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APPENDIX F: MATLAB CODE 
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APPENDIX G: DEMAND DATA FOR INSTALLATIONS 

The data provided in the table below are average data from some installations. The data was 

obtained from the Nordbø (2013), who was given the data by Professor Bjørn Egil Asbjørnslett. 

 

The data are converted into volume by the following densities [ton/m3]: 

Dry bulk 2.00 

Mud 1.73 

Brine 1.23 

Fuel 0.89 

Water 1.00 
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APPENDIX H: REFERENCE VESSEL 

The information about the reference vessel is obtained from (Westshore, 2015) 
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APPENDIX I: DETERMINISTIC INPUT FILE 
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APPENDIX J: STOCHASTIC INPUT FILE 
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APPENDIX K: REVISED DETERMINISTIC MODEL  

K.1 DEFINITIONS 

Sets 

𝒩  Set of facilities, indexed by 𝑖, 𝑗  

ℳ𝑖  Set of visit numbers at facility 𝑖, indexed by 𝑚, 𝑛 

𝒮   Set of visits (𝑖, 𝑚) where 𝑖 ∈  𝒩 and 𝑚 ∈ ℳ𝑖, indexed by (𝑖, 𝑚) 

𝒦  Set of vessels in the fleet, indexed by 𝑘 

ℋ  Set of product types, indexed by ℎ 

 

 

Parameters 

𝐶𝑖𝑗
𝐾  Operating cost for sailing from 𝑖 to 𝑗 per unit time 

𝐶𝑖
𝑂𝐾   Operating cost for sailing from depot to 𝑖 per unit time 

𝐶𝑇𝐶,𝐾  Fixed charter cost for a vessel  

𝐶ℎ
𝑇𝐶,𝑉

  Fixed charter cost for a vehicle from supplier facility ℎ 

 

𝑄ℎ
𝑉   Capacity of product ℎ for the vehicles 

𝑄ℎ
𝐾   Capacity of product ℎ for the vessels 

 

𝑊𝑖ℎ  Consumption rate at facility 𝑖 for product h per unit time 

𝑆𝑖ℎ
0   Initial stock level at offshore facility 𝑖 for product ℎ  

𝑆𝑖ℎ  Lower stock level at offshore facility 𝑖 for product ℎ  

𝑆𝑖ℎ  Upper stock level at offshore facility 𝑖 for product ℎ  

𝑆𝑖ℎ
𝑇   Stock level of product ℎ at offshore facility 𝑖 the end of the time horizon  

 

𝑇ℎ
𝐿  Time to load product type ℎ at the onshore depot  
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𝑇𝑖
𝑂   Time to sail from onshore base to offshore facility 𝑖 

𝑇𝑖𝑗  Time to sail from facility 𝑖 to 𝑗 

𝑇𝑖ℎ
𝑈   Time to unload at offshore facility 𝑖 for product ℎ  

𝑇  Time horizon 

𝑇𝑀𝐴𝑋  Maximum time a vessel can travel   

 

Decision variables 

𝑥𝑖𝑚𝑗𝑛𝑘  1 if vessel 𝑘 sails from visit (𝑖, 𝑚) to (𝑗, 𝑛), 0 otherwise 

𝑥𝑖𝑚𝑘
𝑂𝐵    1 if vessel 𝑘 sails from depot to visit (𝑖, 𝑚), 0 otherwise 

𝑥𝑖𝑚𝑘
𝑂𝐸     1 if visit (𝑖, 𝑚) is the last visit made by vessel k, 0 otherwise 

𝑤𝑖𝑚𝑘  1 if visit (𝑖, 𝑚) is made by vessel 𝑘, 0 otherwise 

 

𝑑𝑖𝑚𝑘ℎ    Amount of units of commodity of type ℎ delivered by vessel 𝑘 at visit (𝑖, 𝑚)  

𝑦𝑘ℎ  Number of vehicles that leaves facility ℎ to supply vessel 𝑘 

  

𝑠𝑖𝑚ℎ
𝐵    Stock level of commodity ℎ before visit (𝑖, 𝑚) 

 

𝑡𝑖𝑚
𝐵   Start time of visit (𝑖, 𝑚)  
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K.2 MODEL FORMULATION 

Objective function 

 min 𝑧 = ∑ ∑ C𝑖𝑗
𝐾 𝑥𝑖𝑚𝑗𝑛𝑘

𝑘∈𝒦(𝑖,𝑚𝑗,𝑛)∈𝒮

  (K.1a) 

 + ∑ ∑ 𝐶𝑖
𝑂𝐾(x𝑖𝑚𝑘

𝑂𝐵 + x𝑖𝑚𝑘
𝑂𝐸  )

𝑘∈𝒦

   

(𝑖,𝑚)∈𝒮

  (K.1b) 

 + ∑ ∑ C𝑇𝐶,𝐾x𝑖𝑚𝑘
𝑂𝐵

𝑘∈𝒦(𝑖,𝑚)∈𝒮

 (K.1c) 

 +  ∑ ∑ Cℎ
𝑇𝐶,𝑉𝑦𝑘ℎ

ℎ∈ℋ𝑘∈𝒦

      (K.1d) 

   

Routing constraints 

∑ 𝑥𝑖𝑚𝑘
𝑂𝐵

(𝑖,𝑚)∈𝒮

≤ 1 𝑓𝑜𝑟 𝑘 ∈ 𝒦   (K.2) 
 

𝑤𝑖𝑚𝑘 = 𝑥𝑖𝑚𝑘
𝑂𝐵 + ∑ 𝑥𝑗𝑛𝑖𝑚𝑘

(𝑗,𝑛)∈𝒮

 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦  (K.3) 
 

𝑤𝑖𝑚𝑘 = 𝑥𝑖𝑚𝑘
𝑂𝐸 + ∑ 𝑥𝑖𝑚𝑗𝑛𝑘

(𝑗,𝑛)∈𝒮

 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦 (K.4) 
 

∑ 𝑤𝑖𝑚𝑘

𝑘∈𝒦

= 𝑧𝑖𝑚 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮 (K.5) 
 

∑ 𝑤𝑖(𝑚−1)𝑘

𝑘∈𝒦

−  𝑤𝑖𝑚𝑘 ≥ 0 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮|𝑚 > 1 (K.6) 
 

 

Loading constraints 

∑ 𝑑𝑖𝑚𝑘ℎ

(𝑖,𝑚)∈𝒮

≤ 𝑄ℎ
𝑉𝑦𝑘ℎ 𝑓𝑜𝑟 𝑘 ∈ 𝒦, ℎ ∈ ℋ (K.7) 

∑ 𝑑𝑖𝑚𝑘ℎ

(𝑖,𝑚)∈𝒮

≤ 𝑄ℎ
𝐾 ∑ 𝑥𝑖𝑚𝑘

𝑂𝐵

(𝑖,𝑚)∈𝒮

 𝑓𝑜𝑟 𝑘 ∈ 𝒦, ℎ ∈ ℋ (K.8) 

𝑑𝑖𝑚𝑘ℎ ≤ 𝑄ℎ
𝐾𝑤𝑖𝑚𝑘 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦, ℎ ∈ ℋ (K.9) 
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∑ 𝑑𝑖𝑚𝑘ℎ

ℎ∈ℋ

≥ 𝑤𝑖𝑚𝑘 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦 (K.10) 

 

Inventory constraints 

𝑆𝑖ℎ
0 − 𝑊𝑖ℎ𝑡𝑖𝑚

𝐵 = 𝑠𝑖𝑚ℎ
𝐵  𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮|𝑚 = 1 ℎ ∈ ℋ  (K.11) 

𝑠𝑖𝑚ℎ
𝐵 − 𝑊𝑖ℎ (𝑡𝑖m

𝐵 + ∑ 𝑇𝑖ℎ
𝑈𝑑𝑖𝑚𝑘ℎ

𝑘∈𝒦

) +  ∑ 𝑑𝑖𝑚𝑘ℎ

𝑘∈𝒦

≥ S𝑖ℎ 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, ℎ ∈ ℋ|𝑚 = 1 (K.12) 

𝑠𝑖𝑚ℎ
𝐵 = 𝑠𝑖(𝑚−1)ℎ

𝐵 + ∑ 𝑑𝑖𝑚𝑘ℎ

𝑘∈𝒦

− 𝑊𝑖ℎ (𝑡𝑖𝑚
𝐵 − ∑ 𝑇𝑖ℎ

𝑈𝑑𝑖𝑚𝑘ℎ

𝑘∈𝒦

− 𝑡𝑖(𝑚−1)
𝐵 ) 

𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮|𝑚 > 1, ℎ ∈ ℋ (K.13) 

𝑆𝑖ℎ
𝑇 ≤ 𝑠𝑖𝑚ℎ

𝐸 − 𝑊𝑖ℎ(𝑇 − 𝑡𝑖𝑚
𝐸 ) 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮|m = ℳ𝑖, ℎ ∈ ℋ  (K.14) 

 

Time constraints 

𝑡𝑖𝑚
𝐵 − 𝑡𝑖(𝑚−1)

𝐵 ≥ ∑ 𝑇ℎ
𝐿𝑑𝑖𝑚𝑘ℎ

ℎ∈ℋ

 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮|𝑚 > 1 (K.15) 
 

∑ 𝑥𝑖𝑚𝑗𝑛𝑘 (𝑡𝑖𝑚
𝐵 + ∑ ∑ 𝑇ℎ

𝐿𝑑𝑖𝑚𝑘ℎ

ℎ∈ℋ𝑘∈𝒦

+ 𝑇𝑖𝑗 − t𝑗𝑛
𝐵 )

𝑘∈𝒦

= 0 𝑓𝑜𝑟 (𝑖, 𝑚, 𝑗, 𝑛) ∈ 𝒮 (K.16) 
 

∑ (𝑇𝑖
𝑂x𝑖𝑚𝑘

𝑂𝐵 + ∑ ∑ 𝑇ℎ
𝐿𝑑𝑖𝑚𝑘ℎ

ℎ∈ℋ(𝑖,𝑚)∈𝒮

)

𝑘∈𝒦

≤ 𝑡𝑖𝑚
𝐵  𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮 (K.17) 

 

𝑡𝑖𝑚
𝐵 + ∑ ∑ 𝑇ℎ

𝐿𝑑𝑖𝑚𝑘ℎ

ℎ∈ℋ𝑘∈𝒦

+ 𝑇𝑖
𝑂 ≤ T 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮 (K.18) 

 

 

Variable constraints 

𝑥𝑖𝑚𝑘
𝑂𝐵 , 𝑥𝑖𝑚𝑘

𝑂𝐸 , 𝑤𝑖𝑚𝑘 ∈ {0,1} 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦 (K.19) 
 

𝑥𝑖𝑚𝑗𝑛𝑘 ∈ {0,1} 𝑓𝑜𝑟 (𝑖, 𝑚, 𝑗, 𝑛) ∈ 𝒮, 𝑘 ∈ 𝒦 (K.20) 
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𝑦𝑘ℎ ∈ ℤ+ 𝑓𝑜𝑟 𝑘 ∈ 𝒦, ℎ ∈ ℋ (K.21) 
 

𝑑𝑖𝑚𝑘ℎ ≥ 0 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮, 𝑘 ∈ 𝒦, ℎ ∈ ℋ (K.22) 
 

s𝑖𝑚ℎ
𝐵 ≥ 0 𝑓𝑜𝑟(𝑖, 𝑚) ∈ 𝒮, ℎ ∈ ℋ (K.23) 

 

𝑡𝑖𝑚
𝐵 ∈ ℤ+ 𝑓𝑜𝑟 (𝑖, 𝑚) ∈ 𝒮 (K.24) 

 

 

 

 

 


