because it cannot generai&blelreports on the sources
and amounts of waste;

— the present accounting system does not allowfaetiisy measurements of
what has been achieved through the remedial actiorzarticular, it under-
values the costs of underperforming machines aogbeeent.
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The above means that without appropriate modificatito the accounting
system a full transformation into a lean organ@atis not possible. Lean
Manufacturing practices must be accompanied by lLemounting solutions.

Therefore, implementation of the LA rules shoulddoe of the next steps
the concern needs to take on its way to becomilea@ organization. Having
LA in place will enable the concern to make rel@bffectiveness measurements
of the implemented solutions, as well as aidingvllee-adding processes it has
already initiated.
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