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Abstract

Production ramp-up is challenged by several hurdles such as unpredicted events to achieve targets like providing on-time service
in critical situations and under budget constraints. The interrelated concepts of resilience, agility and risk management increase the
ability of the system to handle the changes effectively. Therefore, in order to successfully manage production ramp-up particularly
in high variety environments, resilience, risk, and agility should be considered in a holistic way. This will help address complexity
and uncertainty underlying manufacturing and service operations. This paper aims to fill this gap by reviewing the literature and
reporting on the basic concepts and interrelationships of resilience, agility, and risk management in the ramp-up phase. Ultimately,

the paper aims to lay some foundations for further research in the crossing of these areas.
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1. Introduction

Nowadays, companies to win the market competition have
to raise the variety of their offering to satisfy a larger panel of
customers by presenting more individualized products [1].
Among the critical steps of the marketing of individualized
products is the ramp-up phase, particularly in terms of when
and how it should be conducted [2]. However, production
ramp-up management is confronted with several challenges
such as uncertainty on both demands and on capacity [3]. For
instance, these uncertainties may lead to problems in product
quality and therefore the associated cost should be taken into
account in the definition of ramp-up budget. Agility and
robustness play a major role in handling uncertainties on time
in production systems [4]. An important consequence of agility
is a quick response to environmental changes like customers’
demands, supplier changes, pricing pressure, etc. In contrast,

2212-8271 © 2021 The Authors. Published by ELSEVIER B.V.

the aim of a robust process is the reduction or avoidance of any
destructions. The concept of resilience is propounded to
combine both agility and robustness to increase the ability of
the system to handle the changes effectively [5, 6].

Resilience is closely related to and relying on risk
management. Authors such as [7] explored bankruptcy
situations in the construction industry of Belgian companies
and revealed that the lack of effective handling of uncertainty
by risk management was one of the major reasons of the
bankruptcies. Risk management supports the identification of
risk factors and their impacts during the ramp-up as well as
suitable solutions [8].

In order to successfully manage production ramp-up
particularly in high variety environments, resilience, risk, and
agility should be considered in a holistic way. This will help
address complexity and uncertainty underlying manufacturing
and service operations. According to the authors’ best
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knowledge, no review paper is available to cover production
ramp-up considering these three concepts altogether. This
paper aims to fill this gap by reviewing the literature and
reporting on the main basic concepts and interrelationships of
resilience, agility, and risk management in the ramp-up phase.

The remainder of the paper is organised as follows, Section
2 describes the research methodology. Section 3 reports on the
results of literature review. Section 4 discusses the identified
papers out of the literature review. Finally, Section 5 provides
conclusion and propositions for future work.

2. Research methodology

The aim is to conduct a systematic literature review to shed
more light on resilience, risk and agility in ramp-up
management. The approach proposed by [9] is identified as
appropriate for the current research. They described that each
systematic literature review has four steps: material collection,
descriptive analysis, category selection and material
evaluation. The literature search approach used to extract the
relevant articles is iterative to refine the search parameters (e.g.
key words, date of publication, etc.). The different steps of the
procedure to extract the articles are presented as follows and
the articles are summarized in table 1:

1. Definition of the scope: The databases and the
journals are chosen such that they are representative
of the research. The applied databases and search
engines are Science Direct, Scopus, and Google
Scholar.

2. Paper selection: The keywords used include the
following risk, agility, resilience, ramp-up. The first
filtering criterion of the papers is the time span; only
papers published between 2004 and 2021 were
selected. These include journal and conference
papers. An initial search of the databases resulted in a
total number of papers of 38 papers. 7 papers out of
these are associated with risk analysis, risk
management, challenges of risks in ramp-up
production. 20 papers are concerned with the
resilience concept (not only in ramp-up management
due to the lack of studies). 13 papers of the studied
articles are related to agility and its challenges in
ramp-up management (see Figure 1). The papers
cover fundamental studies or applications to
industries such as automotive or electronics.

M Risk
W Agility
Resilience

Figure 1. Covering papers of three subjects

Table 1. Summary of the identified papers

Reference Risk Agility Resilience Ramp-up
[1 *
[2 *
[3] * *
[4] * *
[5] * *
[6] * *
[7] * * *
[8] * *
[9] *

[10] * *
[11] * *
[12] * *
[13] * *
[14] * *
[15] * *
[16] * *
[17] * *
[18] * *
[19] * *
[20] * *
[21] *
[22] *
[23] *
[24] *
[25] *
[26] *
[27] *
[28] *
[29] *
[30] *
[31] *
[32] *
[33] *
[34] * *
[35] *
[36] *
[37] * *
[38] * * *

3. Results from literature review
1. Resilience

In today’s complex manufacturing environment, failure and
uncertainties become more frequent. On the one hand,
including some approaches to handling these uncertainties is
vital and on the other hand, having a resilient system is
important. Resilience deals with unexpected challenges by
presenting solutions to adversities. The resilience concept is
identified by what, why, and how a system reacts when facing
failures [10]. Hence, recognizing its characteristics was a
challenge for researchers [11]. This concept has been applied
in various areas; some researchers have included resilience as
an attribute to deal with personal stress in enterprises [12] while
[13-15] investigated through the topic of supply chain and
controlling natural disasters. By exploring in the literature, it
was seen that the resilience concept was addressed not only in
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ramp-up but also in production systems at large. Therefore, the
remainder of this section will focus on the large area of
production systems.

Resilience of production systems relies on drivers such as
closed loop of the tasks in production control, functional map
of production control tasks, implementation of robust
processes. An interesting point in [15] was the combination of
two opposite concepts namely agility and robustness in
resilience. The authors found that -creating standard
information in production ramp-up about the process of
material flows has an effective role to set resilience system.
Other authors studied the impact of several factors on system
resilience [16, 17]. Among the growing orientations in
production systems is the combination of resilience and lean
production strategies. The impact of this combination on the
maintenance and performance of the whole system was
reported on in [18, 19].

Resilience is one of the drivers to achieve sustainability in
the industry [20]. To assess this driver, [21] proposed a fuzzy
model to reach the value of resilience factors. The authors
determined that the suggested mathematical model could not
give appropriate results while using a conceptual model could
be more suitable. [22] studied the resilience of human machines
during perturbations. Some series of possible learning
scenarios were proposed to improve the resiliency of the
system.

2. Risk Management

Customers’ requirements are increasing day to day which
lead to tough competition and frequent product development
and ramp-up projects [1]. This results in larger number of
product variants and recurring changes [3]. Therefore,
manufacturers have to cope with products that are more
complex in less time with less money and make sure to start
production (SOP) on time.

Risk management is a key factor in the ramp-up of
production to reduce uncertainties and disruption in the
manufacturing systems. Early identification and minimization
of the risks of ramp-up can lead to effective actions and suitable
response strategies during the transition step [23]. In
production systems such as in the automotive sector, if a price
for each product is considered 25.000€ and 25000 cars are
produced per month, 44€ million will be lost if the manufacture
is undertaken a risk of SOP reduction to obtain a return on the
sale of 7% besides reduction of the product life cycle in one
month [24].

There are different approaches to risk management that
depend on the applied sector; for example in car manufacturing
top-down risk analysis is commonly used to model the risks
[24]. Risk management approaches (top-down) in ramp-up
projects of car manufacturing can be categorized into four
models [24], 1) Planning and organizational models, 2)
coordination models, 3) knowledge management models, and
4) central defects and need for action were considered in the
paper. In automotive sector, surveys can be used to determine
and model risks in the sub-process of pre-series logistics [25].
In hybrid manufacturing technologies, ramp-up production is

more challengeable than single products. [26] proposed a
systematic design approach to hybrid manufacturing and
software a method was suggested to evaluate the risks in the
ramp-up production.

3. Agility

Unpredicted events in the ramp-up phase prevent the system
from obtaining targets on time. Agility is likely to help
companies deal with unpredicted events and reach time-to-
volume without exceeding the ramp-up budgets [27].
Furthermore, agility can provide the right product at the right
time [28]. [29] studied agility application in the metallurgy
industry. It was shown that early and reliable information on
product and process maturity has an important impact on ramp-
up production.

The papers report on several approaches to improve the
agility in production ramp-up. Analysis of the manufacturing
context and proposing data system implementation is one of the
approaches applied in electronics manufacturing systems
studied by [30]. [31] proposed creating a relation among
critical parts of supply networks and operational activities for
production ramp-up through a conceptual experimental
framework. They argued that systematic ramp-up production is
very important to achieve time-to-volume. In the ramp-up
phase of physical products for the agile product development,
[32] proposed an adaptive engineering change management
(ECM). This approach is guided by the following initial
questions: What is the data structure? How processes are
implemented and what are the roles? Finally, what are the
communication tools? Based on these challenges a three-layer
model with a responsive design was proposed [32]. Collecting
real-time data via approaches of industry 4.0 can support the
learning and decision-making process to improve the agility in
ramp-up production [33]. [27] mentioned two challenges in
agile production ramp-up; the first one is the identification of
adjustment levers to manage the uncertainties in production
ramp-up and the second one is to develop a concept to stop a
predetermined design in the contract.

4. Discussion

The previous sections shows some commonalities as well as
complementarities between the various concepts. For example,
what can be observed in the literature of agility is the focus on
timely response to change and change management to survive
and dealing with diversities [34] to satisfy the market needs.
Indeed, in agility, the speed of responding to the changes is
more important than resilience [35, 36]. [37] clarified different
and common features in agility and resilience concepts in the
supply chain that interested readers can refer to. In Figure 2 the
common and distinctive features of the two concepts are
illustrated.
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Figure 2. Common and distinctive features of agility and resilience
[36]

Manufacturing and service operations are becoming
exponentially more complex. This adds to the challenges ahead
of academics and practitioners in the broad field of industrial
management. More specifically, ensuring the resilience of the
system, be it a production system or a supply network, is
confronted with more difficulties such as the uncertainty
induced by changing enterprise operating environment and
evolving customer requirements. Therefore, a holistic approach
integrating resilience, agility, and risk criteria is required for
manufacturing and service companies. The ramp-up phase as a
driver of product introduction in the market should integrate
these criteria.

To this end, the interrelationships between resilience,
agility, and risk should be explicitly defined to unleash their
synergies. From a more practical point of view, these criteria
should be taken into account at various levels during ramp-up,
organizational, information system, and operational levels.
This perspective could benefit from existing works such as [26,
38].

The literature review presented in this paper, uncovered also
some thematic areas, which might need further investigation;
this includes learning and human factors, risk, and
sustainability. The learning process has a prominent impact on
production ramp-up particularly from an agility point of view.
The learning process affects heavily the adaptation of
personnel when unpredictable events occur during ramp-up.
Moreover, in the ramp-up phase, to handle risks one should
have a comprehensive view of various risk factors to provide
appropriate mitigation plans limiting temporal and financial
changes. Furthermore, sustainability in ramp-up production has
not been investigated extensively in the literature. Hence, there
is a research potential in the literature. Among the questions to
be addressed at this point, can be cited the following, how
sustainability can be still improved during ramp-up? How
sustainability assessment can be integrated within the triptych
resilience, agility, and risk? [38].

Finally, most of the addressed case studies are in electronics
or automotive sectors. The critical situation due to COVID-19
showed that agility, risk, and resilience in ramp-up production
should be included in new industries (ex. ventilators). It is an

important lack in the literature that can be addressed in future
research work.

5. Conclusion

This paper presented and discussed a literature review of
resilience, agility, and risk in production ramp-up. The vast
majority of the reviewed studies support that all three concepts
are a key for ensuring enterprise competitiveness, particularly
under critical conditions. However, the further investigation
involves addressing the interrelationships of these concepts to
unleash their synergies and to adapt to changing environments.

Acknowledgements

This work is partly supported by the German-French Academy
for the Industry of the Future through RAMP-UP Seed project
(https://www.future-industry.org/research/advanced-
manufacturing/ramp-up/).

References

[1] ElMaraghy, H., Schuh, G., EIMaraghy, W., Piller, F., Schonsleben, P.,
Tseng, M., Bernard, A.Product Variety Management. CIRP Annals-
Manufacturing Technology, 62(2): 629-652, 2013.

[2] Lanza, G., Sauer, A. Simulation of Personnel Requirements during
Production Ramp-up. Production Engineering, 6/4-5: 395-402, 2012.

[3] VDA: FAST 2025 - Massiver Wandel in der automobilen
Wertschopfungsstruktur. Europa bleibt starker Industriestandort und
behalt F&E-Vormachtstellung.
URL:http://www.vda.de/de/meldungen/news/20121114-2.html
[Date:10.05.2013].

[4] Herrmann, C., Wenda, A., Bruns, H., Weinhonig, K. Ramp-up Failure
Rate. Einfihrung einer Qualitatskennzahl fur den Produktanlauf. In:
Zeitschrift fur wirtschaftlichen Fabrikbetrieb ZWF. Miinchen: Hanser;
Vol. 104. 6. 454-458, 2009.

[5] Bhamra, R., Dani, S., Burnard, K. Resilience: The concept, a literature
review and future directions. International Journal of Production
Research. 49 (18), 5375-5393, 2011.

[6] Ivanov, D., Sokolov, B., Ké&schel, J. Adaptation-based supply chain
resilience. In Supply chain safety management. 267-287. Springer,
Berlin, Heidelberg, 2013.

[71 Dewaelheyns, N., Van Hulle, C. Legal reform and aggregate small and
micro business bankruptcy rates: evidence from the 1997 Belgian
bankruptcy code. Small Business Economics. 31(4):409-24, 2008.

[8] Schatteman, D., Herroelen, W., Van de Vonder, S., Boone, A.
Methodology for integrated risk management and proactive scheduling
of construction projects. Journal of construction engineering and
management. 34 (11):885-93, 2008.

[91 Govindan, K., H. Soleimani, and D. Kannan. Reverse logistics and
closed-Loop supply chain: A Comprehensive Review to Explore the
Future. European Journal of Operational Research 240: 603-626, 2015.

[10] Zhang, W, J., Van Luttervelt, C, A. Toward a resilient manufacturing
system. CIRP annals. 60(1):469-72, 2011.

[11] Coutu, Diane L. How Resilience Works. Harvard Business Review. 46-
55, 2002.

[12] Sheffi, Yossi. The Resilient Enterprise: Overcoming Vulnerability for
Competitive Advantage. Cambridge, MA: The MIT Press, 2005.

[13] Christopher, Martin, and Helen Peck. Building the Resilient Supply
Chain. The International Journal of Logistics Management 15 (2):1-13,
2004.

[14] Rice, J-B., Caniato. F., Building a Secure and Resilient Supply Network.
Supply Chain Management Review. 22-30, 2003.

[15] Heinicke, M. Implementation of resilient production systems by
production control. Procedia CIRP. 9:105-10, 2014.

[16] Heinicke, M. Influence of shifts in production programs on the resilience
of production systems. Procedia CIRP, 41:117-122, 2016.

[17] Dinh, L, T., Pasman, H., Gao, X., Mannan, M, S. Resilience engineering
of industrial processes: principles and contributing factors. Journal of
Loss Prevention in the Process Industries.25 (2):233-41, 2012.



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

E.Jelodari Mamaghani, K.Medini/ Procedia CIRP 00 (2019) 000-000 5

Zarrin, M., Azadeh, A. Simulation optimization of lean production
strategy by considering resilience engineering in a production system
with maintenance policies. Simulation, 93(1): 49-68, 2017.

Azadeh, A., Yazdanparast, R., Zadeh, S. A., Zadeh, A. E. Performance
optimization of integrated resilience engineering and lean production
principles. Expert Systems with Applications, 84: 155-170, 2017.
Perrings, C. Resilience and sustainable development. Environment and
Development economics, 11(4): 417-427, 2006.

Aleksié¢, A., Stefanovié, M., Arsovski, S., Tadi¢, D. An assessment of
organizational resilience potential in SMEs of the process industry, a
fuzzy approach. Journal of Loss Prevention in the Process Industries.
26(6):1238-45, 2013.

Ouedraogo, K, A., Enjalbert, S., Vanderhaegen, F. How to learn from
the resilience of Human—Machine Systems?. Engineering Applications
of Artificial Intelligence. 26(1):24-34, 2013.

Elstner, S., Krause, D. Methodical approach for consideration of ramp-
up risks in the product development of complex products. Procedia
CIRP. 20:20-5, 2014.

Von Cube, J, P., Schmitt, R. Execution of ramp-up projects in day-to-
day operations through a quantitative risk management approach.
Procedia CIRP. 20:26-31, 2014.

Filla, P., Klingebiel, K. Risk profiles for the pre-series logistics in
automotive ramp-up processes. Procedia CIRP. 2014; 20:44-9.

Nau, B., Roderburg, A., Klocke, F., Park, H, S. Risk assessment of
hybrid manufacturing technologies for ramp-up projects. CIRP Journal
of Manufacturing Science and Technology. 5(4):228-34, 2012.

Bergs, T., Apelt, S., Beckers, A., Barth, S. Agile ramp-up production as
an advantage of highly iterative product development. Manufacturing
Letters. 27:4-7, 2021.
Agarwal, A., Shankar, R., Tiwari, M. K. Modeling agility of supply
chain. Industrial marketing management, 36(4): 443-457, 2007.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Kremsmayr, M., Dronhofer, A., Mitterer, N., Ramsauer, C. On the
application of agility principles in ramp-up management: Approaching
the challenges in the high-end powder metallurgy industry. Procedia
CIRP. 51:85-92, 2016.

Helo, P. Managing agility and productivity in the electronics industry.
Industrial Management & Data Systems. 2004.

i, H, H., Shi, Y, J., Gregory, M., Tan, K, H. Rapid production ramp-up
capability: a collaborative supply network perspective. International
Journal of Production Research.52 (10):2999-3013, 2014.

Schuh, G., Gartzen, T., Soucy-Bouchard, S., Basse, F. Enabling agility
in product development through an adaptive engineering change
management. Procedia cirp.63:342-7, 2017.

Schmitt, R., Heine, 1., Jiang, R., Giedziella, F., Basse, F., Voet, H., Lu,
S. On the future of ramp-up management. CIRP Journal of
Manufacturing Science and Technology. 23:217-25, 2018.

Herbane, B. Rethinking organizational resilience and strategic renewal
in SMEs. Entrep. Reg. Dev. 31: 476495, 2019.

Shekarian, M., Nooraie, S.V.R., Parast, M.M. An examination of the
impact of flexibility and agility on mitigating supply
chaindisruptions.Int. J. Prod. Econ.220, 10743, 2020.

Miceli, A., Hagen, B., Riccardi, M. P., Sotti, F., Settembre-Blundo, D.
Thriving, not just surviving in changing times: How sustainability,
agility and digitalization intertwine with organizational resilience.
Sustainability, 13(4): 2052, 2021.

Gligor, D., Gligor, N., Holcomb, M.., Bozkurt, S. Distinguishing
between the concepts of supply chain agility and resilience.Int. J.Logist.
Manag. 30: 467-487, 2019.

Mubarik, M.S., Naghavi, N., Mubarik, M., Kusi-Sarpong, S., Khan, S.A.,
Zaman, S.1., Kazmi, S.H.A. Resilience and cleaner production in industry
4.0: Role of supply chain mapping and visibility. Journal of Cleaner
Production, 292, 2021.





