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Abstract. Using an Australian wood chip export terminal as a case study, this 

research presents a terminal gate simulation model that improves understanding 

of the complex interactions at the terminal gate and describes the potential of 

information and digital systems alternatives for mitigating congestion. The alter-

natives modelled include: a terminal appointment system to schedule truck arri-

vals; integrating weigh-bridge information to eliminate one stage of the unload-

ing process; and, reducing conveyor operation time.  

Simulation results indicate that a terminal appointment system can reduce turna-

round times by up to 23%, primarily through a reduction in waiting times. Inte-

grating weigh-bridge information can improve turnaround by up to 18%, while 

reducing the conveyor operation time can improve turnaround by up to 5%. The 

paper highlights that achieving these simulated results in practice actually relies 

on a range of factors and assumptions hard to embed in the simulation. These 

factors influence the nature of the complex interactions at the terminal gate and 

include the extent to which stakeholders are willing to share information and de-

velop or retain levels of trust between each other.  

The paper argues that one potentially effective strategy for aligning stakeholders’ 

interests involves engaging them all in the decision-making processes in finding 

and developing a suitable congestion management solution. This approach miti-

gates concerns regarding system abuse, ensures all technological and business 

requirements of stakeholders are considered and, enhances the implementation 

process to deliver increased effectiveness of the solution.  

This research is part of on-going Australian Research Council funding through 

the Industrial Transformation Research Program. 

 

Keywords: Information Sharing, Discrete Event Simulation, Land Interface, 

Willingness, Trust. 
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1 Introduction 

Between 2012 and 2015, exports from Australian wood chip port terminals increased 

by more than 40% to 10.1 million tons per year [17]. Based on recent port authorities’ 

annual reports, this upward trend has continued in 2016 and 2017. This volume surge 

has been a major contributing factor to growing port terminal congestion, especially in 

land-side delivery operations. Wood chip supply chains involve sales of a high-volume, 

low-margin, price sensitive commodity product. The profitability of the chain can be 

adversely impacted by port terminal congestion. These impacts affect stakeholders 

along the entire wood chip supply chain. Surprisingly, there has been limited analysis 

of alternative approaches to addressing terminal congestion particularly with regard to 

this type of bulk port terminal.  

This research presents a terminal gate simulation model that improves understanding 

of the complex interactions at the terminal gate and describes the potential for infor-

mation and digital system alternatives to mitigate congestion. The paper highlights that 

achieving these simulated results in practice actually relies on a range of factors and 

assumptions hard to embed in the simulation. These factors influence the nature of the 

complex interactions at the terminal gate and include the extent to which stakeholders 

are willing to share information and develop or retain levels of trust between one an-

other.  

Information Systems and Terminal Gate Congestion Management. Land-side 

throughput at port terminal gates is directly impacted by the number, operating hours 

and productivity of each gate [14]. Approaches to managing gate congestion can be 

divided into two categories: (i) Gate availability management, (ii) Gate operational 

management. Gate availability may be increased by extending the gate working hours 

[1, 9] supported by gate automation technologies utilising Radio-frequency Identifica-

tion (RFID) and Optical Character Recognition (OCR) [14] for land-side transporters 

and other port users.  

Gate operational management may be improved by terminal appointment systems 

(TAS) [7, 12], vessel dependent time windows (VDTW) [4], and peak hour pricing or 

incentive programs [10]. TAS schedule truckers’ arrivals at the terminal to deliver and 

pick-up cargoes at specified time intervals. Analytical approaches such as programming 

[20], queuing theory [4] and simulation [11] explored the potential impact of  TAS and 

have typically found that significant reductions in truck turnaround and waiting times 

can be achieved. However, empirical investigations following implementation of TAS 

have reported mixed results due to a range of factors, including incompatibility between 

system requirements and business [9],  manipulation by opportunistic users [15] and 

use of congestion management systems as revenue alternatives [7]. Terminal gate con-

gestion management has received significantly more attention in the context of contain-

erized goods. Given the similarities between container and bulk terminal operations [3] 

we consider insights gained in container terminals to have similar relevance in the con-

text of bulk operations. 
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This paper argues that aligning stakeholders’ interests involves engaging them all in 

the decision processes around finding and developing a suitable congestion manage-

ment solution. This approach should mitigate concerns regarding system abuse, capture 

and align technological and business requirements of stakeholders and enhance the im-

plementation process to positively impact solution effectiveness.  

2 Methodology 

2.1 Field-Site: Wood Chip Terminal and Land-Side Operations 

The bulk wood chip export terminal used for the simulation modelling in this project 

operates in a medium-size port in Australia. Wood chips are delivered to the terminal 

from three processing facilities by a dedicated fleet of trucks and are stored at the ter-

minal in preparation for vessel arrivals. Sufficient product has to be available to com-

plete the loading at the time of vessel arrival since the vessel hourly loading rate costs 

are far greater than those of truck unloading. The truck delivery cycle average, depend-

ing on the distance from the facilities, can be 40, 90 or 300 minutes for a round-trip, 

excluding terminal unloading.  

At the terminal, trucks are weighed before and after unloading on a weighbridge. 

Operators swipe an RFID card that records arrival and departure time, gross and net 

truck weight and the product delivered. Trucks can be unloaded by two hydraulic 

ramps. Product falls into a common collector bin and is moved to stockpiles using by 

conveyor belt.  

On average trucks wait to unload between 7-10 minutes. However, close to 30% of 

the trucks wait between 15 and 45 minutes to unload. In the context of relatively short 

delivery cycles, excessive waiting times can lead to substantial truck productivity 

losses. Terminal visits and discussions with staff also confirmed the terminal was reg-

ularly experiencing significant truck congestion at the terminal gate and unloading 

ramps.  

2.2 Discrete Event Simulation Model of Terminal Gate Operations 

A simulation approach allows for representation of some of the complex interactions 

taking place at a terminal [11] and insights into operations that may support the devel-

opment of tangible solutions for industry [8]. Simulation also allows a ‘what-if’ analy-

sis under certain scenarios and comparison between multiple alternatives [6]. This re-

search deployed a discrete event simulation model to represent terminal gate operations. 

The literature on dry bulk terminal distinguishes between export terminals, and im-

port terminals [18] as they and generally serve only one of the two functions. Research-

ers have primarily focused on ores as the primary dry bulk commodities of interest: 

coal export [19], coal and iron import [3] and bauxite imports [5]. Munisamy [16] is 

one of the few examples of a timber terminal related research. One of the main problems 

explored in the dry bulk terminal literature is how to increase the capacity of dry bulk 

terminals [5, 19] with the aim of reducing vessel waiting times and associated penalties. 

Throughput capacity increases on the maritime side are not always met with a similar 
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approach on the land side. Financial penalties for vessel waiting times (demurrage) are 

one of the most frequently mentioned reasons for optimizing and improving the loading 

or unloading process at terminals.  

Terminal arrival and departure data were collected from reports generated by the 

weigh-bridge. Three months of truck arrivals were included, totaling more than 15,000 

trips. The duration of individual unloading stages was determined using geo-fences im-

plemented in a commercial navigation software which used inputs from on-board GPS 

data from one trucking operator. The data collected were then fitted to distributions, 

using the Arena Input Analyzer, so they could be sampled during the simulation using 

a Monte Carlo sampling technique. The simulation model logic follows closely the pro-

cess flow at the terminal and is illustrated in Figure 1 and includes the alternatives 

modelled to address congestion. 
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Fig. 1. Simulation model logic 

The model is based on a number of assumptions drawn from observations at the 

terminal and the distribution fitting process: 

 Two companies carry two types of products that cannot be mixed. Unloading of one 

product must be completed prior to unloading the other;  

 Each company operates a fleet with two types of trucks in different proportions. The 

payloads of the two types of trucks are represented through normal distributions fit-

ted on empirical data: 1 = 25.8, 1 = 0.798 and 2 = 33.7, 2 = 1.82; 

 Both unloading ramps can unload both types of truck. Unloading times vary depend-

ing on the payload of the truck and are described by a lognormal distribution ( = 

5.16,  = 3.97); 
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 Concurrent unloading of the same product can take place if the other unloading ramp 

has completed 60% of the unloading stage;  

 The conveyor belt system allows a new product to be unloaded when one unloading 

ramp has reached 80% of the unloading stage;  

 The possibility of breakdowns is not considered at this time; 

 The weigh-bridge weighing in time was not included to maintain consistency with 

existing terminal measurements; 

 The travel time between the weigh-bridge and unloading ramp and back across the 

weigh-bridge is considered to be fixed at 1 and 2 minutes respectively. 

The inter-arrival time (IAT) is best represented by a gamma distribution (k = 1.49, θ = 

6.97) and, the weigh-bridge weighing time on departure is described by a normal dis-

tribution ( = 3.46,  = 1.68).  

3 Simulation Results 

The simulation generated a base scenario and baseline terminal performance figures 

using the distributions fitted from empirical data which closely replicate the situation 

currently observed at the terminal. Three scenarios were then introduced, each repre-

senting an instantiation of a congestion management system:  

 Scenario 1: implementation of a terminal appointment system (TAS) and slot truck 

arrivals in 10-minute intervals. Operators have some flexibility in arrivals. The de-

viation from the on-time arrival is described by a normal distribution ( = 0,  = 

2.5); 

 Scenario 2: integration weigh-bridge information system and centrally storing truck 

tare weights and eliminate the need for trucks to empty-weigh; 

 Scenario 3: reduction of conveyor operation time by 45 seconds through an im-

proved software solution; 

Table 1 provides a summary of the baseline and test scenarios. In each case, 1 year of 

operations was simulated with 1000 iterations per scenario. The indicators represent 

average results across the iterations. Except for Scenario 1, (where the inter-arrival time 

is changed to reflect the TAS, arrival distributions stay constant.  

The most noticeable effect on the waiting and turnaround time was following the 

introduction of the TAS in Scenario 1. Average waiting times per truck decreased by 

5.3 minutes (76%) compared to the base scenario and turnaround times by 5.2 minutes 

(23%). A similar reduction in average truck turnaround times took place in Scenario 2 

(18%), however, since the arrival times followed a similar distribution, the total waiting 

decreased marginally (6%). Scenario 3 simulates the reduction by 45 seconds of the bin 

unloading, therefore, improvements are noticed in the cases where successive trucks 

carrying different products may arrive in short intervals. Average waiting times are 1.2 

minutes lower (17%) than those in the base scenario, a difference also reflected in the 

turnaround times with a similar absolute amount. The gain in turnaround time is a rel-

atively modest 5%. 
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Table 1. Simulation scenario analysis results 

Indicators 

(Averages) 

Base Scenario  Scenario 1  

Terminal Appointment System  

Throughput (t) 1,566,894       1,563,346  

Truck Visits 52,683  52,559   

IAT (min) 9.98 10 

Waiting/Truck (min) 6.9 (m=0, M=180) 1.6 (m=0, M=137) 

Turnaround/Truck (min) 22.2 (m=7, M=192) 17.0 (m=7, M=158) 

Indicators 

(Averages) 

Scenario 2 

Weigh-bridge Data Integration  

Scenario 3 

Conveyor Efficiency System  

Throughput (t)   1,566,388    1,566,527  

Truck Visits 52,653        52,666 

IAT (min) 9.98 9.98 

Waiting/Truck (min) 6.4(m=0, M=143) 5.7(m=0, M=133) 

Turnaround/Truck (min) 18.1 (m=6, M=158) 21.1(m=7, M=143) 

*m=minimum value, **M=maximum value 

 

The simulation results show significant improvements compared to the base sce-

nario. However, the model rests on two important assumptions. Firstly, the feasibility 

of the technical implementation coupled with the willingness of stakeholders to partic-

ipate; secondly, that other factors outside the simulation stay unchanged. The next sec-

tion discusses some implications of these assumptions. 

4 Discussion: Theory versus Practice 

Reported partial failures of implemented congestion management systems at port ter-

minals are attributed to: limited trust between parties leading to low use [9] and system 

misuse [15] or abuse [7] by certain stakeholders. The unique relation between the ter-

minal’s land-side users and the terminal [13] combined with the short-term focus and 

drive for efficiency in the logistics industry to steer inter-organizational relationships 

away from trust, stability and strategic alignment [2]. 

With the exception of purely technical equipment improvements, successful imple-

mentations of the majority of other approaches actually rely on some information shar-

ing between stakeholders. TAS, in particular, embeds a platform that relies on infor-

mation sharing and cooperation between stakeholders for success. The behavioral 

changes from terminal’s users are often marginalized in techno-centric implementa-

tions of TAS accentuating the gap between theory and practice. These factors influence 

the nature of the complex interactions at the terminal gate and highlight the need for 

effective strategies to aligning stakeholders’ interests when addressing congestion. This 

should include engaging them all in the decision processes directed towards finding and 

developing suitable solutions. The aim of this approach is to mitigate concerns regard-

ing system abuse, ensure that technological and business requirements of stakeholders 



7 

are captured and facilitate the implementation process to enhance the effectiveness of 

the solution. 

In the context of this argument, it is important to acknowledge some of the limita-

tions regarding the simulation model presented above. The input distributions were 

based on approximately three months of truck visits representing a sample that may not 

describe the full range of interactions between the trucks and the terminal. The scope 

of the model was also limited to the terminal gate and the unloading equipment. Alt-

hough the maritime side may operate independently of the land-side, discussions with 

stakeholders have already suggested that vessel arrivals are, in part, responsible for 

some of the arrival time fluctuations.  

Future research aims to include additional scenarios in the simulation, including po-

tential equipment and infrastructure expansion and testing the robustness of the model 

under changing environmental variables. Discussions with stakeholders continue as 

part of this research and are currently exploring perceptions of the scale of the conges-

tion problem, the ways it may be addressed and aspects pertaining to sharing infor-

mation with the terminal and with other port users. This research is part of a major 

ongoing research project undertaken in Australia funded by the Australian Research 

Council through the Industrial Transformation Research Program. 

5 Conclusion 

The land-side interface of a maritime terminal is often considered less important than 

the maritime side. We, however, argue sides that both are equally important. Analyti-

cally, terminal gate congestion management solutions display great potential in miti-

gating gate congestion. A large proportion of the literature centres on the efficiency 

benefits terminals can achieve and often fails to acknowledge the impact on the stake-

holders affected by these systems. In practice, stakeholders seem to be rarely involved 

in finding and developing suitable congestion management solutions. Their business 

and supply chain requirements may be overlooked, which can, in some cases, lead to 

the lower-than-expected impact of congestion mitigation systems. 

Simulation results corroborate literature findings regarding the expected impact of 

congestion management approaches. The TAS, as well as the weigh-bridge data inte-

gration, can reduce turnaround times by as much as 5 minutes or 23%, much of it from 

reducing waiting times. Reducing the conveyor operation time can improve turnaround 

by approximately 5%. The underlying challenge of achieving similar results to those 

achieved in simulation approaches rests upon, among other factors, the willingness of 

stakeholders to share information and to develop trust, stability and strategic alignment.  
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