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• Introduction

• Four global trends in maintenance and why we should care

• Digitalization and beyond

• Service BoMs, Spares catalogues and Digital Twins

• Spare Part and Asset Life-cycle

• Inventory management and forecasting intermittend demand

• Eight recommendations for effective spare parts management

What I have to say?



SPARE PARTS IN ROLLING STOCK LCC

Cleaning

Technical management

Maintenance 
and spare parts

Fuels and Energy

Depreciation

7%

11%

30%

30%

23%

Source: Oliver Wyman/www.railway-technical.com.

Train Life-Cycle Cost
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DIGITALIZATION



DIGITALIZATION

An example of
digital

maintenance 
architecture in a 
railway operator



DIGITALIZATION



DIGITAL MAINTENANCE PROCESS 
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DIGITALIZATION

Architecture
used for

implementation
of IBM Maximo



DIGITALIZATION

Coping with
digitalization
debt?

Creating
added value through

digitalization?



DIGITALIZATION BEYOND LIMITS OF OUR ORGANIZATION

DIGITALIZATION BEYOND LIMITSASSET OWNER
ASSET 

OPERATOR
ASSET 

MANUFACTURER

LCC &
MTBFs

Service
BoMs

Spare 
parts e-
catalogs

Digital 
Twins



DIGITAL TWIN AS PRESENTED BY PAUL DAUGALIS



3D SPARE PARTS CATALOGUE



3D SPARE PARTS CATALOGUE = E-SHOP FOR SPARES 



CRASH PARTS IN 3D SPARE PARTS CATALOGUE

High risk 
of crash

Critical
parts

Large
parts, 
tricky to 

store

Unpredictable?



TRAM CRASH PARTS: BAD THINGS COME IN TWO

CRASH OF 2 TRAMS = DOUBLE DAMAGE



TRAMS WITH ANTI-COLLISION SYSTEMS

LiDAR + HD-camera + precise localisation

Škoda ForCity Plus 52T



ASSET MANAGEMENT BALANCE

MAINTAINABILITY

MAINTENANCE
SUPPORT

RELIABILITY

ORGANIZATION PROVIDING MAINTENANCE
OWNER
OPERATOR

PHYSICAL ASSET
DESIGN
MANUFACTURER

COST

COSTCOST

MTBF MTTR



SPARE PARTS IN ROLLING STOCK LCC

Cleaning
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LIFE-CYCLE COSTS

30 YEARS?

ACQUISITION OPERATION

10% 90%

+MORE?

COST?



MAINTENANCE COSTS DURING ASSET LIFE-CYCLE
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Replacement

Cost of
maintenance
1% - 3%
of CAPEX yearly?

Asset life-cycle

Expect increasing maintenance 
cost as the asset is aging

Spare parts 
inventory 1-3%
of CAPEX
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DEALING WITH AGING ASSETS



PROCUREMENT

MAINTENANCE

RENOVATION

MAINTENANCE 
CREATES VALUE!

ASSET LIFE CYCLE

CONCEPT + DESIGN + 
ENGINEERING + 

MANUFACTURING

ASSET LIFE CYCLE



PROCUREMENT

MAINTENANCE

RENOVATION

COST

SALVATION 
VALUE? PROFIT?

ASSET LIFE CYCLE

CONCEPT + DESIGN + 
ENGINEERING + 

MANUFACTURING



PROCUREMENT

MAINTENANCE

RENOVATION

COST

SALVATION 
VALUE? PROFIT

CONCEPT + DESIGN + 
ENGINEERING + 

MANUFACTURING

PROFIT IS THE RESULT 
OF ALL STAGES OF 
ASSET LIFE-CYCLE



SPARE PARTS LIFE-CYCLE

INTRODUCTION OPERATIVE USE OBSOLESCENCE

Possible impact

Our attention

SPARE PART LIFE-CYCLE

Service
BoMs

Spare 
parts e-
catalogs

Digital 
Twins



MANAGING STOCK AND REPLENISHMENT

STOCK

400

200

0
DAYS 10 20 30 40 50 60

Order sent Order sent
Average stock

Goods deliveredGoods delivered

No impact
to risk!

Balance stock 
levels with 

frequency of 
ordering



ECONOMIC ORDER QUANTITY

Ordering cost
(transportation)

Inventory 
holding cost

(warehousing)

Total cost

Ordering
daily

Ordering once
a year

Order size [pcs]



SPARE PARTS WITH INTERMITTENT DEMAND

Monthly consumption history (months)
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What reorder level should be set in order to ensure required availability of this spare?



BOOTSTRAPPING: SAMPLING FROM HISTORY

Monthly consumption history (months)
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Bootstrapping = Spare consumption for lead-time period is randomly sampled from the history of 
consumptions.

Sample 1: 
Consumption in
6 months = 5 pcs

Example: 
SP lead time is 

6 months



BOOTSTRAPPING: SAMPLING FROM HISTORY

Monthly consumption history (months)
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Bootstrapping = Spare consumption for lead-time period is randomly sampled from the history of 
consumptions.

Example: 
SP lead time is 

6 months

Sample 2: 
Consumption in
6 months = 0 pcs



BOOTSTRAPPING: SAMPLING FROM HISTORY

Monthly consumption history (months)
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Bootstrapping = Spare consumption for lead-time period is randomly sampled from the history of 
consumptions.

Example: 
SP lead time is 

6 months

Sample 3: 
Consumption in

6 months = 12 pcs



BOOTSTRAPPING: SAMPLING FROM HISTORY

Monthly consumption history (months)
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Bootstrapping = Spare consumption for lead-time period is randomly sampled from the history of 
consumptions.

Example: 
SP lead time is 

6 months

Sample 3: 
Consumption in

6 months = 12 pcs

Sample 4: 
Consumption in
6 months = 2 pcs



RESULT OF 100 000 SIMULATIONS OF CONSUMPTION

Target: SP availability (Service level) = 99%

OPTIMUM INVENTORY = 9 PCS

Consumption during leadtime (pcs)

C
u

m
m

u
la

ti
ve

p
ro

b
ab

ili
ty

 o
f 

co
n

su
m

p
ti

o
n

Fr
eq

u
en

ci
es

o
f

co
n

su
m

p
ti

o
n

(f
ro

m
 s

im
u

la
ti

o
n

)



Bootstrapping application examples

99.9% availability

Before:      17 000 EUR (49 pcs)

Spare part lead-time:  32 days

After: 10 000 EUR (29 pcs)

Savings: 7 000 EUR



Všechno bude.Minimum level 2 pcs



SPARE PARTS LIFE-CYCLE

INTRODUCTION OPERATIVE USE OBSOLESCENCE

Possible impact

Our attention

SPARE PART LIFE-CYCLE

Obsolescence
management

process

Service
BoMs

Master 
data



More preventive maintenance! Forecast future consumption 
of your spares and set-up stock levels

Sort out problems in spare parts 
processes and life-cycles – digitalize!

Use bootstrapping set levels
of intermittent demand items

Do proper segmentation
of your spare parts portfolio

Think in the context of
whole life cycle of your assets

Eight elements of good Spare Parts Management

Identify critical spares: 
Which spares are important?

Digitalize maintenance and asset 
management processes and make 
use of support from manufacturers



THANK 
YOU!
Tomáš Hladík
Logio
hladik @ logio.cz
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Demographics in CZ: How people move

People move from there

People want to live here



Demographics in CZ: Where are youngs?



Demographics in CZ: Where are youngs?
2021

Gap of
qualified
personnel

60+20+ 40+



Demographics in Egypt

No gap of headcount, but what 
about skills and qualifications?
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DECARBONIZATION



DECARBONIZATION

DIGITALIZATION
DEALING WITH 
AGEING ASSETS

DEMOGRAPHICS DECARBONIZATION



THANK 
YOU!
Tomáš Hladík
Logio
hladik @ logio.cz
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