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1. The research - Background 

• Concern for sustainability boosts the use of renewable sources in 

energy sector.  

 

• EU directives for the future (e.g. Renewable energy road map, 

Biomass action plan) show biomass and bio-energy will play one 

of the key roles. 
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The research – Background (cont.) 

• The local supply can not meet the demand in the European 

Union, international import is necessary. 

 

• In this context, a large-scale bulk import terminal dedicated to 

handle biomass is required. 



5 Design of a large-scale biomass bulk terminal | 36 

The research - Context 

• Time frame: 2020 onwards.  

 

• Terminal throughput per year: 20-40 million ton/year. 

 

• Seven biomass materials and products are chosen. The 

solid/liquid biomass ratio is 60/40 to 45/55. 

Wood pellets Vegetable oils 

Wood chips Ethanol 

Torrefied pellets Biodiesel 

Pyrolysis oils 

• The terminal should comply with possible sustainability 

certification in the future. 
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The research – The research questions 

• How important are biomass materials and products? What kind 
of scale can be expected in the future when biomass materials 
and products are imported into the European Union? 
 

• How do the characteristics of biomass materials and products 
affect the terminal design and material handling? 
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 The research – Thesis outline 

Two main themes: 

1. Material properties and 

equipment 

2. Simulation model 

3 



8 Design of a large-scale biomass bulk terminal | 36 

2. Material properties 

• To deploy suitable equipment and methods, the unique 

properties and the properties variations of the potential cargos 

need to be known and quantified. 

 

• For liquid biomass, the properties crucial for handling and 

storage are documented. For solid biomass, the complete range 

of these properties is lacking. 

 

• Experiments were carried out to obtain the important physical 

properties of solid biomass.  

 

1 
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Material properties (cont.) 

• 7 test materials: wood pellets, wood chips and torrefied pellets. 

 
Material Origin Moisture 

Content (%) 

Dimension (mm) 

Wood pellets Canada <10 6  

8  

12 (diameter) 

Wood chips The Netherlands 35 ~ 45 0-20 

0-40 

0-100 (length) 

Torrefied 

pellets 

The Netherlands 2 ~ 3 6 (diameter) 

       Feedstock: poplar chips 2 
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Material properties (cont.) – Solid 

Biomass 
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Material properties (cont.) 

• No major difference between liquid biomass substances and 

commonly handled liquid bulk materials.  

 

• Energy content of selected solid biomass can be 2 times lower 

than coal, bulk density can be 4 times lower. To achieve same 

energy content up to 8 times more volume is required.   

 

• Differences between solid biomass and coal (bulk density, energy 

content, angle of repose, wall friction, effective angle of internal 

friction). 
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3. Equipment – Solid biomass 
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Equipment (cont.) – Liquid biomass 
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Equipment (cont.) 

• Handling and storage equipment is mainly designed for 

commonly handled bulk materials (e.g. coal, iron ore, vegetable 

oils, biodiesel). 

 

• To check if equipment can cope with biomass materials and 

products, compare material properties between biomass and 

commonly handled bulk materials. 

 

• Majority of the equipment deployed at a terminal will need to be 

adjusted to cope with large scale solid biomass materials and 

products.  
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4. Simulation model 

• Known: 

– Material properties 

– Types of equipment 

– Handling methods/processes 

 

• Not known: 

– Vessel arrival pattern 

– Modal split (hinterland) 

– Numbers of equipment 

– Replenishment of the storage stocks 

 

• Simulation: 

– Cope with stochastic effects 

– Sketch possible outcomes based on different design 

conditions and scenarios 
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Simulation model – structure 
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Simulation model – configuration of 

the terminal 

• Layout (size in terms of m²) 

 

• Equipment 

– Handling equipment and capacity (ton/hr) 

– Storage equipment and capacity (ton, m3) 

 

• Operation control (e.g. storage stock level management) 
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Simulation model – Key Performance 

Indicators 

• Waiting time of ocean going vessels and hinterland transporter 

(average, max, 95% percentile, pattern). 

 

• Waiting queue length of ocean going vessels and hinterland 

transporter (average, max). 

 

• Utilization rate of equipment. 

 

• Material Storage time and storage capacity. 
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Simulation model – structure  
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Simulation model – experiment setup  

Class DWT (tons) 

Bulk Carrier Panamax 60,000 

Tanker Panamax 70,000 

Bulk Carrier Handymax 40,000 

Tanker Handymax 40,000 

Bulk Carrier Capesize 100,000 

Tanker Suezmax 150,000 

• CI: confidence interval; SD: standard deviation; n: number of 

repetitions; α: significance level.  

• Solid/Liquid ratio: 60/40. 

 

• Number of unloading points: 2 

 

• Working hours per year: 8760 hours.  
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Simulation model – experiment setup 

(cont.) 

• Number of repetitions: 20 times. 
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Simulation model – experiment setup 

(cont.) 
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Simulation model – initial results 
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Simulation model – initial results 

(cont.) (uniform arrival) 
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5.  Publications and future planning 
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1 
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Test materials 
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Experiments  
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Experiments (cont.) 

2 


