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Abstract. The concept of circular economy (CE) aims to close and slow resource loops
without neglecting the goals of sustainable development. Recently, the concept received
encouraging attention among researchers and business experts to be a convenient solution
to move away from the finite linear economy concept to a more sustainable solution.
However, this change of paradigm is only possible if we consider systems in a holistic
manner and can see and localize the preventing hurdles.

Value stream mapping (VSM) is a commonly known lean method, which is used to de-
velop current state visualization of product and information flows within organization,
helping to seek weaknesses and improve process flows. The motivation of this paper is a
new C-VSM model, which enables its users to evaluate and visualize connected process-
chains regarding CE on different levels in a holistic manner. For this purpose, the tradi-
tional VSM model was adapted towards the needs and requirements of CE through the
application of a new representation method, additional indicators, and an appropriated
evaluation system. C-VSM is in line with the current political and industrial objectives
to apply CE principles by enabling a holistic reflection and consideration of supply-
chains (SCs) on different levels. The model itself is validated through an extensive cross-
company case study.

Keywords: Value stream mapping (VSM), circular-economy, process-chains, supply-
chain, company

1 Introduction

The concept of circular economy is attracting more and more attention and is currently
a highly debated topic within scientific, political, and industrial communities. CE pro-
motes the responsible and cyclical use of resources [1], the longevity of products [2],
the minimization of waste [3] and this without neglecting sustainability [4]. CE is seen
as a way to overcome the current dominant economic development model, the so called
‘take, make and dispose’ [5] model, by promoting the adoption of closed and slowed
resource loops [1]. A major critique of CE is the missing uniformly accepted definition
[6], which may lead to the concept ultimately collapsing or remaining in a deadlock [7].
Furthermore, it complicates the circularity assessment and measurement of products or
process-chains, resulting in a wide range of circularity indicators [8], which may lead
to different or even incoherent conclusions [1].



The change in production systems leads to new logistical needs related to resources
and waste, as well as to the distribution and recovery of products, thus influencing the
current SCs [9]. A SC consists of all parties involved, directly or indirectly, fulfilling a
customer request [10]. The change towards circular supply chain management (CSCM)
comes up with new challenges, concerning resource efficiency, life management strat-
egies, reverse network management and sustainability [11]. One possibility to visualize
and map supply-chains is VSM [12], even with regard to sustainability [13] and CE
[14]. The VSM method was made popular by Rother & Shook [15] and was standard-
ized due to a variety of different approaches leading to misunderstanding and conflicts
within supply networks [16] within 1ISO 22468 [17]. VVSM is one of the more common
lean methods, which is used to develop current state visualizations of product and in-
formation flows within organizations [18].

This paper extends the VSM application towards the evaluation and visualization of
process-chains regarding CE on macro (supply-chain) and micro (company) level. In
doing so, it is possible to analyze SCs in a top-down manner regarding CE with the help
of VSM. The macro level allows for a holistic view and evaluation, and the micro level
provides a more detailed perspective on the individual resource flows. The different
micro VSMs are added up to one overall macro level VSM.

2 Literature review

This chapter reviews the current applicability of VSM within the scientific literature.
In this research, ‘value’ refers to the 9R-framework and the waste hierarchy [6], [19].

Typically, VSM visualizes material and information flows within companies and
focuses on time. Over time, this has been extended by further applications. The inte-
gration of CE aspects into VSM has already been done recently by other researchers.
Edtmayer et al. [20] included three re-utilization cycles for waste material into VSM.
Galvéo et al. [21] mainly focused on connecting value streams within circular business
models and their ecosystems and not on measuring the circularity of value streams.
Hedlund et al. [14] investigated how companies and industrial systems and networks
might use value stream mapping as a tool to enhance sustainability and accelerate
change towards an eco-friendly, circular economy.

In addition, a lot of focus lately lay on combining VSM with sustainability [20],
[22]-[27]. In this context, additional assessment ladders with new indicators were
added to the time assessment. The added indicators are related to materials [22], envi-
ronment [28], energy [29], water [24], emissions [22], transport [26], waste [13], effi-
ciency (OEE) [30], physical work index [24], noise level [25] and life-cycle-assessment
[25]. Other interesting fields of application for VSM are discrete event simulation [31],
industry 4.0 with dynamic value streams [32], information flows [18], [33] and multi-
layer VSMs [34].

As shown, a research gap concerning the holistic applicability of VSM within inter-
related SCs based on CE is missing. None of the listed studies can evaluate the circu-
larity of related process-chains and visualize the connection between different partners.
This essential gap is filled by the results presented in the following sections.



3 Research methodology & Findings

This chapter explains the research methodology and discusses the findings, so the new
C-VSM evaluation and visualization for macro- (Figure 1) and micro-level (Figure 2).

The research methodology is analytical and the case study structure is based on the
Yin methodology [35]. The data collection was done during 10 different company vis-
its, which are all part of PET-bottle SC-network in Luxembourg. The logic behind C-
VSM is to first map the overall resource flow throughout the SC, by starting at the OEM
on a macro level with as main information the determination of the resource flow value.
This helps to get a general overview and understanding of the SC. Afterwards, the dif-
ferent SC-partners are analyzed more in detail on a micro-level and the respective data
for each process are collected. This implies the information exchange as well between
different SC partners. The visualization itself is based on 1SO 22468:2020 and on other
mentioned VSM use cases. The evaluation with the respective indicators is taken either
from a list of indicators already integrated in sustainable VSMs or from a systematic
literature review coming up with 181 circularity measurement indicators (not yet pub-
lished). The indicators are divided into direct (related to circularity, so the resource
flow) and indirect indicators (related to sustainability, so environmental, economic, and
social aspects). In another study (not yet published), three main CE goals (close & slow
loops [1], minimized waste [36] and sustainability [6]) and two areas with a need for
action (identifying the needed collection, sorting and R-infrastructure & developing
circular product guidelines) were determined on which the indicators are dependent.

The C-VSM model uncovers overarching problems within SCs, which are only vis-
ible through the holistic applicability. The practical application was validated by the
PET-bottle case study, which highlighted the close dependencies between the end-of-
life (EOL) and the beginning-of-life (BOL). In the future, the study should be extended
to other products and sectors.

3.1 Macro-level

The macro C-VSM visualization differs significantly from traditional VSMs. The main
questions were how to depict a circular flow of resources and how to add a value de-
piction into the framework. Both were achieved by referring to the swim lane alterna-
tive [17] and the inclusion of the 9R-framework [6]. Each level of the swim lane dia-
gram represents a certain CE value, whereas the lowest level defines the overall value
of a SC. The 9R-framework is included as a vertical value-hill on the right side of the
diagram, ranging from RO (highest) to R9 (lowest). Since the three highest Rs (refuse,
rethink, and reduce) are only reachable trough an adapted design, they are depicted
collectively on the design level. The second value is the actual use-phase, during which
the product has its highest value. All other Rs are subsequently included except for the
last one, namely ‘disposal’ which has no CE value and should be avoided.

Each SC-partner is visualized as a process-box with a respective data-box, which
contains information from the micro analysis. The OEM is visualized as 1SO 22468
customer and the direct (e.g., PET-bottle, HDPE-cap) and indirect (e.g., additional
packaging foil) supplier are visualized as 1SO 22468 supplier. The user has a



completely new symbol. Depending on the respective stage, different information is
shown within the data-boxes (see fig. 1 & 2). Since the overall value is defined during
the collection and sorting process (compare a glass and PET-single use bottle), this
process is ranging from R3 to disposal. The resource flows between two SC-partners
are color coded and completed by a respective transportation symbol. A last addition is
the inclusion of two information flows, D- (active in the product/ process design) and
R-info flow (active in the resource retake), and the inclusion of certain basic product-
characteristics (e.g., material, fu, etc.), defining the product in question.

3.2 Micro-level

The micro C-VSM differs slightly from traditional VSM. Main differences are the
newly included indicators and the visualization of additional material flows. The mate-
rial flows, the same as the suppliers are divided into 4 different groups, which are color
coded. The first group represents the actual product (e.g., water; green), the second
group represents direct inputs (e.g., bottle, cap, and label; blue), the third indirect inputs
(e.q., additional foil packaging; red) and auxiliary materials (e.g., glue; black). The out-
put flows and customers are similarly divided into three groups, resources staying in
the same loop (e.g., packed bottles; black), resources going to other loops (e.g., PET-
scrap; blue) and waste (e.g., foil wraps; red). The traditional information flow is kept
and the D- and R-info flow are added to see if a link between both exists.

The used indicators are shown in Figure 1 and Figure 2 and the meaning of the ab-
breviations can be found in the appendix. Relations between micro- and macro data
exist and the indicators are mostly based on a functional unit. The CO2-equivalents are
calculated with national conversion factors and serve as rough indication. The data it-
self and the names are fictive to avoid sharing any critical information from companies.

4 Discussion & Conclusion

This paper introduces a new VSM visualization and evaluation on macro and micro
level regarding CE. This is of importance for other researchers and industrials, who
benefit from the holistic applicability of C-VSM and the insights of the case study.
Thus, the results not only help to advance the applicability of VSM but are interesting
for everyone interested in better understanding the connections and dependencies
within SCs and economic systems in general.

Currently, C-VSM was only applied within one extensive packaging use case, fo-
cusing on the main resource flow. In the future, it needs to be verified in further use
cases. At present, MS-Visio is used to draw the VSM and a connection to MS-Excel is
included for the data handling. Since this is not an ideal solution, mainly regarding the
analysis (potential improvement VSM) and optimization (future state VSM [37]) as
well as the short-, medium, and long-term perspectives for sustainability, this should
be made more interactive, allowing for the simulation of different scenarios.

A valuable extension of the current VSM applicability was presented in this paper,
which highlighted the necessity of holistic approaches to solve current CE problems.
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Figure 1. C-VSM, macro level
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Figure 2. C-VSM



References

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

G. Moraga et al., “Circular economy indicators: What do they measure?,” Resour.
Conserv. Recycl., vol. 146, no. March, pp. 452461, 2019, doi:
10.1016/j.resconrec.2019.03.045.

H. S. Kristensen and M. A. Mosgaard, “A review of micro level indicators for a circular
economy — moving away from the three dimensions of sustainability?,” J. Clean. Prod.,
vol. 243, p. 118531, 2020, doi: 10.1016/j.jclepro.2019.118531.

F. Di Maio, P. C. Rem, K. Baldé, and M. Polder, “Measuring resource efficiency and
circular economy: A market value approach,” Resour. Conserv. Recycl., vol. 122, pp.
163-171, 2017, doi: 10.1016/j.resconrec.2017.02.009.

V. Elia, M. G. Gnoni, and F. Tornese, “Measuring circular economy strategies through
index methods: A critical analysis,” J. Clean. Prod., vol. 142, pp. 2741-2751, 2017, doi:
10.1016/j.jclepro.2016.10.196.

N. M. P. Bocken, E. A. Olivetti, J. M. Cullen, J. Potting, and R. Lifset, “Taking the
Circularity to the Next Level: A Special Issue on the Circular Economy,” J. Ind. Ecol.,
vol. 21, no. 3, pp. 476-482, 2017, doi: 10.1111/jiec.12606.

J. Kirchherr, D. Reike, and M. Hekkert, “Conceptualizing the circular economy: An
analysis of 114 definitions,” Resour. Conserv. Recycl., vol. 127, no. April, pp. 221-232,
2017, doi: 10.1016/j.resconrec.2017.09.005.

F. Blomsma and G. Brennan, “The Emergence of Circular Economy: A New Framing
Around Prolonging Resource Productivity,” J. Ind. Ecol., vol. 21, no. 3, pp. 603-614,
2017, doi: 10.1111/jiec.12603.

M. Saidani, B. Yannou, Y. Leroy, F. Cluzel, and A. Kendall, “A taxonomy of circular
economy indicators,” J. Clean. Prod., vol. 207, pp. 542-559, 2019, doi:
10.1016/j.jclepro.2018.10.014.

R. Gonzalez-Sanchez, D. Settembre-Blundo, A. M. Ferrari, and F. E. Garcia-Muifia,
“Main dimensions in the building of the circular supply chain: A literature review,”
Sustain., vol. 12, no. 6, pp. 1-25, 2020, doi: 10.3390/su12062459.

S. Chopra and P. Meindl, Supply Chain Management - Strategy, Planning, and
Operation, Fifth Edit., vol. 53, no. 9. Pearson Education, 2013.

S. Lahane, R. Kant, and R. Shankar, “Circular supply chain management: A state-of-art
review and future opportunities,” J. Clean. Prod., vol. 258, 2020, doi:
10.1016/j.jclepro.2020.120859.

M. F. Suarez-Barraza, J. Miguel-Davila, and C. F. Vasquez-Garcia, “Supply chain value
stream mapping: a new tool of operation management,” Int. J. Qual. Reliab. Manag.,
vol. 33, no. 4, pp. 518-534, 2016, doi: 10.1108/IJQRM-11-2014-0171.

W. Megayanti, M. Anityasari, and U. Ciptomulyono, “Sustainable suppy chain value
stream mapping (Ssc-Vsm) the application in two bottle drinking water companies,”
Proc. Int. Conf. Ind. Eng. Oper. Manag., vol. 2018-March, pp. 3573-3585, 2018.

C. Hedlund, P. Stenmark, E. Noaksson, and J. Lilja, “More value from fewer resources:
how to expand value stream mapping with ideas from circular economy,” Int. J. Qual.
Serv. Sci., vol. 12, no. 4, pp. 447-459, 2020, doi: 10.1108/1JQSS-05-2019-0070.

M. Rother and J. Shook, “Learning to See: Value Stream Mapping to Add Value and
Eliminate Muda (Lean Enterprise Institute),” Lean Enterprise Institute Brookline. 1999,



[16]
[17]
(18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

doi: 10.1109/6.490058.

J. Mangers, C. Oberhausen, M. Minoufekr, and P. Plapper, “Creation of an ISO Standard
at the Example of Value Stream Management Method,” in Shaping the Future Through
Standardization, K. Jakobs, Ed. IGI Global, 2020, pp. 1-26.

1SO 22468, “Value stream management (VSM),” 2020.

J. Mangers, L. Thoussaint, M. Minoufekr, and P. Plapper, “MULTI-LEVEL
INFORMATION VALUE STREAM MAPPING,” pp. 147-156, 2020.

EMF, “Towards a Circular Economy: Business Rationale for an Accelerated
Transition,” Ellen MacArthur Found., p. 20, 2015.

T. Edtmayr, A. Sunk, and W. Sihn, “An Approach to Integrate Parameters and Indicators
of Sustainability Management into Value Stream Mapping,” Procedia CIRP, vol. 41,
pp. 289-294, 2016, doi: 10.1016/j.procir.2015.08.037.

G. D. A. Galvdo, A. S. Homrich, M. Geissdoerfer, S. Evans, P. S. scoleze Ferrer, and
M. M. Carvalho, “Towards a value stream perspective of circular business models,”
Resour. Conserv. Recycl., vol. 162, no. June 2019, p. 105060, 2020, doi:
10.1016/j.resconrec.2020.105060.

M. Paju et al., “Framework and indicators for a sustainable manufacturing mapping
methodology,” Proc. - Winter Simul. Conf., no. December, pp. 3411-3422, 2010, doi:
10.1109/WSC.2010.5679031.

T.J. Roosen and D. J. Pons, “Environmentally Lean Production: The Development and
Incorporation of an Environmental Impact Index into Value Stream Mapping,” J. Ind.
Eng., vol. 2013, pp. 1-17, 2013, doi: 10.1155/2013/298103.

W. Faulkner and F. Badurdeen, “Sustainable Value Stream Mapping (Sus-VSM):
Methodology to visualize and assess manufacturing sustainability performance,” J.
Clean. Prod., vol. 85, pp. 8-18, 2014, doi: 10.1016/j.jclepro.2014.05.042.

S. Vinodh, R. Ben Ruben, and P. Asokan, “Life cycle assessment integrated value
stream mapping framework to ensure sustainable manufacturing: A case study,” Clean
Technol. Environ. Policy, vol. 18, no. 1, pp. 279-295, 2016, doi: 10.1007/s10098-015-
1016-8.

J. A. Garza-Reyes, J. Torres Romero, K. Govindan, A. Cherrafi, and U. Ramanathan,
“A PDCA-based approach to Environmental Value Stream Mapping (E-VSM),” J.
Clean. Prod., vol. 180, pp. 335-348, 2018, doi: 10.1016/j.jclepro.2018.01.121.

N. Jamil, H. Gholami, M. Z. M. Saman, D. Streimikiene, S. Sharif, and N. Zakuan,
“DMAIC-based approach to sustainable value stream mapping: towards a sustainable
manufacturing system,” Econ. Res. Istraz. , vol. 33, no. 1, pp. 331-360, 2020, doi:
10.1080/1331677X.2020.1715236.

D. Lorenzon dos Santos, R. Giglio, A. L. Helleno, and L. M. S. Campos, “Environmental
aspects in VSM: a study about barriers and drivers,” Prod. Plan. Control, vol. 30, no.
15, pp. 1239-1249, 2019, doi: 10.1080/09537287.2019.1605627.

E. Mdller, T. Stock, and R. Schillig, “A method to generate energy value-streams in
production and logistics in respect of time- and energy-consumption,” Prod. Eng., vol.
8, no. 1-2, pp. 243-251, 2014, doi: 10.1007/s11740-013-0516-9.

A. A. Dadashnejad and C. Valmohammadi, “Investigating the effect of value stream
mapping on overall equipment effectiveness: a case study,” Total Qual. Manag. Bus.
Excell., vol. 30, no. 3-4, pp. 466-482, 2019, doi: 10.1080/14783363.2017.1308821.



[31]

[32]

[33]

[34]

[35]

[36]

[37]

Annex

A. L. Helleno, C. A. Pimentel, R. Ferro, P. F. Santos, M. C. Oliveira, and A. T. Simon,
“Integrating value stream mapping and discrete events simulation as decision making
tools in operation management,” Int. J. Adv. Manuf. Technol., vol. 80, no. 5-8, pp.
1059-1066, 2015, doi: 10.1007/s00170-015-7087-1.

Z. Huang, J. Kim, A. Sadri, S. Dowey, and M. S. Dargusch, “Industry 4.0: Development
of a multi-agent system for dynamic value stream mapping in SMEs,” J. Manuf. Syst.,
vol. 52, no. April, pp. 1-12, 2019, doi: 10.1016/j.jmsy.2019.05.001.

T. Meudt, J. Metternich, and E. Abele, “Value stream mapping 4.0: Holistic examination
of value stream and information logistics in production,” CIRP Ann. - Manuf. Technol.,
vol. 66, no. 1, pp. 413-416, 2017, doi: 10.1016/j.cirp.2017.04.005.

E. J. Lourenco, J. P. Pereira, R. Barbosa, and A. J. Baptista, “Using Multi-layer Stream
Mapping to Assess the Overall Efficiency and Waste of a Production System: A Case
Study from the Plywood Industry,” Procedia CIRP, vol. 48, pp. 128-133, 2016, doi:
10.1016/j.procir.2016.04.086.

R. K. Yin, Case study research and applications: Design and methods, Sixth edit. SAGE
Publications, Inc., 2018.

P. Morseletto, “Targets for a circular economy,” Resour. Conserv. Recycl., vol. 153, no.
October 2019, p. 104553, 2020, doi: 10.1016/j.resconrec.2019.104553.

1SO 22468:2020, “Value stream management (VSM).”

Table 1. Abbreviations of the different indicators

Abbreviation: Meaning:
C costs
D distance
DF deliver frequency
fu functional unit
IT idle time
LT lead time
N noise
NRG energy-consumption
PR product-weight
PT process-time
SCR scrap-rate
SL same-loop
W weight
WA waste
wcC water-consumption
O number of operators
O macro: number of process, micro: number of machines
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