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Abstract: The presence of mandatory or voluntary regulations regarding health and safety (H&S) at both 
national and European level doesn’t ensure an effective implementation of H&S policies within the 
organization. In fact the compliance with the requirements doesn’t imply neither the real widespread 
diffusion of safety culture nor the presence of a proactive attitude toward its improvement. The common lack 
of quantitative targets for H&S and - where they are present - their non-convergence with productivity goals 
for achieving long-term strategic objectives, often risks to create a separation between efficiency and safety 
objectives by removing safety from the operational area and from the daily activities of productive resources, 
and by undermining the spread of safety culture within the organization. Lean management, through its 
principles (direct involvement, direct ownership, continuous improvement and management based on facts, 
..) and its methods (that transform the everyday processes, equipments and working environment) is the 
methodology that, if appropriately adapted, can modify everyday business for pursuing safety objectives 
through responsibility and direct commitment of all resources and the creation of a safety culture within the 
organization. The purpose of this paper is defining a framework that uses lean management tools, 
appropriately adapted with a safety logic - and therefore called "lean-safety” tools - for assessing, analyzing 
and improving business processes, machinery and work environment in an H&S perspective, through 
ownership and direct commitment of all resources. Through this framework, safety becomes an operational 
tool controlled and improved by operations people and its goals become direct responsibility of production. 
The synergies obtained from the combined application of lean management and lean safety tools allows the 
alignment of short- and long-term safety and productivity goals. The defined framework was then validated 
with a case study in a manufacturing company. The application of this method allowed a much more detailed 
and comprehensive assessment of risks associated with production processes, machinery and work 
environment; moreover it allowed their precise quantification and showed how the application of the 
framework have also an impact on the culture of the resources involved, due to the bottom-up logic of the 
approach. Finally the test demonstrated that trying to reduce safety risks had important benefits also in 
reducing wastes, thus achieving the goal of convergence between production and safety goals.  
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1. Introduction: lack of widespread and proactive 

Safety Culture 

In an organization two factors often undermine the 
degree of perception of the importance of safety issues in 
order to identify and define priorities and procedures for 
managing safety: the first is the difficulty of recognizing 
the real cost of non-safety; the second regards the lack of 
alignment between safety related indicators and operations 
related indicators, deriving from an insufficient strategic 
alignment between safety and performances.  

The safety related costs differ from the non-safety related 
costs to for the level of certainty of the occurrence of the 
cost (Hinze, 2000). The costs of safety are those which are 
incurred as a result of an emphasis being placed on safety, 
and are a certainty for any implementation of a safety 
program. The costs related to non-safety (Hafey 2010, 
Mossink 2002) are incurred as a consequence of the 
occurrence of accidents in which injuries are sustained: 
there is no certainty about bearing those costs. These 

uncertainties make it difficult to assess the need to make 
expenditures on safety politics and strategy on a purely 
economic basis (Hinze, 2000). 

This situation is reflected in the difficulty of estimating 
quantitative indicators and targets related to safety 
(Brown, O'Rourke 2007) that are integrated and coherent 
with strategic and organizational objectives in an 
organization. The alignment of strategic and productivity 
objectives related to both safety and operations helps 
ensuring the alignment and commitment of resources to 
the common goal: people at all levels, from management 
to operators, develop responsibility and involvement not 
only about production outcomes, but also about the ones 
related to safety. The use of tools enabling the 
accomplishment of these goals through daily activities 
aimed to cultural change, makes safety a widespread 
element. Safety and lean concepts need to be addressed 
concurrently rather than sequentially (Main et al. 2008). 

This paper defines a method that helps ensuring both 
production and safety goals through lean principles and 



tools, appropriately adapted with a safety logic, for the 
diffusion of safety culture through ownership and direct 
commitment of all resources. Lean techniques act on daily 
activities to convey the change in the working 
environment at both organizational and operational level. 

2. Lean Production 

The term Lean Production (Womack, Jones and Roos, 
1990) refers to a new production system management 
model, built upon the Toyota experience and the TPS 
(Toyota Production System). Lean Manufacturing is an 
organizational and production model aimed at increasing 
the production value by minimizing wastes, through 
continuous improvement (Melton, 2005). It focuses on 
the value perceived by the costumer (internal or external); 
it refers to a culture affecting the entire organization and 
aimed at reaching a higher quality with less resources (Lian 
and Landeghem, 2002). The elimination of all kinds of 
wastes at the basis of Lean Manufacturing is a systematic 
way of thinking involving workplace, machinery, 
processes, problems: it makes the entire operative flow 
value-added (Rother and Shook, 1999), and is based on 
the involvement of everyone. A waste is a loss of 
resources that is not related to the creation of value for a 
costumer.  

The “technical principles” at the basis of lean are 
(Womack and Jones, 1996): 

1. Focus on value; 
2. Elimination of the major losses in production; 
3. Do more with less; 
4. Focus on costumer; 

The organizational and managerial principles this 
philosophy is based on are (Womack, Jones and Roos, 
1990; Landsbergis et al. 1999; Brown, O'Rourke 2007; 
Tsuchiya, 1992; Nakajima 1988; Ahuja and Khamba,, 
2008; Rhyne, 1990; Labib, 1999; Sun et al. 2003; Vidal, 
2007): 

• direct involvement, 

• resources empowerment, 

• process ownership by everyone, 

• training,  

• alignment toward common goals, 

• daily and continuous improvement, 

• widespread leadership, 

• motivation of all employees,  

• total participation, that means participation of 
everyone 

• teamwork in small groups, 

• total involvement, that means the involvement of 
every business function 

• shop floor management - genba kanri 

These elements imply the need to involve everybody in 
using a different point of view, enabling the discussion of 
the status quo. In this perspective, lean can be seen as a 
systematic method for the improvement (Cesarotti, 1995; 
Cesarotti et al., 2005a; Cesarotti et al., 2005b).  

Lean management has safety as one of its pillars, but it is a 
support concept, not fully integrated in daily practice: 

usually it does not suggest specific methods/tools for 
operatively implementing H&S and this often brings to a 
limited focus on such pillar (Manuele, F. A., 2007, Main et 
al., 2008).  

However lean represents an opportunity to make 
substantial contributions to the business process in a 
safety perspective. It is the methodology that, if 
appropriately adapted, can modify everyday business for 
pursuing safety objectives through responsibility and 
direct commitment of all resources and the creation of a 
safety culture within the organization. 

3. Lean Safety 

Little research exists regarding the use of Lean techniques 
to achieve safety goals in synergy with production goals 
(Main et al., 2008). Lately Robert Hafey (2010) proposes 
to “use lean tools and techniques to emphasize and 
improve safety”. The author presents some lean tools, 
modified in a safety perspective, to convey the cultural 
change. But he doesn’t present a structured framework 
that makes them easy to use in an industrial environment: 
he just shows a list of tools and the way they can be 
interpreted with primary focus on safety, rather than on 
value, but he doesn’t provide quantitative specifications 
for the analysis of risks related to safety, nor he defines in 
a particular way the methods and criteria needed to 
address safety priorities. The present work differs from 
the Hafey approach: it proposes a structured framework 
for setting priorities of interventions for safety 
improvement (and for productive performance 
improvement, too), quantifying their impact on the 
reduction of risk through quantitative indicators.  

Lean Safety (LS)’s origin lies in Lean Management (LM), 
from which it shares basic principles, tools and 
organizational principles, conveniently adapted in a safety 
perspective. LS can be defined as a methodology for the 
renewal of safety programs for continuous improvement 
of processes with a safety point of view. It’s an 
organizational and productive model based on the 
involvement of operators, on the diffusion of results 
ownership between all the resources and on the business 
improvement. Its goal is the development of a safety 
culture, diffused among all the resources of an 
organization, that can be argued by the way they think, act 
and interact, transforming the working environment and 
the operative process through the development of some 
typical Lean tool. The proactive improvement of safety is 
aimed at the reduction of the risk of incidents related to 
activities performed by operators. A risk is defined as all 
those activities performed by an operator or its 
interactions with the production environment that can 
lead to an accident. 

LS inherits from LM the “organizational principles”: 
safety spreads throughout operations, becoming a 
responsibility of production; training is based on direct 
involvement of people; safety and production goals are 
tangible and measurable; risk analysis and assessment and 
the search for solutions are performed in a bottom-up 
way, adopting a proactive approach and involving all 
operative resources in risk mapping and in the design of 



actions for risk reduction. It follows a specific 
understanding of operative processes and of related 
operative risks, a widespread leadership and an increased 
ownership by operators; the information flow related to 
safety is both top-down and bottom-up. 

In LS “technical principles” are revised with a safety 
perspective. Particularly, while LM focuses on value, LS 
focuses on safety; for LM the main stakeholder is the final 
customer, for LS is the operator/employee; the 
perspective for LM is based on final product (the basis for 
process analysis and optimization is the final 
product/service required and perceived by the customer), 
for LS it is based on the person (the basis for process 
analysis and optimization are the activities performed by 
operators for the production of the final product/service 
required and perceived by the costumer).  

4. Logic of the application model 

Both LM and LS don’t regard only the application of a 
program, but they imply a change in the way of thinking. 
The effective implementation of Lean requires a change in 
culture through the involvement of all the resources. LM 
and LS tools are used to convey such cultural change and 
to involve every resource in the new paradigm, so that 
everybody is focused on continuous improvement of 
business processes from a safety point of view.  

LS tools are derived from LM and are appropriately 
adapted in contents and in the implementation rules to 
respond to the need of focus on safety. LM and LS tools 
enable the exploitation of synergies between the two 
fields, regarding both the creation of a common culture of 
involvement and of continuous improvement, and 
consequently the possible benefits.  

5. Functioning of the application model 

The application framework of LS includes structural tools 
(compared to the respective LM tools, the basic principles 
remain unchanged, but these tools are adapted with a 
safety perspective in their structure, parameters and 
application; they are applied occasionally -at regular 
intervals or as the result of process changes or 
improvements-, they need the involvement of production 
management and the support of other functions) and 

operative tools (they are applied daily and have a more 
operative impact than the previous ones, because they 
modify work environment and organizational culture in a 
more penetrating and long lasting way; they are applied by 
everybody and result in a higher involvement especially at 
operator level). 

5.1. Structural tools 

Structural tools are: (1) Safety Stream Mapping (SSM), 
allowing activity mapping with a focus on risk, from the 
operator point of view; (2) Incident Investigation, 
allowing the analysis of past incidents; (3) Risk Mode and 
Effect Analysis (RMEA), quantifying risk associated to 
dangerous activities and assessing relative 
countermeasures.  

Safety Stream Mapping (SSM) 

This tool uses a representation similar to the flowchart 
one to display a restricted part of the process (not the 
entire productive process), with detail of the activities it is 
composed of. Therefore its goal is to display and 
document a complex process through processing steps 
and decisions, highlighting for each box the risk element 
with comments.  

SSM derives from VSM modifying the underlying logic 
and the application procedures: the SSM features and its 
differences with VSM are illustrated in Tab. 1. The output 
is a map of process activities highlighting which of them 
are linked to risks for safety and connecting them the 
respective risks (VSM allows to map the process 
highlighting the activities that are not value added and the 
relative wastes). The parallel application of the two tools 
shows that some activities are source of risk and of waste 
at the same time. The goal of the tool is to obtain a 
process with a lower risk of accident. As a consequence, 
the priorities for actions of risk reduction, safety 
improvement initiatives and organizational changes can be 
identified.  

Incident Investigation 

Together with SSM an analysis of past incidents can be 
performed with Incident Investigation: in a LS 
perspective, injuries can be addressed as opportunities for 
improving safety, to implement proactive measures to 

VSM SSM

Focus
Focus on product and on the entire production 

process 

Focus on the operator and on the activities he 

performs in a restricted part of the process

Object of 

analysis

Search of value and of waste source (value point of 

view)

Search and elimination of risks for safety 

(safety point of view)

Perspective Production flow perspective Attention to performed activities 

Level of detail 

of the 

observation

Quantitative evaluation of the entire productive 

process related to a product or a family of product 

(Lian, Van Landeghem 2002), divided in macro-

phases, without the detail of each activity

Quantitative analysis of all activities of a 

restricted part of the process, without the detail 

regarding their time length, but with an 

attention to each activity of the considered 

process.

Stakeholder

Final customer (the customer determines what 

should be considered a waste and which activity is 

value added)

The operator, who directly acts on the process 

subject to the minimization of risk

Table 1. Comparison between Value Stream Mapping and Safety Stream Mapping 



prevent future accidents. 

Risk Mode and Effect Analysis (RMEA) 

On the activities identified by SSM and Incident 
Investigation is than applied RMEA (Risk Mode and 
Effect Analysis). RMEA is an approach for risk reduction 
deriving from the application of FMEA (Failure Mode 
and Effect Analysis) to safety: it allows the quantification 
of risks on the basis of objective and/or historical data, 
separately analyzing the different factors influencing risk.  

The object of analysis, that in FMEA (McDermott et al, 
2009) is the production system, in RMEA becomes the 
process. In FMEA observations are focused on failure 
modes, their causes and respective effects leading to the 
crisis of a component or the entire production system; on 
the other side, in RMEA the attention is shifted to 
possible risks, with their causes and respective effect that 
can lead to safety problems and incidents. 

The output of the analysis is the determination of 
priorities for intervention (through the definition of a Risk 
Priority Number - RPN), with the goal of reducing the 
risk related to activities: therefore RMEA can be seen as a 
fundamental basis for the planning of countermeasures to 
risk and of preventive actions for safety, based on the 
criticality of risk itself.  

RMEA is different from the mere consideration of the 
gravity of the risk in classic risk evaluation: it defines 
quantitative indicators allowing to deal with quantitative 
targets, and it performs an analysis of causes that is 
complete because referred to the activity that generated 
the risk, considering a greater number of parameters. In 
performing the analysis it raises operators’/management’s 
awareness on operative risks and relative 
countermeasures, resulting in a higher involvement. 

5.2. Operative tools 

After RMEA, problems identified in the previous step can 
be addressed developing both a Lean mindset and 
environment. The tools used (operative tools), compared 
to the relative LM tools, remain unchanged in principles 
and structure, but are applied with a focus on safety rather 
than on waste. They are applied daily and have a more 
operative impact than the previous ones, because they 
transform working environment and organizational 
culture in a more penetrating and long lasting way. They 
are applied by every level in the organization, and this 
results in a higher involvement, especially at operator 
level. Among the tools that can be used, there are:  

‐ Training and Ergonomics: they provide theoretical basis 
to direct in the right direction both risk research in the 
process and the solution search.  

‐ Team Working: helps building a Lean mindset based on 
involvement and empowerment, to involve people 
towards safety improvement. 

‐ Benchmarking, 5 Why, PDCA cycle: useful to get to the 
root causes of problems, to find solutions and to apply 
continuous improvement to implemented processes. 

‐ Visual Management: useful to engage employees in daily 
safety activities. 

‐ Poka Yoke: failsafe method that, combined with 
heightened safety awareness, helps to ensure an injury-
free workplace. 

‐ Standard Work: it’s the foundation of continuous 
improvement. 

‐ Kaizen Blitz 

6. Application of the model to a case study 

LS methodology and tools have been tested in an 
industrial plant producing beer, with particular focus on 
structural tools.  

Before the application of the model, some preliminary 
activity must be performed, that are: 

• identification of the line; 

• identification of the part of the line 

• identification of the phase of the production cycle 
object of experimentation 

Following these preliminary activities, the application 
involves three steps: Step 1 regards the application of 
VSM and SSM to identified processes; Step 2 regards the 
application of RMEA to risks highlighted in the previous 
step, to identify priorities for intervention; at last, Step 3 
regards the definition of an action plan for the application 
of Lean tools aimed at the reduction of risks arisen from 
SSM and RMEA. In the following sections the LS 
methodology is shown in reference to an example of risky 
activities observed directly on the shop floor, with 
evaluation of RMEA parameters and with definition of an 
action plan for their correction. 

6.1. Step 1 – Safety Stream Mapping 

The analysis and a detailed map of the process has been 
performed through some live observations of the activities 
of the process and the direct involvement of production 
management, of shift leaders and of line operators (by 
means of an interview to analyze in detail some activity). 
Activities linked to some kind of risk for safety, the 
related risk and the possible presence of related wastes 
have then been identified. In parallel a survey of past 
accident and near misses has been undertook, and the 
related activities has been added to the process map 
created with SSM. 

Among the risky activities detected, an example is: 

Activity 1: “The operator spreads a box on the bottom of 
the machine to kneel down without injuries caused by 
glass fragments”.  

Activity 2: “The operator must get on and off the machine 
to approach each piece of the new format: continuous 
up/down”. 

The considered activities involve both safety risks (Act. 1: 
risk of cutting and wounding; Act. 2: risk of falling and 
stumbling) and wastes in term of value (Act. 1: the 
presence of scrap on the machine leads to its premature 
wear; Act. 2: additional handling).  



6.2. Step 2 – Risk Mode and Effect Analysis 

Through the involvement of subgroups of operators, shift 
leaders and management, the application of RMEA 
allowed the quantification of associated risk for each risky 
activity arisen with SSM: this step consists in the 
allocation, for each activity, of some parameters and in the 
identification of relative causes and possible 
countermeasures.  

The steps for performing a RMEA analysis have a 
structure similar to the FMEA one, but are re-defined 
both in the application mode and in contents. As in 
FMEA, they include three phases characterized by the 
focus on safety: 

(1) A qualitative phase, deriving from SSM and completed 
with the individuation of the detectable element (that is a 
signal that allows the identification of the source of risk) 
and of causes. In the considered example, the detectable 
element for Act. 1 is the presence of glass fragments on 
the working surface, and the identified cause is the fact 
that the machine isn’t free from scrap; for Act. 2 the 
detectable element is the continuous getting up/down 
from the machine, and the identified cause is the lack of a 
unique method, of space for movements and of training 
for operators.  

(2) A quantitative phase, with the attribution of a level of 
importance (dangerousness) at each tern “activity-risk-
detectable element” identified in the previous phase, using 
some indicators (from 1 to 10), modified in comparison to 
the FMEA ones. These indicators are: 

o Severity: it measures the seriousness (depending on 
the expected number of days of prognosis) of the 
worst risk associated with the occurrence of the risky 
activity  

o Occurrence A – probability of Activity: it measures 
the probability that a risky activity can be performed 

o Occurrence R – probability Risk: it measures the 
probability that an accident may occur as a result of 
a risky activity  

o Detection – Evidence of the element: it measures 
the ability to more or less easily detect the presence 
of signals (detectable elements) showing the possible 
realization of the risk. 

o Detection – Perception: it measures the perception 
people have about how much the detectable element 
is symptom of a potential risk. 

Priorities for actions can therefore be identified with the 
Risk Priority Number (RPN), defined as: 

RPN = S * OA * OR * (11 – DE) * (11 – DP) (1) 

In the considered example, we run a RMEA that 
generated a RPN for Activity 1 of 882 and for Activity 2 
of 7650. The higher priority for Activity 2 compared to 
Activity 1 derives from a higher severity, higher 
probability of performing the risky activity and a lower 
detectability.  

(3) A corrective phase, which aims to identify corrective 
actions for the reduction of the criticality of safety risks, 
acting on RPN or on its components. 

6.3. Step 3 – Definition of an action plan 

Step 3 focuses on corrective actions for risks with higher 
RPN (or high Severity) through the development of an 
action plan aimed at the reduction of RPN acting on all its 
components.  

The involved resources (especially operators) analyzed 
activity from a different perspective, looking for causes 
and solutions, and gaining a different understanding of 
their role in the improvement of processes, equipment 
and work environment, focusing not only on productivity 
but also on health and safety. The proposed corrective 
actions regard not only the re-definition of operative 
procedures, the modification of machines, of support 
tools and of working areas’ layout, and the review of 
personal protective equipment, but they also affect the 
activation of a control system to ensure that everybody 
observes what has been defined, with the goal of 
continuous improvement focused on both safety and 
production objectives.  

7. Conclusions 

The present paper defines a method that uses lean 
principles and tools, appropriately adapted with a safety 
logic, for the diffusion of safety culture and for the 
development of a framework of tools useful for both 
production and safety goals, through ownership and direct 
commitment of all resources.  

The method was then validated with a case study in a 
manufacturing company. The application of this method 
allowed a much more detailed and comprehensive 
assessment of risks associated with production processes, 
machinery and work environment; moreover it allowed 
their precise quantification and showed how the 
application of the framework has also an impact on the 
culture of the resources involved, due to the bottom-up 
logic of the approach. In fact safety improvement results 
in a higher involvement and ownership from all resources. 
The increased involvement has a positive impact on the 
entire company in the long term, as operators gain greater 
loyalty towards the company, an increasing engagement 
and a greater sense of property of machines: this ensures 
in the long run a reduction of costs, deriving on one hand 
from lower turnover costs (workers are more tied to the 
company), and on the other hand from the increase of 
efficiency of machinery (acquiring a sense of ownership 
towards the machine, operators are empowered about the 
proper functioning of the line) (Cesarotti, Spada, 2008). In 
fact, according to Barney (1991) e Bowen, Ostroff (2004), 
human resources allows the creation of competitive 
advantage for an organization because they allow the 
implementation of a unique combination of resources and 
business activities that are hard to imitate.  

Finally the test demonstrated that trying to reduce safety 
risks had important benefits also in reducing wastes, thus 
achieving the goal of convergence between production 
and safety goals. 
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