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REASONS FOR LCC TUNNEL

Investment decisions or operation strategies are often technology-driven 

and not take into account life cycle aspects

Targets for a LCC Model:

 holistic cost overview

 identification of cost drivers

 knowledge about cost optimisations / substitutions

 decision support (investment, maintenance strategy, …)

 element of risk management

 basis of sustainability
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LIFE COSTING FOR TUNNELS

Recommendation of German Tunnelling Committee (DAUB)

 2018  ->  LCC Cost model for road tunnels 

 2023  ->  LCC Cost model for road tunnels (updated) 

& for urban and public transport tunnel
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LCC COST MODEL
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LCC COST MODEL

Requirements for LCC Cost Model

 holistic consideration

 reusability and consistent structure

 transparency and reproducibility

 adaptability and flexibility

 generation of optimisation measures

A reliable and complete database is required!
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LCC COST MODEL – LIFECYCLE PHASES
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LCC COST MODEL – STRUCTURE
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LCC COST MODEL – STRUCTURE

System

Module 1

Module 3

Module 2

functional dependence

operational dependence
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LCC COST MODEL – MODULES

1    Elements

2    Processes

3    Services

4    Costs 

5    Time parameters 

6    Interfaces6
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LCC COST MODEL – COST CALCULATION
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LCC COST MODEL – NET PRESENT VALUE
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Tunnel Tube East

Tunnel Tube West
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LCC COST MODEL – EXAMPLE



PROBABLE DEVELOPMENTS - OPERATION 2.0 |    LIFECYCLE COSTING IN OPERATION 06.12.2023 14

LCC COST MODEL – RESULTS | ANALYSIS
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43.543.980 € 100,0 % 

swichtgear / controllequipment SSA 6.389.009 € 14,7 % 

vault GE 4.510.140 € 10,4 % 

coating BSG 3.648.760 € 8,4 % 

traffic monitoring VÜW 3.439.700 € 7,9 % 

ventialation system LA 3.191.519 € 7,3 % 

pavement FB 3.055.788 € 7,0 % 

ligthing internalzone DFB 2.476.560 € 5,7 % 

side drainage DU 2.346.442 € 5,4 % 

substructure UB 2.040.061 € 4,7 % 

dewatering TEW 1.882.748 € 4,3 % 

entrance ligthing EFB 1.786.453 € 4,1 % 

emergency call system NRA 1.388.440 € 3,2 % 

emergency lane SSF 1.023.384 € 2,4 % 

traffic guidance system VLE 965.621 € 2,2 % 

fire-suppressing system BB 939.002 € 2,2 % 

fire alarm system BME 723.660 € 1,7 % 

variable traffic signs WVZ 559.341 € 1,3 % 

connection tunnels QS 499.287 € 1,1 % 

traffic data collection VDE 464.226 € 2,1 % 

breakdown bay lighting PBB 461.782 € 1,1 % 

LCC - road tunnel

LCC COST MODEL – RESULTS | ANALYSIS
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LCC COST MODEL – RESULTS | ANALYSIS
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LCC - road tunnel 43.543.980 € 100 % 

supply 2.869.097 € 7 % 

cleaning 3.254.614 € 7 % 

inspection 3.162.008 € 7 % 

maintanence 1.962.079 € 5 % 

refurbishment 5.576.018 € 13 % 

renewal 26.720.163 € 61 % 
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LCC COST MODEL – RESULTS | ANALYSIS

m
o
dul

pro
ces

s

LC
C

sh
ar

e

swichtgear / controll equipment SSA Renewal 5.821.767 €  13,4%

coating BSG Renewal 3.648.760 €  8,4%

vault GE Construct. Maintenance 3.133.719 €  7,2%

traffic monitoring VÜW Renewal 2.919.565 €  6,7%

ventialation system LA Renewal 2.187.510 €  5,0%

pavement FB Renewal 2.142.485 €  4,9%

substructure UB Renewal 1.968.671 €  4,5%

dewatering TEW Renewal 1.129.002 €  2,6%

emergency call system NRA Renewal 1.114.866 €  2,6%

side drainage UD Cleaning 1.092.053 €  2,5%

ligthing internalzone DFB Supply 1.009.794 €  2,3%

ligthing internalzone DFB Renewal 881.729 €  2,0%

emergency lane SST Renewal 872.087 €  2,0%

ligthing tresholdzone EFB Supply 722.594 €  1,7%

vault GE Inspection 690.933 €  1,6%

side drainage UD Construct. Maintenance 658.723 €  1,5%

fire-suppressing system BB Renewal 616.041 €  1,4%

traffic guidance system VLE Renewal 603.094 €  1,4%

side drainage UD Inspection 595.666 €  1,4%

dewatering TEW Cleaning 571.150 €  1,3%

swichtgear / controll equipment SSA Servicing 567.242 €  1,3%

ligthing tresholdzone EFB Renewal 557.155 €  1,3%

fire alarm system BME Renewal 466.649 €  1,1%

vault GE Cleaning 439.648 €  1,0%

ventialation system LA Inspektion 438.214 €  1,0%
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LCC COST MODEL – RESULTS | ANALYSIS

66,3%

0,2%

33,5%

Lighting

Ventilation

other facilities

49,9%

25,3%

24,8%
Lighting

Ventilation

other facilities

Energy consumption and energy costs in consideration of costs for monthly power peaks 

Annual energy consumption [%] Annual energy costs [%]
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LCC COST MODEL – EXAMPLE

Entrance Lighting - supply (tube east)

Operating hours in the individual switching stages per year  [like Hopferwieser (1977)]

stage sum

operating hours 8.760 h 

2.399 h 

Luminaires

Energy consumption of luminaire (max.)

Power loss ballast (VVG)

Number of luminaires

System power under full load

Energy cost 

luminaires

10.090,00 € 

Energy cost sensors Energy cost 

sensors

outdoor luminance L20 48,18 € 

Luminance viewing distance 48,18 € 

Total costs per year - Entrance Lighting - supply (tube east) 10.186,36 € 

8.760 h 1 Stck. 50 W 50 W 438 kWh 0,11 €/kWh 

8.760 h 1 Stck. 50 W 50 W 438 kWh 0,11 €/kWh 

Duration Piece Power per 

sensor

Total power Energy 

consumption

Electricity 

price

38,2 kW 2.399 h 91.728 kWh 0,11 €/kWh 

Energy cost 

Luminaires

System power 

under full load

Equivalent operating 

hours under full load

Yearly energy 

consumption

Electricity 

price

50 piece 0 piece 66 piece 

8,8 kW 0,0 kW 29,4 kW 38,2 kW 

150 W 250 W 400 W 

26 W 35 W 46 W System power 

under full load

(night)

HST 150 HST 250 HST 400

180 h 150 h 81 h 0 h 
Equivalent operating 

hours under full load
600 h 438 h 338 h 313 h 300 h 

480 h 600 h 650 h 4.380 h 

25 % 12,5 % 0,0 % 

600 h 500 h 450 h 500 h 600 h 

100 % 87,5 % 75 % 62,5 % 50 % 37,5 % 

Entrance Lighting - Maintanence - Luminaires exchange (tube east)

Duration

Scheduled replacement of luminaires

Luminaires cleaning inside

Other

Cost devices

Cherry picker

Van

Total cost devices 1.465,00 € 

Personnel cost

Replacement of luminaires

Other

Total cost personnel 3.000,00 € 

Material cost

High pressure sodium vapor lamps 150 W

High pressure sodium vapor lamps 250 W

High pressure sodium vapor lamps 400 W

Small parts

Totel cost material 2.327,00 € 

Total cost - Entrance Lighting - Maintanence - Luminaires exchange (tube east) 6.792,00 € 

66 piece 17,00 €/piece 1.122,00 € 

500,00 € 

50 piece 14,10 €/piece 705,00 € 

0 piece 15,40 €/piece 0,00 € 

2 AK 1,0 h 2,0 h 50,00 €/h 100,00 € 

Anzahl EP Kosten

Piece Duration Total duration Wages Cost

2 AK 29,0 h 58,0 h 50,00 €/h 2.900,00 € 

29,0 h 35,00 €/h 1.015,00 € 

30,0 h 15,00 €/h 450,00 € 

1,0 h 

Duration One-price Cost

10 min./piece 116 piece 19,3 h 

5 min./piece 116 piece 9,7 h 

Expenditure Pieces Total duration

Entrance Lighting - Renewal - Luminaires (tube east)

Planning

Planning lump sum

Administration lump sum

Total Cost Planning 22.500,00 € 

Removing

Removing and disposal (10% luminaires + cable + others) lump sum

Total Cost Removing 10.000,00 € 

Luminaires

Special tunnel luminaire 150 W, single-lamp, asymmetrical

Special tunnel luminaire 250 W, single-lamp, asymmetrical

Special tunnel luminaire 400 W, single-lamp, asymmetrical

High pressure sodium vapor lamps 150 W

High pressure sodium vapor lamps 250 W

High pressure sodium vapor lamps 400 W

Total Cost Luminaires 54.132,80 € 

Cable

cable N2XH-J 3x2,5

cable N2XH-J 5x2,5

cable N2XH-J 5x4

cable N2XH-J 5x6

cabletrough 200 mm

Total Cost Cable 22.577,10 € 

Sonstiges

Smal parts, others

Measurements, commissioning 

Total Cost others 23.000,00 € 

Total Cost -  Entrance Lighting - Renewal - Luminaires (tube east) 132.209,90 € 

lump sum 3.000,00 € 

220,00 m 43,50 €/m 9.570,00 € 

Amount Cost

lump sum 20.000,00 € 

268,00 m 3,10 €/m 830,80 € 

1.011,00 m 4,20 €/m 4.246,20 € 

3.479,00 m 1,90 €/m 6.610,10 € 

550,00 m 2,40 €/m 1.320,00 € 

66 piece 17,00 €/Stck. 1.122,00 € 

Amount One-price Cost

50 piece 14,10 €/Stck. 705,00 € 

0 piece 15,40 €/Stck. 0,00 € 

0 piece 446,20 €/Stck. 0,00 € 

66 piece 458,80 €/Stck. 30.280,80 € 

Amount One-price Cost

50 piece 440,50 €/Stck. 22.025,00 € 

250 h 50,00 €/h 12.500,00 € 

Share Cost

10 % 10.000,00 € 

Expenditure Wages Cost

200 h 50,00 €/h 10.000,00 € 

Module Entrance Lighting - Tube east 

Parameter Elements Amount

50 piece 

0 piece 

66 piece 

 Luminance L20 (200 cd/m²) 5.310 m

 Directional traffic 220 m

 Maximum speed 100 km/h 1 piece 

 Hazard class III 1 piece 

 Reflection properties roadway / vault

Costs
Temporal 

parameters

10.190 € 1x year

330 € 1x year

1.180 € 2x year

580 € every 2 years

6.790 € every 4 years

580 € 1x year

* 1.010 € 1x year

* 1.200 € 1x year

13.620 € every 15 years

132.210 € every 20 years

* Consideration of an annual increase in performance until renewal

Modernization

Renewal Renewal sensors

Renewal Luminairs

Repair Luminaires

Repair work

Maintenance Replacement luminaires

Calibration luminance

Inspection controll

test

Cleaning Cleaning

Supply Energy supply

Installation

Planning

Sensor luminance

Processes Services Interfaces

Cable

Cable trough

Sensor outdoor luminance L20

 Step switching High pressure sodium vapor lamps 400 W

 High pressure sodium vapor lamps (GSB) High pressure sodium vapor lamps 150 W

 Double-row light arrangement tunnel ridge High pressure sodium vapor lamps 250 W
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PROBLEMS | OBSTACLES

Lack of reliable information on historical costs and performance, which is needed for accurate estimation of costs.

Lack of information is the uncertainty inherent in any forecast of future costs and performance. How a building and its 

functional subsystems behave - over the course of a 25-to 30-year service life.

[Controlling Cost of Ownership from Design Throughout the Service Life of Public Buildings. Washington, DC: The National Academies Press. https://doi.org/10.17226/1750.]

The majority of experts see problems in the availability of 

reliable general cost indicators and information that is needed 

to determine usage costs... 

[Research report F3218 – Zukunft Bau – 2020, Authors: Guido Spars, Olivera Obadovic]

The traffic data and service data often are separated from each other in tunnel operations management.

An improvement in the collaboration between different stakeholders is needed!
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OPPORTUNITIES FOR LCC–MODEL – BIM – DIGITAL TWIN
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OPPORTUNITIES FOR LCC  >>  DIGITAL TWINS

Smart monitoring Predictive operations Predictive maintenance

PHYSICAL TWIN DIGITAL TWIN
ACTUATORS ANALYTICS

SENSORS DATA
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OPPORTUNITIES FOR LCC  >>  DIGITAL TWINS
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Processes

Disposal

Operation

Construction

Excavation

Tunnel arch

Lighting
Threshold zone
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LIFECYCLE COSTING IN OPERATION

THANKS FOR LISTENING


