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Abstract
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Inventory sizing for supply risk hedging: the Hilti case
by Carlo P1AZZA 875188

Hilti attualmente mitiga i rischi di supply disruption dimensionando le scorte
di sicurezza basandosi sulla domanda media dell’anno precedente. In caso di un
picco nella domanda durante un’interruzione della fornitura, il livello di copertura
reale puo risultare drasticamente inferiore a quello previsto. Questa tesi propone un
approccio statistico finalizzato all’ottimizzazione dell’inventario dal punto di vista
del rischio. Viene effettuata una previsione della domanda dell’anno successivo, de-
composta in tre componenti: tendenza, stagionalita e variabilita casuale. Per quanto
riguarda la tendenza e la stagionalita, & possibile reagire regolando i ritmi produt-
tivi o attraverso l'utilizzo del cycle stock. Le scorte di sicurezza connesse al rischio
vengono influenzate solamente dalla componente non prevedibile di disturbo. Ai
manager vengono proposti nuovi punti di vista a supporto della riduzione dei liv-
elli di inventario e del rischio di stockout.

Hilti currently mitigates supply disruption risks by sizing safety stocks based on
previous year’s average demand. Hence, in case of a peak in the demand during a
supplier outage, the real coverage level can be drastically lower than the expected
one. This thesis proposes a statistical-based approach to optimize the inventory on
a risk perspective. The demand for the next year is forecasted and decomposed
into three components: trend, seasonality and random variability. For the first two
elements it is possible to react by adjusting the production or by using a cycle stock.
The risk-based safety stock will be depending only on the non-forecastable noise.
Managers are provided with insights to support reduction of inventory levels and
of stockouts.
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Chapter 1

Introduction

1.1 Supply Chain Complexity

1.1.1 Fragmentation of supply chains increases risk exposure

Recent events have convincingly proved that a disruption affecting an entity at any
point in a supply chain can have direct consequences on a corporation's ability to
maintain operations, get nished products to markets or provide critical services to

customers. This effect is ampli ed in supply chains running thousands of companies
over several tiers (Juttner, Peck, and Christopher, 2003).

Fragmentation in supply chains is due to the presence of various suppliers and
component manufacturers in the creation of a nished product. Companies, located
in different geographical areas, produce parts while assembly stages are performed
elsewhere. Thanks to fragmentation it is possible to be effective on costs and gain
competitive advantages in a global market. However, fragmentation has its draw-
backs. For example, the two main critical factors affecting the performance of a
fragmented supply chain are uncertainty of lead times and supplier reliability. An
event affecting a supply chain entity or process might interrupt the operations of
other supply chain members.

FIGURE 1.1: In a fragmented supply chain network multiple-tier sup-
pliers connected with a manufacturer XY increase complexity
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Figure 1.1 illustrates a typical supply chain from the perspective of a manufac-
turer XY, including three-tier levels of suppliers/sub-supplier, where materials ow
into and through XY, and two levels of distribution, where materials ow away from
XY toward the end customer. The rst digit indicates the level and is decreasing the
closer it gets to the manufacturer, while the second one only differentiates the nodes.
The arcs are depicted as arrows indicating materials’ ow.

Modern supply chain trends such as globalization, decentralization, outsourcing
and Just-In-Time are introduced to try and make supply chains ef cient. However,
this has led to an increase in the number of exposure points (Stecke and Kumatr,
2009). Complexity within the supply chain system can be de ned as a condition
occurring due to the association of numerous inter-related and inter-dependent en-
tities in the supply system using several process inter-connections (Ghadge, Dani,
and Kalawsky, 2013).

FIGURE 1.2: An example of vulnerability nodes within
the Hilti supply chain

The complexity of the supply chain is not only due to the rami cation of its ows
but also to the nature of the nodes. Being organic entities, they can dynamically
make decisions and take actions based on their current needs and convenience. For
example, the decision of replacing a certain low performance supplier with another
one could have an impact on the whole network, leading to a completely rede ned
arcs' system. This is increasingly leading rms to consider risk management topics
in their normal business, due to the awareness that they need to rely on effective
Supply Chain (SC) to be able to compete in a global environment. Supply chain
management (SCM) is the management of material, information and nancial ows
through a network of organizations for the purpose of producing and delivering
products or services.
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The overall aim of a supply chain is the prot maximization by researching
the best balance between productivity (ef ciency) and pro tability (effectiveness)
(Manuj and Mentzer, 2008). It implies the coordination and collaboration among
functions such as production, sales, marketing, research and development, procure-
ment, logistics and nance within a network of sub-tier suppliers, logistics providers,
manufacturers, distributors, and retailers (Tang, 2006). The different entities of the
network are connected by the physical ow of materials, which reach the nal cus-
tomers in some desired form and quantity.

1.1.2 Globalization exasperates logistic complexity

When discussing SC fragmentation, it is automatically linked to globalization. Com-

panies look for cost-effective suppliers or new technologies that are often located
abroad. Therefore, companies have a global view of their supply chain, reaching
across all countries, when talking about the selection and implementation of risk
management strategies.

FIGURE 1.3: Hilti has a rather international sourcing set up

International supply chains involve more risk than domestic supply chains. In-
ventory management, border-crossing procedures, and transportation delays in case
of international logistics involve more challenges, potentially impacting product
availability, than domestic logistics.

Longer pipelines imply longer lead-time that require higher inventory. More
inventory could be not pro table especially for product types experiencing rapid
obsolescence. Longer shipping routes, transportation, and lead time affect product
availability risk (Canbolat et al., 2008). Canbolat (2008) studied the effect of glob-
alization on the SC. A global supply chain deals with additional risks due to cul-
tural, political, legal, and technological differences as well as the distance between
the outsourcing company and the supplier. A global supply chain, must face a lot
of potential delay points and uncertainties between all its stages, thus requiring an
incredible effort in coordination, communication and monitoring.
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The risk can become huge when compared to the outsourced part price. For
example, the monthly need of the component "Carbon Ribbon 83mm" is 31'500 me-
ters, corresponding to an overall monthly invoice value of 800 Swiss Francs (CHF).
Such component enters in different nished items' bills of material, and is mostly
used for the production of consumables such as injectable mortars in the chemical
anchors portfolio (Figure 1.4).

FIGURE 1.4: If one of the components in the bill of material is not
available, it is not possible to produce the nished item

However, if production of such items stops due to a shortage of this particular
carbon ribbon, the company could incur a pro t loss of 3 MCHF each month, coming
from the injectable mortars' lost sales.
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1.2 Supply Chain Vulnerability

1.2.1 Understanding key risk exposures to proactively react

Many organizations actively try to anticipate terrorism acts, product quality issues
as well as health and safety incidents. These problems potentially impact any com-
pany and cannot always be predicted or prevented.

Unexpected events can trigger new laws and regulations, which demands to ac-
tively react and adapt. Supply chain is a crucial part of organization growth and
needs to be protected as much as physical assets and employees. Supply chains are
dynamic and continuously expanding in dimension and growing in complexity. In
this context they are always vulnerable to more risks. Many threats can be identi ed
and fairly easily managed, but many others are dif cult to be spotted.

For a company, having a full visibility of its own SC is a critical mission as, it is
important to maintain a resilient SC to keep performances at high levels.

The Supply Chain Resilience Report 2018, issued by the Business Continuity In-
stitute (BCI SCR), states that over the previous 12 months, based on a sample of 589
rms in 76 countries:

56% of organizations suffered at least one instance of supply chain disruption
52% of those disruptions occur at tier 1 suppliers, 23% at tier 2 suppliers

30% of rms do not analyze the full SC to identify sources of their disruption

Although organizations continue to look for trade maximization through mod-
ernization of their SC infrastructures and processes, they also need to focus on the
increasing potential hazards, caused by fragmentation. According to the BClI SCR
2018, companies suffer disruptions mostly from a nancial point of view. However,
many professionals also record logistics and reputation impacts as long term reper-
cussions of an incident. Short term consequences of disruption are, among others,
loss of productivity, increase cost of working, and customer complaints.

Suppliers in developing countries can be more vulnerable to nancial crises due
to economic instabilities. Each kind of unpredictability has an impact on technology
limitations, inventory management, quality and transportation delays across bor-
ders. For example, due to complexity and vulnerability of international logistics,
companies increase their inventory levels to mitigate product delay risk. However,
higher inventory implies higher stock holding cost and risk of product obsolescence
and lower exibility to react to changing markets (Canbolat et al., 2008). In a global
environment the most common challenges supply chains deal with must consider
differences in economies (transfer prices, tax rates, duties, exchange rates and in-
ation), cultures, politics (stability of government, law, etc.), infrastructure (banks,
warehouses, transport agencies, etc.) and the overall competitive environment. The
competitive environment together with the high resource requirements may be a
source of big challenges in terms of customer service levels, anticipated costs and
desired pro tability (Manuj and Mentzer, 2008).
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The performances of a supply chain can be affected by various vulnerabilities,
ranging from unpredictable natural threats to economical issues or customers' trends.
Supply chain vulnerability can be de ned as “the propensity of risk sources and risk
drivers to outweigh risk mitigating strategies, thus causing adverse supply chain
consequences” (Juttner, Peck, and Christopher, 2003). Supply chain risk manage-
ment aims to address and avoid such vulnerabilities in complex and dynamic sup-
ply and demand networks, proactively by supporting robustness and reactively by
supporting agility (Wieland and Marcus Wallenburg, 2012).

1.3 Supply chain risk management practices

1.3.1 Adoption of SCRM practices is increasing trough the years

In a volatile environment of increasing complexity and vulnerability, organizations
acknowledge the importance of reporting disruptions. Firms have to take risk to
make pro t and high pro t involve bigger risk. However, it is needed to differenti-

ate between risk taken as a consequence of accurate judgment and risk taken unin-
tentionally. It is clear that supply chain risk management is a broad eld where in-
terrelations among different factors lead to the need of a systematic approach. Strict
collaboration across supply chain partners is compulsory to ensure the continuity of
the business.

In the BCI SCR reports, it is possible to observe an upward trend in terms of
emergency readiness as always more professionals address insuring nancial losses.
Furthermore, there are business continuity arrangements in place for many rms.
This positively impacts areas such as SC visibility and top management commit-
ment.

One of the highest operational risks faced by rms is the breakdown of suppliers'
production plants or at own factory premises, with the consequences of not being
able to supply their own demand. SCRM practices provide, in this context, guide-
lines on how to identify, assess, and manage potential risks that are threatening the
supply chain. Reputations issues, loss of market share and many other threats con-
tinuously push organizations towards the implementation of a set of performance
measurement standards capable to master a complex set of relationships. Compa-
nies are always more into SCRM practices in order to reduce their risk impact to a
de ned acceptable level.

1.3.2 There are still opportunities for re nement

Even if the attention towards supply chain resilience topics is continuously increas-
ing, there are still opportunities for improvement. For example, according to the
BCI SCR, strong top management commitment, one of the most important factors to
ensure resilience, has declined from last year by 7%, even though it stays within the
average value for the last 5 years (33%). Further, many companies admitted that they
do not evaluate the full extent of their supply chain in case of disruption (30%). Dif-
ferent strategies are adopted by rms to foresee potential issues and prepare to both
those risks and unforeseeable supply chain disruptions quickly and ef ciently. The
goal of the implementation of supply chain risk management practices is straight-
forward: Reducing the overall supply risk exposure to ensure business continuity
under consideration of loss expectancy and costs for risk mitigation measures.
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Hilti

2.1 The Hilti Group

2.1.1 Who s Hilti

Hilti makes construction site work simpler, faster and safer. The company devel-
ops and manufactures products, systems, software and services that provide the
construction and energy sectors with clear added value. Hilti stands for quality,
innovation and direct customer relationships.

The company was founded in 1941, and evolved from a small family company to
a world market leader in fastening and demolition technology for construction pro-
fessionals. The groups' headquarters are in Schaan in the Principality of Liechten-
stein, where Martin Hilti established the company 75 years ago and it counts roughly
28,000 employees in more than 120 countries. All company shares are in the posses-
sion of the Martin Hilti Family Trust, which ensures the long-term continuity of the
company.

FIGURE 2.1: Hilti's Net sales in CHF million
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Hilti is a direct sales approach company with over two-thirds of team mem-
bers working directly with the customers every single day. The group has roughly
250'000 individual interactions each day, meaning that many innovative ideas are
developed directly on construction sites.

FIGURE 2.2: Net sales per region

If there is a challenge on the construction site for which there is no Hilti solution,
one will be developed. This is why the company invests approximately 6 percent of
sales each year in research and development.

Products Services
Measuring systems Engineering
Drilling and demolition Fleet management
Diamond coring and cutting Hilti Tool Service
Cutting and sanding Repair service
Screw fastening systems Delivery service
Cordless technology Training and consulting

Direct fastening
Anchoring systems
Fire stop systems
Foam systems
Installation systems
Software

TABLE 2.1: Hilti products and services



2.1. The Hilti Group 9

2.1.2 Hilti business model

FIGURE 2.3: Hilti business model

Direct customer service

"We believe strongly in close and trusted relationships with our customers. We run a
direct sales model, with around 15,000 of our Hilti team members working directly
with our customers, worldwide. We work closely with our customers online, on the
phone and onsite. We also run our own string of Hilti Stores where the construction
industry can buy Hilti products directly from our own stores. Our sales reps and
eld engineers go out onsite, helping to nd solutions — whether it's choosing the
right kind of nail or designing a rebar system for a major metro system. This all gets
fed back to our design labs, so we know what's needed to create even better and
more daring projects.”

We develop and make our own products

"At Hilti we know construction is dangerous and full of challenges. So we're con-
stantly working to nd solutions to make working on site faster, easier and safer.
We run our own research and design labs, with specialist scientists and engineers
inhouse. We also work with top technical universities worldwide to share research
and push our boundaries even further. We make our own Hilti products and run
our own factories in Europe, Mexico, the USA, India and China. We also work with
external specialist suppliers, making sure that everything we make conforms to the
same very high quality standards, both inhouse and externally.”

Our people make us different

"Our people are Hilti. Our team members guide our everyday work and make our

everyday decisions. We're passionate about our work and many of us have worked
at Hilti for 10, 15, 20 years. We are strongly guided by our four Hilti values — in-

tegrity, courage, teamwork and commitment — which are lived every day, by every
team member, in every location where we work."
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Corporate Strategy Champion 2020

FIGURE 2.4: Hilti corporate strategy

Champion 2020 corporate strategy goals:

Hilti aims to achieve sustainable value creation through leadership and differ-
entiation. Market leadership through added value for Hilti customers by of-
fering products, services and software that provide superior productivity and
safety to Hilti customers and differentiate from the offering of competitors.

With this Hilti brings the core purpose statement to life: “We passionately cre-
ate enthusiastic customers and build a better future”.

In order to implement the Champion 2020 corporate strategy, the focus relies on
four areas that constitute Hilti's core competencies:

Continuous innovation in products, services and software.
Direct and partnership-based cooperation with Hilti professional customers.
Operational excellence for ef ciency and to live up to the brand promise.

A high performing global team.
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2.1.3 The Sourcing Excellence Team

Each of Hilti's eight Business Units has its own independent Supply Team. This
allows Supply Managers to dedicate themselves entirely to the BU's success.

FIGURE 2.5: Hilti has a decentralized sourcing function at BU level

However, many new sourcing methods and systems require more resources than
would be available to one individual Supply Team. Without alignment between the
BUs and joint efforts, Supply Teams could be missing out on new methods and tools
that are indispensable to further improve Hilti's cost situation and overall supply
ef ciency.

FIGURE 2.6: Initiatives and projects concerning all BUs constitute the
need for an overarching corporate function: XLSE

For this reason the Sourcing Excellence Team (XLSE) was established. It helps to
achieve operational sourcing excellence by optimizing processes and systems, im-
plementing state-of-the-art methods and developing sourcing talents. It is the cen-
tral hub for the Supply Teams within Hilti to call upon for hands-on support.
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2.2 Risk management system at Hilti

2.2.1 Hilti's risk culture supports long-term success

Hilti counts on a well established risk management process within the company.
A Risk Management Organization guarantees the existence of a responsible person
who is ultimately accountable for ensuring risks are properly managed.

One of the main targets for the RM Organization is having full visibility of the
whole potential threats for the company in order to avoid blind risk spots. This is
obtained through a risk aware corporate culture aiming to the education of stake-
holders on the value of risk ownership.

FIGURE 2.7: Risk management practices ensure pro tability and con-
tinuity of the business

The focus of risk management is on the implementation of economically con-
venient mitigation measures in order to control the risks. The overall RM process
within the company is based on a consistent decision criteria. This allows to have
a method to reduce freedom of individuals, be prepared for all possible scenarios
and proactively making decisions between acceptable risk levels and required in-
vestments to mitigate them.
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2.2.2 Risk management system ensure protection to the company

The risk management system is the overall integrated process consisting of two com-
ponents: Risk assessment and risk management. The rst one refers to methods and
tools used to identify and estimate risks and compare them with established eval-
uation criteria in order to determine their signi cance level and provide inputs to
decision makers. The second components is related to the actions to implement in
order to handle the assessed risks.

Processes to identify and manage potential events that can affect the overall busi-
ness are applied across the company. Strategies are agreed to provide reasonable
assurance regarding the accomplishment of set objectives.

Figure 2.8 illustrates the risk management system at Hilti with all its components.

FIGURE 2.8: Risk management system at Hilti divides between strat-
egy risks and occurrence oriented risks
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Strategy risks and occurrence oriented risks cover all the existing risks

Many companies do not have a well de ned differentiation between strategy and
market risksand nancial and occurrence-oriented risksd tend to combine these two
macro categories. However, by associating dissimilar risk groups, companies will
have inef ciencies due to complete different applicable methods and scenarios. This
is the main reason behind the clear distinction that, Hilti's risk management organi-
zation has.

Strategy and market riskare related to any possible source of loss that could arise
from an unsuccessful business plan. It includes the extended management team
(EMT) and the executive board (EB) and considers strategical decisions as, for exam-
ple, resource allocation or reactions to changes in the business environments. Each
business unit (BU) de nes its own strategy and makes its own assumptions. Cor-
porate development is in charge for long-term and mid-term strategy development
due to the direct sales approach of the company, while group controlling manages
the business update information ow with the executive board.

Financial and occurrence-oriented risksntain all kinds of event-based risks and
are related to: nancial issues, competition law, supply chain management, prod-
uct quality, contracts, IT, intellectual pro-perty, code of conduct, human resources,
risks threatening Hilti HQ and reputation. A risk owner (RO) is de ned for each
risk. The different risk owners are responsible to implement mitigation measures
and align among themselves on common topic. Furthermore, they are in charge to
get the needed gures to produce a yearly corporate risk management report. This
document contains descriptions of all types of risk and it is escalated at executive
board level.

Part of the risk management process and parallel to the different components of
the risk management organization is the internal audit. The aim of the internal audit
is to check risk management processes. It includes independent checks on selected
corporate risk topics and separate reporting to the board of directors.
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2.3 Supply chain risk management in Hilti

All of Hilti's activities, every day, are aimed at enthusing customers. The strategic

aim is sustainable value creation through market leadership and differentiation. For

a direct sales organization such as Hilti, keeping promises to customers is a critical
mission. For such reason, Hilti developed its own supply chain risk management

(SCRM) process to protect itself from any supplier's disruption and assure its cus-
tomers always an excellent service.

Hilti's SCRM process focuses on four main possible loss types. The rst category
includes all the elementary losses that could happen in the supply chain, for exam-
ple, a re at a supplier's production plant or warehouse and for which the standard
approach requires periodical audits and insurance coverage. Second category is rep-
resented by nancial issues of suppliers, for which generally Hilti monitors credit
ratings or safeguards tooling of own property. The last two loss types included in
the SCRM process are termination of contract and forced disruption. The rstis re-
lated to suppliers who do not meet minimum contractual delivery duties and the
second to all the remaining issues not yet included in the previous categories.

The common mitigation measures for all the four categories are increasing the
safety stock and having an alternative source to switch in case of need. In gure
2.9 a summary of scenarios and related mitigation measures considered in the wide
available risk management literature and applied by Hilti is presented.

FIGURE 2.9: Hilti has learned the merits of risk management



16 Chapter 2. Hilti

Hilti's SCRM approach focuses on the effect of the realization of the critical event
and on the impact on that event on company performances. The main focus of the
whole process is the lost pro t associated with the incident. Such an event can affect
the ability to match supply with demand and so having consequences on the whole
business, due to potential extensive loss of image and reputation. Each disruption,
then, can not only affect operations but generally results in nancial damage well
beyond the immediate operational impact.

2.3.1 Manage supply chain risk at a glance

With the ever-expanding globalization and specialization of suppliers a process to
effectively address business interruption risk is needed in order to keep the pace
with the industry. The Hilti's supply chain risk management process addresses the
most important steps (Figure 2.10) in analyzing and mitigating risks for suppliers,

plants and warehouses.

FIGURE 2.10: Hilti risk management process steps

To measure the business risks that evolve from supplier related events, the busi-
ness interruptionor Bl risk indicator has been introduced. It is calculated for each
supplier and it refers to the pro t loss impacting the company as a consequence of
lost sales due to the considered supplier's disruption.

The model based on the Bl gure is widely explained in section 2.3.4. It is based
on the mean time to recoverr MTTR, de ned as the time needed for the company to
come back to the initial supply condition after a supplier's disruption occurs.

All critical suppliers are tracked on a speci cally designed tool, namely Bl-risk
tool, to better target the risk assessment process and effectively assess risk mitigation
measures in a straightforward accessible manner. The Bl-risk tool allows supply
managers to view the Bl indexes for each of their suppliers, providing the mean
time to recover gures in case of elementary lossMTTRe - and insolvency- MTTRI -
as well as other information.

This systematic approach for supply chain risk management allows the company
to reduce the need to estimate the likelihood of low probability and high impact
events, by evaluating the rm's vulnerability if a disruption occurs across its supply
chain.
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Process performance indicators

Process performance will be measured based on the following key data:
Mean Time to Repair, or MTTR
Business Interruption rate, or Bl

In addition, the tactical supply manager is responsible for the quality of the risk
mitigation measures.

2.3.2 Central steering of the safety stock rede ne the SS in the plants
based on the disruption risk

Safety stock (SS) settings are always made on the component level. The rst safety
stock calculation is done by the production plant where the availability of compo-
nents is needed in order to keep production going. This calculation is done by using
different methods depending on the speci c case. Methods include demand vari-
ability, lead time variability and many other parameters but not supplier's disrup-
tion risk. Detailed safety stock calculation methods are explained in section 2.4.3.

FIGURE 2.11: If an item has stable demand, replenishment occurs
before SS is consumed. Due to a sales peak, SS is consumed

FIGURE 2.12: If an item has stable lead time, replenishment occurs
before SS is consumed. Due to a delayed delivery, SS is consumed
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In the central steering of the safety stock, the information on calculated SS in the
plant is aggregated at supplier level and used as input for the Bl risk process. Based
on considerations on Bl risk and MTTR, mitigation measures are de ned. One of the
most relevant risk mitigation measures applied to almost all suppliers is, as shown
in gure 2.9, the safety stock.

For all the critical suppliers, the safety stock level de ned in the production plant
is rede ned to take into account the disruption risk. A new safety stock coverage is
determined at supplier level, dis-aggregated at component level and communicated
back to the production plant. Materials managers in the production plant manually
update the SS information and implement the new required safety stock, that at this
point considers also the disruption risk at suppliers.

The central steering of the safety stock is an effective method to de ne mitiga-
tion measures at strategic level but presents some weak points. When a new safety
stock level is de ned to mitigate the risk, the process considers annual average de-
mand and excludes uctuating demand patterns. This way the SS centrally steered
is de ned based on constant turnover.

In the following sections the already established process is explained in detalil
and in section 2.5 the issue investigated on the thesis is presented.

2.3.3 Selection of the critical suppliers depends on business interruption
index

Focusing only on the purchase volume to list the main risky suppliers, as in various
classical selection methods available in the literature, would lead to material expo-
sures hidden among the other suppliers. As result, the company would not be able
to reliably identify where the exposures are and which will be their impact. More-
over, as also con rmed from a wide literature review, supply managers seem having
a natural tendency to underestimate the likelihood of low-probability, high-impact
events. These phenomena combined with the dif culty to access detailed data from
sub suppliers led Hilti to the development of a vulnerability-based analysis into his
supply chain risk management process. In this analysis the company focuses on
understanding the quantitative impact, in monetary terms, of a disruption.

In the Hilti's supply chain risk management process, suppliers are listed based
on a speci cally de ned index, namely business interruption index (BIl) and de-
scribed in Section 2.3.4, regardless of the disruption source or the purchasing volume
gures.

The Bl index is de ned considering that the impact of a disruption often does
not depend so much on the disruption cause but more on its duration. Moreover,
the mitigation measures that the company would employ in case of realization of
the disruption event are also potentially not related to the speci ¢ disruption causes.
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