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Abstract

Nowadays achieving sustainable development is a global concern. The issue of unsustainability can be related to
population growth and excessive consumption of natural resources. To tackle these issues, several management tools
and methodologies have been developed in the last years, to assess, analyse and improve the environmental and
economic performance of production systems. This work presents an approach based value stream mapping in order to
assess and improve energy efficiency, environmental performance and financial performance of a production system. The
developed approach can be applied to any industry or production system, where all the unit processes involved are
identified and the inputs/outputs of each unit system quantified and easily perceived. Key environmental performance
indicators and the corresponding eco-efficiency ratios arise as outcomes of this approach, in which a Multi-Layer Stream

Mapping (MSM) with visual management attributes is created.
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1 INTRODUCTION

In the whole history of mankind, sustainability was never as
meaningful and important as it is nowadays. This fact collides with
population growth; the scarcity of resources and their rising prices;
the national and international environmental policies becoming
stricter [1]. However, measuring sustainability and assessing
sustainability evolution is an ambiguous and difficult task. In the 90’s
the World Business Council for Sustainable Development (WBCSD),
established a framework to assess eco-efficiency, which embraces
the economic and environmental dimensions, leaving out the social
dimension that is part of the sustainability structure [2]. The WBCSD
identified the following elements of eco-efficiency:

Reduce material intensity

Reduce energy intensity

Reduce dispersion of toxic substances
Enhance recyclability

Maximise use of renewable resources
Extend product durability

Increase service intensity

NookwNn =

The purpose of eco-efficiency is to maximise value creation and
minimize environmental burdens [3]. Eco-efficiency measures the
relationship between economic growth and environmental pressure,
and is generally expressed by the ratio between economic value
and environmental influence, represented by:

Product or service value

Eco-efficiency = (1)

Environmental influence

Equation 1 - Eco-efficiency Ratio [3]

Eco-efficiency, as a management philosophy, has been adopted by
many companies, including major economic groups such as 3M,
Dow Chemicals, Toyota, BASF, etc. [2]. These companies believe
that eco-efficiency goes a step further then corporate responsibility,
and by embracing an eco-efficient mind-set, the outcomes are an
asset for the company. For example, Toyota uses an approach

based on environmental values, which reinforces their competitive-
ness and improves their eco-efficiency performance [4].

The framework developed by WBCSD can be used by any business
to assess and measure progress towards economic and
environmental sustainability [3].However, this framework lacks a
simple and discrete approach in order to analyze and assess unit
processes that are part of the production system.

The goal and main focus of this work is to present a combined use
of an alternative tool, Value Stream Mapping (VSM), and
demonstrate its suitability to assess environmental and energy
performance of unit processes and production systems in a fast and
flexible manner. This approach can be both very practical and useful
for:

Top management decision support

Defining priorities

Identifying inefficiencies in an easy manner

Identifying Key Environmental Performance Indicators (KEPI)
Assessing eco-efficiency performance

Identifying improvement actions

Secondly, this work attempts to demonstrate the importance of
presenting environmental issues and eco-efficiency performance in
a simple manner, through visual management maps and layouts, in
order to simplify top management understanding of the KEPI's and
their suitability for decision making and overall awareness.

2 APPROACH

There are several methods, management tools and decision support
approaches that aim to maintain or increase production while
reducing costs, raw materials consumption, energy consumption,
the amount of emitted effluents, waste generated, etc.

However, this paper presents a framework that combines Value
Stream Layers (from Value Stream Mapping assessment) with
visual management attributes, thus transforming the concept and
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the understanding of eco-efficiency into something more
quantifiable, simpler, concise and directly applicable to any
production system or process sequence.

This need arises since the existing eco-efficiency tools and methods
are not always directly applicable to every product and/or production
system, and often addressed as “isolated stage analysis”.

The other reason that sustains the need of such approach is related
to the lack of fast visual management attributes in most methods
and tools used for eco-efficiency assessments.

Visual communication is an important aspect for any management
board or project manager, managerial esthetics highlights the critical
roles of visual elements in modern management [5].

Therefore, the approach presented by this work presents the data
and performance results in a fast assessable visual format. The
outcome and results are diagrammatical and intuitive representation
of managerial concepts. This helps to amplify cognitive ability or
reduce complex cognitive work, consequently humans can derive
better and faster the overview information, than if presented in a
textual/numerical format [6]. Spatial positions or colors provide
similarity amongst different features than do texts or numbers, which
is one of the key reasons why human beings can be visually
attentive to certain symbols and identify visual patterns [6].

Thereby, in order to fulfill the visual management attributes, the Key
Environmental Performance Indicators and the global performance
results are represented in Dashboards, thus taking into account that
the primary purpose of a dashboard is to display all of the required
information on a single screen/layout, clearly and without distraction,
in a manner that can be quickly and objectively assimilated by top
management, stakeholders and project managers thus allowing
them to see the necessary information at a glance and make an
informed decision [7].

The combined use of Value Stream Layers of a Value Stream Map
emerges in order to “see beyond” the global environmental and
financial performance of a production system in a simpler manner
and enables the understanding of the eco-efficiency assessments,
and at the same time simplifies the identification and quantification
of specific inefficiency situations.

In order to assess the environmental, financial and global
performance of a production system and also identify and quantify
the inefficiencies and misuses, this framework starts from the classic
bathtub curve of Value Stream Mapping.

Value Stream Mapping

The Value Stream Mapping (VSM) approach adopts a flow
perspective rather than an activity-based perspective on how work
gets done (Figure 1).
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It includes metrics to gauge certain types of waste/inefficiencies in
the supply chain [8, 9].

According to Rother and Shook’s approach [10], a value stream
consists in the collection of all actions (actions that add value and
actions that don’t ) that are required to bring a product or a group of
products through the main flows, starting with raw material and
ending with the customer [8, 11]. To map a value stream, the first
step is to choose a product family as the target for improvement and
then map its current state (while walking along the current
production system). In other words, it consist in capturing a
snapshot of how thing are actually done, consequently creating the
current state map. The following step is to create the future state
map, which is a picture of how the system should look after the
inefficiencies in it have been removed [8, 11, 12].

The primary goal of this tool is to identify all types of waste in the
value stream flow and processes in order to take actions to try and
eliminate these, by analyzing the Value Stream Maps (VSM) [9, 11].

Kuhlang and Edtmayr [9] have studied the application and use of an
extended value stream map (Figure 2), although their extended
stream map does not consider multiple aspects of different nature
(as for environmental, economic and global performance aspects).
Their goal was to reduce lead time (wastes) by using an extended
value stream map that also considers, for example, the area
occupied by each machine or industrial element.

The lean tool here presented arises in this framework because it can
be a practical and useful way to identify actions that do not add
value to the final product and to identify inefficiency and wasteful
situations. In this approach, Value Stream Maps are used to quantify
in detail not only the time spent but also to identify: costs, emissions,
energy consumption, resource consumption, waste generated, etc.,
of all unit processes. Unlike the usual VSM that just maps out
individual process times and stocks, or areas and transport in the
extended version by Kuhlang and Edtmayr [9], the idea here is to
assess overall eco-efficiency performance, using a VSM bathtub
curve for each environmental and financial aspect, or any kind of
variable, originating a Multi-Layer Stream Mapping (MSM) for overall
performance assessment.

The ratios and key performance indicators can be easily quantified
in terms of: consumption of energy and resources, emission, waste
generated and costs of each unit process, allowing the user to
calculate the efficiency of utilization of various resources and
production time. This facilitates the task of identifying improvement
actions that are necessary or which can be implemented. This
approach also helps to better understand how the production
system interacts along its sequence.

process 1 ||||||||||||||||m|||||||l|ll|||l' process 2 ||||||||||||||||m|||||||||||||||' process 3
< 1 <1 Q1
. manual manual if manual & manual lif
forklift | |pT: 1808 trucks trucks PT.200 = trucks trucks PT-220 < forkift
0m 1 Vst 10 min 80m 40m ST: 20 min 10m 30m ST 15 min 50m
100x 50x 50x 50x 50x 150x
200 | |2 shifis 50 ampties | | 2 shifis 50 empties | | 2 shifts 200
25d 1d 35d 5d lead time: 12 d
time I
180 s 2008 220 s operating time: 10 min

Figure 1: Common Value Stream Map for production time assessment [9].
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process 1 ||||||||IIllllllmlllllllllllllll- process 3
< 1 <1 <1
. manual lift rranusal it rranusal i rranual lift
forklit | | PT: 180 Irucks Irucks PT-2008 Irucks trucks PT:2208 forkif
S0m ST: 10 min 80m 40m ST: 20 min 70m 30m ST: 15 min 50m
100x 50x 50x 50x 50x 150x
200 2 shifts 50 amplies 2 shifis 50 empties 2 shifts 200
2,5d 1d 35d 5d lead time: 12 d
time I
180 s 2005 220 s operating time: 10 min
100 m? 80m? 70m* 90m*  supply area: 340 m*
area I
10 m* 12 m* 9m: production area: 31 m*
80m 120 m 100 m 90 m transportation distance: 400 m
transport |[
T0s 95s T5s T0s transportation time: 310 s

Figure 2: Extended Value Stream Map [9].

3 MULTI-LAYER STREAM MAPPING DESCRIPTION

The Multi-Layer Stream Mapping (MSM) consists in replicating the
approach used for Value Stream Mapping, but allowing the addition
of multiple layers (stream flows) that embrace environmental and
economic aspects, or other key variable, in order to assess
eco-efficiency performance.

Figure 3 characterizes an example of the application of the MSM
approach.

The values located below of the MSM line are those which do not
add value to the product (Lead Stages), i.e. representing the
"waste/misuses" of time, money or resources. On the other hand the
values that are presented above the VSM line (Process Stages) are
those that add value to the product, thus representing the “useful
consumption” of stream flow that can be analyzed in order to
assess, evaluate and quantify production efficiency and
eco-efficiency performance aspects.

One key feature of the MSM approach consists in considering
dimensionless ratios, so the higher the result for the ratio, the better
the performance of the energy, mass or time flow or other key
variable of a process or system. It should be noticed that the MSM
approach can assess, quantify and analyze environmental aspects
(energy consumption, emissions, raw material consumption etc.),
economic aspects and productions aspects one by one. This is
possible if the stream under analysis follows in the direction of the
processes stream (raw direction in the diagram), the final result of
the stream variable metric will be represented by ¢ (Figure 3).

Besides assessing individual streams, it is also possible to quantify
the efficiency performance of unit processes (Pi, P, Py), by
following the Multi-Layer Stream Mapping direction P41 ¢ (column
direction of the diagram in Figure 3).

Finally, the overall efficiency of a process sequence or system can
be evaluated by calculating the average (or other weighted formula)
of the several ¢ of the processes. This evaluation is again possible
since the results of each @, of each process, are dimensionless.

The results of ¢ in both directions (Process Stream Analysis and
Multi-Layer Stream Mapping) are Key Performance Indicators.
Therefore by analyzing and mapping environmental aspects as
streams, the outcome is a Key Environmental Performance

Indicator. The process variables that can be assessed according
to this approach are unlimited. For instance, the following
environmental aspects can take place as assessing variables:

Energy Consumption

Raw Material consumption
Fuel Consumption

CO; Emissions

Waste Generation

(.))

Beside these environmental aspects, other specific cost flows can
be added, i.e. a cost flow to assess the costs of energy consumption
only, or raw material only, thus allowing to assess specific
eco-efficiency indicators (since product value and environmental
influence are specific).

The eco-efficiency performance can be evaluated, by following the
Multi-Layer Stream Mapping direction (column direction of the
diagram in Figure 3). This approach provides a wide range of
eco-efficiency evaluation data, due to the possibility of assessing the
eco-efficiency performance of a process stage that adds value to the
product (Figure 3 - equation (a)) and/or asses the eco-efficiency
performance of the stage that does not add value (Figure 3 -
equation (b)). The global eco-efficiency performance of a process
can also be assed (Figure 3 - equation (c)). It's worth mentioning
that when assessing global eco-efficiency performance several
environmental aspects (Environmental Influences) can be added to
the denominator of the equations (c),(f) and (i) in Figure 3, in turn
the overall eco-efficiency performance of the process will arise as an
outcome of this approach.

Multi-Layer Stream Mapping Features

In order to facilitate the identification of major inefficiencies and
assess, evaluate and quantify eco-efficiency performance, visual
management interpretation for each unit process is highlighted
according to their efficiency score (Figure 4).

The global efficiency performance of the process is presented by
highlighting only the main process flow and omitting the bathtub
lines in order to present a final MSM dashboard in a simplified way
and in an even more understandable manner (Figure 5).
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For the color labels four classes were considered. The first final efficiency class is for less than 40% (red highlight). It is
efficiency class represents the range from 90% to 100% (green noteworthy to emphasize that the yellow and orange classes have a
highlight); the second efficiency class from 70% to 90% (yellow variation of approximately 50%, while the green class has a
highlight); the third from 40% and 69% (orange highlight); and the variation of 10% (see Figure 6).

Process Stream Analysis -
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$=IT
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P1
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Process 1: Process 2: Process N: Process (...):
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Figure 3: Multi-Layer Stream Mapping Approach.
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Figure 4: Global efficiency dashboard (Example).
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Figure 5: Final efficiency dashboard (Example).

Process Efficiency 100 - 90%
Process Efficiency 89 - 70%
Process Efficiency 69 - 40%

Process Efficiency <40%

il

Figure 6: Color labels ranges for the MSM diagram.
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Figure 4 is a schematic output of this approach that can be used to
assess and evaluate both data and key performance aspects. The
identification of KEPI takes place by assessing the results of the
global efficiency dashboard, in which these key indicators are
represented by the total value of each process, in each stream (i.e.
TEp1, TEpz, TCp1,TNp, as presented in Figure 3). The final efficiency
simplified dashboard (Figure 5) represents the efficiency results for
each process and layer stream, as it can also represent the overall
color indicator for each variable and for the overall industrial process
sequence. The results obtained in each stream represent, in the
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presented case, an average value of the efficiency for each unit
process, and this is determined by the overall average value of each
unit process taking into account all streams related to the process.

Another relevant aspect is that in this approach all inefficiencies and
misuses are accounted in the non-value added stages. Usually these
stages represent transportation time or pauses during productions.
Therefore, when using the MSM approach, transportation data
should be added to the other misuse/waste data in order to properly
assess the efficiency of a transportation process. In that case, if the
goal is to know with greater accuracy the transportation efficiency,
then one should add another layer stream (by adding a new variable)
or by drilldown the MSM approach (Figure 7).

4 APPLICABILITY AND STRENGTHS

The MSM approach, like the traditional VSM, can be used to identify
which processes and/or streams are less efficient, thus contributing
for decision support and allowing continuous improvement to
environmental and financial key performance indicators.

This approach can also be used for process reengineering
evaluation, since in some cases the unit processes, or even the
whole production system of a factory, have good operational results,

E.J. Lourengo et al.

but the efficiency is not as high as it could be. Therefore, using this
approach to scrutinize “how”, “where”, and “how much” can a unit
process and/or a production system improve its financial,
environmental and performance aspects, is of great importance for
decision-making.

A drilldown approach of the MSM can be executed, as cited before,
in order to, for instance, assess and identify inefficiencies and
misuses that occur along a production system, at a unit process or
in one particular stage of a production system.

One other strong point in this approach is related to the versatility of
the outcomes. In Table 1 it is noticeable that the outcome features
of this approach are suitable for presenting the data in a dashboard
or scorecard format, since its purpose, users, updates, data and
display features are very widespread. This results from the MSM
construction simplicity, that is supported by applying a lean tool
(VSM) and a lean thinking approach that highlights the value (for
any kind of process variable) in a process sequence or system.

Moreover, the target users for the MSM diagrams analysis can be
simultaneously the top and middle managers, or even the
production line workers, since its mathematical concepts and visual
attributes are straightforwardly understandable.

74% 70% 60% x%
mp| e, | e | e [ P | e [T
VA PT, PT, PT, (...) PT, Value Added Time
Time
NVA, LT, LT, | | LT, LT, | Non Value Added Time
N AN
VA| PE PE, (-..) PE, Value Added Energy
Energy
NV LE, | LE, LE, | Non Value Added Energy
e, TE,, e, |
80% 70%
Vv PC, PC, (-..) PC, Value Added Costs
Cost
A LC, | LC, LC, Non Value Added Costs
TCe, TCp, TCe, l
72% 89%
A PN PN, ( PN Value Added N
Variable N -
A LN, | LN, LN, Non Value Added N
TN, TN, TN, !
(...) (...) (...)
P, I]JJ]]ID> P, I]]]]]ﬂ} P [T (...)[D) Py
8 n n 8 n n
(...)

Figure 7: Multi-Layer Stream Mapping Drilldown.
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Feature Dashboard Scorecard MSM outcomes
i Measures performance
Purpose Measures performance Charts progress : and Charts progress
. i Supervisors, specialists,
Users Supervisors, specialists Executives, managers, and 1 executives, managers,
staff '
' and staff
Updates Right-time feeds Periodic snapshots Periodic snapshots
Data Events Summaries . Events and Summaries
. ) ) . Visual graphs, raw data
Display Visual graphs, raw data Visual graphs, comments ! and comments

Table 1: Features of Dashboards and Scorecards [7] compared with Multi-Layer Stream Mapping approach.

5 CONCLUSION

This paper presents a new approach, so called Multi-Layer Stream
Mapping (MSM) that brings a new perspective on how eco-efficiency
assessments results can be quantified by a discreet method in order
that a process sequence or a system can be easily displayed and
perceived in a multi-variable diagram. Variables such as energy, raw
material consumption and cost can be straightforwardly mapped, as
well as composed metrics, such as key environmental performance
indicators, financial and production efficiency metrics, or other kind
of relevant metrics for the analysis.

Due to the visual management attributes integration and its
mathematical simplicity, based on the well-known VSM lean tool, the
MSM can be viewed as a promoter for the importance of assessing,
evaluating and quantifying environmental aspects of an industrial
process or plant, in order to improve global industrial performance.
By assessing global performance and considering environmental
variables, together with time and cost variables, MSM can improve
economic performance. With this approach, many environmental
aspects, viewed as costs, can be reduced or eliminated from the
process if it is assessed that they don’t add value to the product.

Additionally, the demonstrated versatility of the MSM approach,
besides giving a whole new dimension to eco-efficiency assessment
perception, can be extended and applied with similar good results to
the analysis of the performance of other general processes/systems.
Other possible applications of the MSM approach can be
investigated, such as in project management, logistics, economics,
or even in financial systems analysis.

6 ACKNOWLEDGMENTS

This work was developed within the frame of the Project
PRODUTECH PSI, n° 13849 of the Program of Incentives to
Technological Research & Development, supported by the
Portuguese Agency of Innovation, to whom the financial support is
to be acknowledged.

7 REFERENCES

[11 WBCSD, World Business Council for Sustainable
Development, Vision 2050: The new agenda for business,
2010: Geneva.

[2] Lehni, Markus, Schmidheiny, Stephan, and Stigson, Bjorn,
Eco-efficiency: creating more value with less impact, 2000:
Geneva.

[3]

[4]

5]

[6]

[7]

(8]

[9]

[10]

(1]

[12]

Verfaillie, Hendrik A. and Bidwell, Robin, Measuring Eco-
Efficiency—A Guide to Reporting Company Performance,
2000, World Business Council for Sustainable Development
WBCSD: Geneva.

UNESCAP, United Nations Economic and Social Commission
for Asia and the Pacific, Eco-efficiency: A Practical Path to
Sustainable Development, 2007, United Nations publication.
Zhang, Kang, Using visual languages in management. Journal
of Visual Languages & Computing, 2012. 23(6): p. 340-343.
Russell, Alan D., Chiu, Chao-Ying, and Korde, Tanaya, Visual
representation of construction management data. Automation
in Construction, 2009. 18(8): p. 1045-1062.

Kerzner, Harold, Project Management Metrics KPls and
Dashboards, 2011, John Wiley & Sons, Inc.

Arbulu, Roberto J., D.Tommelein, Iris, D.Walsh, Kenneth, and
C.Hershauer, James, Value stream analysis of a re-
engineered construction supply chain. Building Research &
Information, 2003. 31(2): p. 161-171.

Kuhlang, P., Edtmayr, T., and Sihn, W., Methodical approach
to increase productivity and reduce lead time in assembly and
production-logistic processes. CIRP Journal of Manufacturing
Science and Technology, 2011. 4(1): p. 24-32.

Shook, John and Rother, Mike, Learning to See: Value
Stream Mapping to Add Value and Eliminate MUDA. 1999.
Abdulmalek, Fawaz A. and Rajgopalb, Jayant, Analyzing the
benefits of lean manufacturing and value stream mapping via
simulation: A process sector case study. International Journal
of Production Economics, 2007. 107(1): p. 223-236.

Braglia, Marcello, Carmignani, Gionata, and Zammori,
Francesco, A new value stream mapping approach for
complex production systems. International Journal of
Production Research, 2006. 44(18-19): p. 3929-3952.



