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Introduction  

Exspecta = Latin for Waiting time 
 

The companyôs objectives are: 

1. To reduce waiting times for customers in the logistic industry. 

2. To apply logistic knowledge in the industry. 
 

 

PhD Thesis 

Seaside

design 
(Chapter 3)

Stockyard

Stockyard 

sizing
(Chapter 5) 

Equipment 

selection
(Chapter 6) 

A dry bulk terminal

Belt conveyor 

network design
(Chapter 7) 

Terminal 

characteristics 
(Chapter 2) 

Total terminal design
(Chapter 8) 

Conclusions
(Chapter 9) 

Landside 

design 
(Chapter 4)

Overview PhD Thesis 

The logistic knowledge has been gathered 

during my PhD research project at Delft 

University of Technology entitled ñSimulation-

integrated Design of Dry Bulk Terminalsò.  
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Introduction  
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Several projects have been performed during the last year for different clients in both dry bulk 

as well as liquid bulk industry. 

 

 

 

Example 1: Assessment of different belt conveyor 

network designs for a major renovation project 

Example 2: Determination of the tanker waiting 

times during the renovation of  an unloading jetty 
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Research background ï variation workload  
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Terminal operators are confronted by a varying workload at the terminalôs seaside. Reason: 

large variation in ship interarrival times and ship sizes. 

 

 

August 12th, 2015 

August 4th, 2015 August 7th, 2015 

August 16th, 2015 



Current work schedule for production staff: 5-shifts non-stop 

1   2   3 

 Day 1 

1   2   3 

 Day 2 

1   2   3 

 Day 3 

1   2   3 

 Day 4 

1   2   3 

 Day 5 

1   2   3 

 Day 6 

1   2   3 

 Day 7 

Week 

5-shifts non-stop 

 

Fixed number of 

employees per shift  

#
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Research background ï work schedules 

 

7 All E-flexers 

in one shift 

No E-flexers 

needed 

No E-flexers 

available anymore 

E-flex 

 

Lower number of permanent 

staff per shift and the E-

flexers can be assigned to 

shifts when needed.  
1   2   3 

 Day 1 

1   2   3 

 Day 2 

1   2   3 

 Day 3 

1   2   3 

 Day 4 

1   2   3 

 Day 5 

1   2   3 

 Day 6 

1   2   3 

 Day 7 

Week 

#
ft
e

 p
e
r 

s
h

if
t 
  

Introduction of a flexible work schedule: E-flex 
Permanent staff Flexible staff 



M
A

T
C

H
IN

G
 T

H
E
 E

M
P

L
O

Y
M

E
N

T T
O

 T
H

E
 W

O
R

K
L

O
A

D
 

Research background ï planning horizon (1) 
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The flexible work schedule requires understanding of planned work.  
 

Personnel in E-flex would like to know, several weeks in advance, when they 

have to work. However, during the loading process at export terminals and during 

the sea-journey, ships may be delayed. 
 

Terminal operators use the shipôs ETA (Expected Time of Arrival) to determine 

the earliest start of unloading. But how accurate is the ETA?  

 

Marinetraffic, a tool to verify the shipôs position and expected arrival time   
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Research background ï planning horizon (2) 
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An example of the ETA changes during time: Berge Blanc 

 
Berge Blanc 
151.508 [t] 

ATA = 22/03/2015 05:43 

22/02/2015 
(28 days before ATA) 

ETA = 

21/03/2015 

08:00 

21,7h 

1/03/2015 
(21 days before ATA) 

ETA = 

19/03/2015 

08:00 

69.7h 

8/03/2015 
(14 days before ATA) 

ETA = 

20/03/2015 

08:00 

45,7h 

15/03/2015 
(7 days before ATA) 

ETA = 

20/03/2015 

17:30 

36,2h 

Expected Time 

of Arrival 

Actual Time 

of Arrival 

Courtesy: Marius Esman 

Courtesy: Marius Esman 
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Research background ï planning horizon (3) 
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From 4904 ship arrivals the differences between the ETA and the ATA were analyzed during 

different planning horizons. A boxplot is used to represent the distribution. 

Max. measured value 

3rd quartile (75% of measurements) 

Median 

1st quartile (25% of measurements) 

Min. measured value 

Explanation boxplot 

K.Confidence 

Å ATA: 17/02/2015 14:42 

Å ETA @ 20/01/2015: 27/02/2015  08:00 

Å Difference: 233.3h (earlier) 
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Research background ï objectives 
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The objectives for this research are: 

1. Assess different workschedules 5-shifts non-stop and E-flex 

2. Determine the planning horizon for a flex work schedule 
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Simulation model (1) ï screen dump 

 

13 



-3

-2

-1

0

1

2

3

4

5

6

7

20 25 30 35

D
e
m

u
rr

a
g

e
 /
 d

e
s
p

a
tc

h
(-

=
 D

e
s
p
a

tc
h
, 
+

 =
 D

e
m

u
rr

a
g
e
)

Annual throughput

5-shifts non-stop
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Simulation model (2) ï output 
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The simulation model presented the following outputs: 

1. Throughput of bulk materials per year [Mt/y] 

2. Demurrage / despatch 

3. Costs for hours worked 

4. Hours worked per fte per week 

 

 Historical data of the terminal operator was 

used to generate future ship arrivals. Necessity 

to simulate multiple runs to average the 

extremities.  

Accuracy simulation output 

Assumptions: 

1. One demurrage/despatch tariff for all 

bulk carriers 

2. Cost for hours worked only employed 

production staff 

low medium high 
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Simulation results (1) ï number of production staff per shift 
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Registration of the needed and available number of production staff per shift 

 

 5-shifts non-stop 
Permanent 

occupation 

More personnel required 

then available 

Less personell required 

then available 
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Simulation results (2) ï number of production staff per shift 
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Registration of the needed and available number of production staff per shift 

 

 
E-flex (25) 

No E-flexers 

available anymore 

Minimum 

number 
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Simulation results (3) ï comparison work schedules 
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Registration of the needed and available number of production staff per shift 

 

 

Demurrage / despatch versus the annual throughput 

for different work schedules 

1. With E-flex work schedule production staff is 

employed when needed.  

2. Peaks in workload can be managed better 

which results in despatch instead of demurrage. 

3. E-flex performs better, especially, at a high 

value of the annual throughputs compared to 5-

shifts non-stop. 

4. More E-flexers result in a better performance 

for increased values of the annual throughput. 

low medium high 
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Simulation results (4) ï comparison work schedules 
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Registration of the needed and available number of production staff per shift 

 

 

Cost for hours worked versus the annual throughput 

for different work schedules 

1. E-flex work schedule results in lower 

permanent occupation of production staff. 

2. With E-flex the average hours worked per fte 

reduces which results in lower costs for worked 

hours.  

3. Note: the personnel costs for terminal operators 

are not determined by the workload but by the 

labor contracts.  

low medium high 
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Simulation results (5) ï comparison work schedules 
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Registration of the match per shift for flex work schedules 

 

 

1. E-flex work schedule: match between needed and available number of 

personnel per shift 

2. More E-flexers increases the number of shifts when the needed and 

available number of production staff can be matched.  

Explanation: 

Å 80% of shifts: a match between 

personnel needed and available 

Å 13% of shifts more personell 

available then needed 

Å Only 7% of shifts lack of personell 
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Simulation results (6) ï comparison work schedules 
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Comparison between the three work schedules 

 

 

High value for the annual throughput 

Work schedule Relative costs1 [%] 

5-shifts non-stop 100% 

E-flex(25) 69% 

E-flex(50) 65% 

1 Relative costs = Costs for hours worked Ñ Demurrage/Despatch 

1. Improvement of the terminal performance is possible by applying the new work 

schedule E-flex. 

2. More E-flexers increases the employability of production staff, however, the 

improvement is marginal. 

3. Using the E-flex work schedules enables production staff to determine their work 

schedules, although last-minute changes of the schedule remain possible.  
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Simulation results (7) ï planning horizon ï method used 
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Ship1 Ship2 Ship3 Ship4 Ship5 Ship6 Ship7 

Step 1: Determination of the number fte required for 

historical shipôs ATAôs 

Ship8 

Ship1 Ship2 Ship4 Ship3 Ship5 Ship6 Ship7 Ship8 

Step 2: Determination of the number fte required for 

shipôs ETAôs 

Registered differences in fte needed per shift for 

different planning horizons 

Expected Time 

of Arrival 

Actual Time 

of Arrival 
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Simulation results (8) ï planning horizon - results 
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Planning accuracy versus the planning horizon 
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Example:  

A lack of 6 fte means that the number of 

personell needed determined at PH = 28 

days is 6 less then required in reality. 

Planningshorizon of 14 days: 

Å probability of 50% that the number 

of FTE really needed differs 2 FTE 

from planning 

Å 100% sure that the difference is not 

larger then 16 FTE 

1. Smaller planning horizon results in more 

accurate staffing, however, a large probability 

for differences remains.  



OVERVIEW PRESENTATION 

24 

1.Introduction 

2.Research background 

3.Simulation model 

4.Simulation results 

5.Conclusions 
 



M
A

T
C

H
IN

G
 T

H
E
 E

M
P

L
O

Y
M

E
N

T T
O

 T
H

E
 W

O
R

K
L

O
A

D
 

Conclusions 
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1. Flexible staffing will improve the terminal performance because peaks of workload can 

better be managed. 

2. The E-flex work schedule realizes more shifts where the needed and available number of 

FTE can be matched. 

3. More E-flexers improves the employability, although a twice as big group improves the 

terminal performance marginal.  

4. A smaller planning horizon leads to better staffing, however, the probability for deviations 

between the needed and available number of personnel remains high.  
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