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ASSIGNMENT

Problem definition:

In a production plant:

- fleet of AGV (Automated Guided Vehicle) is operated, different generations of
technology and ages between 3 and 12 years

- availability of spare parts for older generations is not further guaranteed by
suppliers

- missing decision-making bases for fleet renewal with optimal cost balance
between maintenance cost and investment for renewal of a unit

Illustration of AGV handling equipment (source: SSI SCHAFER)

Solution:

Systematic approach - Plan for conceptual fleet renewal, comparison of scenarios for
asset replacement in terms of minimal costs
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ASSIGNMENT

Project purpose - “Why"”: Ensuring stable operation of driverless handling equipment meeting needs of logistics
and production processes and Optimization of costs of driverless handling equipment.

Number of AGV unites: 418 pcs

Types of AGV: 12

Planning horizon: 10 years

Interest rate: 9%

Considered costs: Renewal costs (AGV unit price)

Flat rate maintenance service (prev. + correct. maintenance, operation)
Overhauls

Spare parts

Re-certification and upgrades of current AGV types

Purchase of batteries
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DATA INPUTS

List of AGV units with Unique Identifier, including information for each unit:
« Place of operation (hall/route)

- Date of entry into service, shift regime

« Type of ownership (own, leasing with maintenance, full-service, etc.)

« Mileage km and moto-hours from commissioning

« History of maintenance - labour consumption, materials and maintenance costs from the time of commissioning to the present

» Charging stations with the assignment of AGV operating groups

« Consumption of energy, oils/other media

 Ciritical parts for which the support ends and BOMs

« Offered used / retrofitted AGV from partners incl. price and technical condition

« Electricity costs at individual charging stations

« CAPEX + price indexation and residual value (costs of acquisition and commissioning, disposal of old equipment, administration, etc.)
« OPEX costs + cost development

« Other relevant costs (if any)

« Discount rate for calculating the NPV of the future cash flow

Illustration of AGV maintenance (source: conger.com)
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OMAINTEC Step 1 — REPLACEMENT MODEL: Cost-based mathematical determination of the replacement interval

[ Age H Mileage Cost optimum of
RE PLACEM ENT [ Preventive maintenance ]—[ Overhauls the replacement |:> REPLACEMENT MODEL
PLAN [ Corrective maintenance H Shifts interval

Step 2 — REPLACEMENT SCENARIO: Distribution of replacement in years based on technical constraints

REPLACEMENT MODEL Replacement by Routes Distribution of
Lifetime (manufacturer) SP availability replacement in |::> REPLACEMENT SCENARIO

Performed overhauls years

Step 3 — REPLACEMENT PROGRAMMIE: Realistic replacement plan based on business constraints and
lifetime maximization

REPLACEMENT SCENARIO Overhaul interval o
- Poute difficalt Realistic
CAPEX limit oure dmicutty Replacement plan

[ AGV production limit ]—[ AGV for cannibalization based on all |:> REPLACEMENT PROGRAMME
[ Overhaul limit H AGV for re-certifikation constraints
[ AGV cost per km/h
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REPLACEMENT utt
MODEL ]

Renewal costs

Operating costs
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REPLACEMENT
CRITERIA

1 Replacement Model

2 End of Spare parts support

3 AGV Cannibalization

4 AGV Re-certification (upgrade)
5 Overhauls

6 Routes

7 Cost of AGV per km/hour of operation
8 Technology update strategy

9 CAPEX limit and distribution
10 Limit for Overhauls

11 Capacity of manufacturer
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Does the cost
model (CM)

" ¢

Lifetime 8 years
(manufacturer)

have a
minimum?

NO L J YES ‘
Lifetime
according to CM

REPLACEMENT
CRITERIA

Has the overhaul been performed? ‘

Lifetime 8 years
(manufacturer)

MAX of 8 years and MAX from CM and

overhaul + 4 years according to CM overhaul + 4 years

Is the spare parts support ending?

YES

End of SP
support

Lifetime 8 years
(manufacturer)

MAX of 8 years and
overhaul + 4 years

MAX from CM and
overhaul + 4 years

Lifetime
according to CM

|

Does the AGV have to be changed per route?

wo|

End of SP
support

Lifetime 8 years
(manufacturer)

MAX of 8 years and

overhaul + 4 years

YES

Year of route

o[

Lifetime
according to CM

End of SP
support

MAX from CM and
overhaul + 4 years

replacement

Cascading decision tree
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DATA
ANALYSIS
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Cost statistics

Critical parts

Replacement model
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construction
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RESULTS -
REPLACEMENT
PROGRAMME

AGVType [2023 [2024 [2025 [2026 [2027 2028 [2029 [2030 [2031 [2032 [2033 [Total
A 36
B 18
c F
D 10
E | el
F 6
G 100080 o
H 28
[ 1
) 7 25
K 10 8
L 32
M | a9 49
N 6
61 o] o s o 37 32 67 8| 60 86 479

Total number of AGV replaced in particular year

10 mil EUR

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

= Without cannibalisation
and upgrades

Variant 1 Variant 2 Variant 3 Variant 4 Final Variant

Distribution of cumulative CAPEX + OPEX in years
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CONCLUSION

Project carry outs:

- For large number of assets, an optimal solution for replacement requires a strategy
and data-based solution.

- However, poor data quality can be critically misleading — missing cost history or links
to individual asset units, group payments and flat rates under framework contracts,
missing work orders, duplicates.

- Assumptions are made by data provider, not dana receiver

- Methodology of creating a Replacement Plan has proven its robustness

- Cost replacement model is appropriate base to get understanding of asset
replacement cycle. The final realistic Replacement plan is then completed by
sequence of applying replacement criteria with given prioritization.
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