
Lean systems and 
continuous improvement 

Lean thinking

v2. Spring 2022

Lean Production

Set of integrated activities designed to achieve high 
production volumes while using minimum stocks (raw 
materials, WIP and finished products)

• Prescribes to eliminate waste in production                   
à don’t produce anything that is not necessary

• Provides for parts to flow quickly through the 
production system

components arrive 'just in time' where needed!
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Lean Production

In an ideal production system, every product, 
component or raw material should always be in 
only 2 possible conditions

•processing 
•handling

3

Value-Added 
activities 

Customer value
• In the context of lean production, something for 

which the customer is willing to pay

Waste
• Anything that does not add value from the 

customer’s perspective
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Non–Value-Adding 
activities

consume resources!

Giorgio Mossa



Toyota Production System (TPS)

“The ideal conditions for making things
are created when machines, facilities, and people
work together to add value without generating any waste”

Kiichiro Toyoda

The Toyota Production System (TPS) was developed to 
improve quality and productivity and is predicated upon 
two philosophies central to the Japanese culture: 
elimination of waste and respect for people
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Lean Systems strategies

Focus on the Time Line
The “time line” starts from the moment the customer 
places the order with the company to the moment 
the company receives the amount of money 
corresponding to the fulfilment of that order

• By focusing attention on this line, the goal is to reduce 
its length by activating flows and removing wastes
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“Value stream” approach and 
Elimination of Waste 

To focus on removing waste rather than 
accelerating value-added activities

Types of waste or MUDA (Fujio Cho – Toyota Motor Co.)
1. overproduction
2. waiting time
3. unneeded transportation
4. excess of inventory
5. processing waste
6. waste of motion (resources)
7. product defects
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Lean Design Principles

1. (Production) System Design
a. Layout (Group Technology (GT) and Production Cells)
b. Quality at the source
c. Just-in-Time (JIT) Production

2. Lean Operations Management
a. Uniform loading and Leveling
b. Kanban production control system
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1a. Group technology

• Philosophy in which similar parts are grouped into homogeneous 
families

• Production processes are organised by production cells
• The elimination of handling and waiting times (queues) between 

activities makes it possible to reduce stocks and the number of 
employees required

• Need for flexible operators
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1b. Quality at the source

• The product must be manufactured correctly the first time
• In the event of process non-conformity, the system must be 

blocked
• Operators become inspectors and responsible for product quality
• They autonomously carry out the maintenance of machines and 

equipment
• They autonomously  carry out analysis and troubleshooting of 

the machines
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1c. “Just in time” (JIT) philosophy

Producing what is required in the correct quantity and at the right time
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Toyota Motors Production System (1973)

Primary Objective:  to reduce production costs

Respect for People Shojinka

Secondary objectives

KanbanQuantity control
JidokaQuality control

Just in Time Production

• Anything more than the minimum is waste
• Typically applies to repetitive production
• The ideal batch is “one piece”
• Suppliers make multiple shipments per day
• Highlighting problems that are otherwise hidden 

by inventory
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Inventory hides problems
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obligated to push a button to stop the line and turn on a visual signal. People from other areas 
respond to the alarm and the problem. Workers are empowered to do their own maintenance 
and housekeeping until the problem is fixed.

J I T  P r o d u c t i o n  JIT (just-in-time) means producing what is needed when needed and 
no more. Anything over the minimum amount necessary is viewed as waste because effort and 
material expended for something not needed now cannot be utilized now. This is in contrast to 
relying on extra material just in case something goes wrong.

JIT is typically applied to repetitive manufacturing, which is when the same or similar 
items are made one after another. JIT does not require large volumes and can be applied to 
any repetitive segments of a business regardless of where they appear. Under JIT, the ideal lot 
size or production batch is one. Although workstations may be geographically dispersed, it is 
important to minimize transit time and keep transfer quantities small—typically one-tenth of 
a day’s production. Vendors even ship several times a day to their customers to keep lot sizes 
small and inventory low. The goal is to drive all inventory queues to zero, thus minimizing 
inventory investment and shortening lead times.

When inventory levels are low, quality problems become very visible. Exhibit 14.6 illus-
trates this idea. If the water in a pond represents inventory, the rocks represent problems that 
could occur in a firm. A high level of water hides the problems (rocks). Management assumes 
everything is fine, but as the water level drops in an economic downturn, problems are pre-
sented. If you deliberately force the water level down (particularly in good economic times), 
you can expose and correct problems before they cause worse problems. JIT manufacturing 
exposes problems otherwise hidden by excess inventories and staff.

Lean Production Schedules
As noted earlier, lean production requires a stable schedule over a lengthy time horizon. This 
is accomplished by level scheduling, freeze windows, and underutilization of capacity. A 
level schedule is one that requires material to be pulled into final assembly in a pattern uni-
form enough to allow the various elements of production to respond to pull signals. It does 
not necessarily mean that the usage of every part on an assembly line is identified hour by 
hour for days on end; it does mean that a given production system equipped with flexible set-
ups and a fixed amount of material in the pipelines can respond to the dynamic needs of the 
assembly line.

The term freeze window refers to that period of time during which the schedule is fixed 
and no further changes are possible. An added benefit of the stable schedule is seen in how 
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Lean thinking
Critical success factors

Critical success factors:
Suppliers Management
• Suppliers define the production plan on the basis of the 

schedule provided by the main contractor each month
• Actual ordered quantities can be communicated on a 

daily basis
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• Suppliers must be incentivised to produce with the 
JIT system in order to survive (supplier kanban)

• The whole supply chain is PULL managed

Critical success factors:
Inventory Management
• Units (batches) must be produced without unnecessary 

delays or stocks

• The system tends to zero-level inventory
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Finished Goods Actual Orders activate the 
production

Components and 
Sub-assemblies

Kanban systems tends to 
one-piece flow

Raw Materials Suppliers directly feed the 
production/assembly line

Kanban a signal used 
to control JIT flows

JIT (just-in-time) 
producing or 
delivering what is 
needed when needed 
and no more 

Pull System orders 
activate the 
production in the 
upstream processes



PUSH vs PULL

PUSH
• Manages processes in advance of customer requirements; 

materials enter the system in advance to ensure the delivery time 
required by the market

• Uses forecasts;  wrong forecasts generate stocks, lengthening the 
production time instead of shortening the delivery time

• Forecasts of what consumption will be and the consequent plan 
to synchronise the cascading activities regulate the progress of 
the production
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PUSH vs PULL

• In a PUSH system, entities (materials, components, semi-finished 
products) are transferred to the downstream phase regardless of 
whether the latter is ready to receive them

• This immediately generates WIP (work in progress)
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Produzione Push: I processi vengono gestiti in anticipo rispetto al fabbisogno dei clienti; i materiali
entrano in fabbrica in anticipo per garantire il tempo di consegna richiesto dal mercato. Ciò è svolto
servendosi delle previsioni. Nel caso di previsioni errate, si generano delle scorte, il cui effetto è quello di
allungare il tempo di produzione invece di accorciare il tempo di consegna. L'avanzamento è regolato
sulla base di previsioni di quelli che saranno i consumi e di un conseguente piano di sincronizzazione dei
reparti in cascata. Questa è l'ottica di molti sistemi MRP. Nelle produzioni push, le attività sono spinte
verso il cliente sulla base di una previsione.

Produzione Pull: il cliente tira la produzione, nel senso che sono i consumi dei clienti ad attivare la
produzione, tanto che questa è regolata da valle del processo produttivo. Il prodotto non entra quindi in
produzione in anticipo o su previsione rispetto all'effettiva richiesta del cliente, bensì in seguito ad una
sua esplicita richiesta. In un sistema pull quindi nessuno, a monte, dovrebbe produrre beni o servizi fino
al momento in cui il cliente a valle li richiede.

In un sistema push i pezzi sono trasferiti alla fase di lavorazione successiva indipendentemente dal 
fatto che le stazioni siano pronte a ricevere e a lavorarli.

Ciò genera immediatamente WIP (work in progress) ovvero uno stock di pezzi “in attesa” di 
lavorazione.

Sistemi Push versus Pull

PUSH vs PULL

PULL
• The customers "pull" the production; customer consumption 

triggers production, so this is regulated downstream of the 
production process

• Therefore, the product does not go into production to anticipate 
the customer's actual demand but following his explicit request

• In a pull system, therefore, no one upstream process should 
produce goods or services until the downstream customer 
requests them
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rather than “pushing” material through the system based 
on weekly schedules generated by production control, the 
entire process should be converted to a pull system that is 
operated directly in response to customer demand 

Critical success factors:
Production Planning and Control

Controlling the system downstream allows smoothing 
fluctuations in demand
There is the need of a Flexible System
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OrganisationProduction

• Level the production Load

• Standardize production 
cycles

• Visual control system

• Flexible workforce

• Continuous improvement



Production: Leveling (heijunka) 

Levelling the flow of materials means creating balanced "work 
cells", whereby materials are advanced continuously and regularly 
without creating intermediate stocks
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Flexible
Automation

Small Batch
production

Set-up Time
reduction

Lead Time
reduction

Organization: Visual Control

Quality control is “on-line” and autonomous (jidoka)

• The system is under control when both tools and machines are 
equipped with instruments that can detect defects when they 
occur and prevent defective parts from being processed further
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Quality at the source Workers are 
responsible for the quality of their work

do the right job the first time!

The goal of TPM is the continuous improvement of equipment effectiveness
Total productive maintenance

Organization: Flexible Workforce

The group technology cells reduce movement and waiting 
time between operations, reduce inventory, and reduce 
the number of employees required

• The layout is modified to allow each worker to carry out 
activities on different machines (production cells)
• The need of eliminating waste time and the principle of 

job enrichment need a flexible worker
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Organization: Continuous Improvement

• Kaizen is the Japanese philosophy that focuses on 
continuous improvement

• The Kaizen bursts identify specific short-term projects 
(often referred to as “Kaizen events”) that teams work 
on to implement changes to the process

Continuous Improvement is based upon rigorous analysis 
of processes!
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Implement
Visual

Management



“Lean” manual workstation
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Un esempio Batch vs Lean Production

TRADITIONAL PRODUCTION
(batches and queues)

LEAN PRODUCTION
(flows)

Lines, departments and 
machines efficiency

Flow efficiency (short lead times)

High Resource Saturation Over-capacity and Leveling
Reduction of Operating Time Reduction of non value-added

activities and unproductive 
times
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Lean Production

IS DOES
§ Management «philosophy»
§ Pull system

§ Attacks Waste (time, inventory, 
scraps)

§ Reveals inefficiencies and 
bottlenecks

§ Accelerates/smoothes production

NEEDS PRECONDITIONS
§ Workforce engagement
§ Industrial Engineering methods
§ Continuous Improvement
§ Total Quality Control
§ Small Batches (one piece)

§ Stable environment
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Summary

• What lean production is
• How lean concepts can be applied to production 

processes 
• The TPS principles
• Continuous improvement

• References:
Ch. 12 and Ch. 14 Jacobs, Chase

28


