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Transport in the forest industry 

• Transport is a strategic component for companies that 

manage complex wood and biomass supply chains 

• Globally, the transport of roundwood and biomass 

from the forest to consumption centres accounts for 

up to half of the operational costs in the forest supply 

chains, which means millions of dollars for the 

forestry industry 

• Even small improvements in efficiency can mean 

significant savings in transport costs, which would 

flow directly to the single firm and the benefits would 

also extend to haulage contractors and truck drivers   

 

 



Why controlling MC? 

Maximising volume capacity 

Reducing Truck fleet 

Reducing transport cost 

Also reduction of GHG emissions 

and greater heating value (biomass) 



Impact on drying on raw material  

losses 

• In-forest drying can result in volumetric variations 

which can be negative (due to shrinkage) or positive 

(due to splitting) 

• Anecdotal evidence from forest operators and 

managers indicate that volumetric variations of up 6% 

per year might be expected after drying Eucalyptus 

globulus logs for periods exceeding eight months.  

• In-forest drying, storage, and handling of forest 

residues can result in high DMC losses, which affects 

the quantity and quality of the biomass delivered to 

energy plants 



Research objectives 

• Analyse the impact of drying and raw material losses on 

wood and biomass supply chains costs and GHG 

emissions 

 Impact on the MC% of roundwood and biomass delivered to 

customers 

 Impact on drying time of roundwood and biomass in the forest 

 Impact on the tonnes of roundwood and biomass delivered to 

customers 

 Impact on truckloads  

 Impact on costs and GHG emissions 

 

 



Integrated transport approach 



MCPLAN – Planning tool 

• Linear programming harvest scheduling system that  

provides optimal drying times for roundwood and biomass 

• Objective function: Minimization of supply chain costs, 

including harvest, storage, chipping, transport 

• Constraints: Demand for roundwood (m3) and biomass 

(MWh), even harvest volumes, no storage, minimum MC, 

etc. 

• Decisions are driven by drying curves (MC) 

• Sensitivity analysis of different parameters   



MCPLAN – Planning tool 



MCPLAN – Outputs 



Drying curves in MCPLAN 



Case study - Scenarios 

• Scenario 1 (base): Drying, no volumetric reductions 

(logs), no dry matter losses (residues) 

• Scenario 2: Drying, volumetric reductions (logs) = 

0.25%/month, dry matter losses (residues) = 

0.5%/month 

• Scenario 3: Drying, volumetric reductions (logs) = 

0.5%/month, dry matter losses (residues) = 0.5%/month 

• Scenario 4: No drying, no volumetric reductions (logs), 

no dry matter losses (residues) 

 

 

 

 



Case study – Asturias, Spain 

Demand  for roundwood (E. globulus): 1.1 M t  

Demand for residues (bundles): 420,000 t 

14 Supply areas 



Supply chain I - Roundwood 

Parameters & conversion 

factors 

Basic density (kg/solid m3) 

Truck net payload (tonnes) 

Truck gross volume (m3) 

One-way distance (km) 

Volumetric reduction 

(%/month) 

Interest rate (%/month) 

MAI (m3/ha/year) 

Harvest age (years) 

565 

25.5 

65.6 

9-186 

0-0.5 

 

0.5 

15.0 

15.0 

Cost Parameters 

Harvesting ($/t) 

Chipping ($/t) 

       >50% MC 

        35-50% MC 

        <35% MC 

Transport ($/t-km) 

Drying (m3) 

 

14.4 

 

9.5 

9.7 

10.0 

0.15 

f(harvesting 

cost, 

losses, 

interest 

rate) 



Parameters & conversion factors 

Basic density (kg/solid m3) 

Solid content (wood chips) 

Ratio bulk-m3 to solid-m3 

Truck net payload (tonnes) 

Truck gross volume (m3) 

One-way distance (km) 

Material loss rate (%/month) 

Interest rate (%/month) 

Biomass factor  

Energy content residues 

(GJ/t) 

350 

0.42 

2.38 

25.5 

65.6 

9-186 

0-0.5 

0.5 

0.15 

17.2 

Supply chain II – Residues 

Cost Parameters 

Bundling + 

Extraction ($/t) 

Chipping ($/t) 

       >50% MC 

        35-50% MC 

        <35% MC 

Transport ($/t-km) 

Drying (m3) 

 

17.3 

 

7.5 

7.7 

8.0 

0.15 

f(harvesting 

cost, losses, 

interest rate) 



GHG emissions 

𝐸 =
𝑄 × 𝐸𝐶 × 𝐸𝐹𝑗

1000
 

E = emissions of CO2, CH4 & N2O from diesel oil (CO2-e kg) 

Q = quantity of diesel combusted for transport energy purposes (L) 

EC = energy content factor of diesel oil used for transport energy 

purposes (38.6 Gigajoules per kilolitre)  

EFj= emission factor for each gas type (j) for diesel oil (kilograms CO2-e 

per gigajoule) used for transport energy purposes 

EF CO2 = 69.9, EF CH4 = 0.1 EF N2O = 0.5 



Results: MC roundwood 

Scenario 1: drying, 
no losses 
Scenario 2:  drying, 
Small losses 
Scenario 3: drying, 
Moderate losses 
Scenario 4: no 
drying 
 



Results: MC roundwood 

Supply 

area 

Distance to 

plant 

(km) 

MC 

SC1 

(%) 

MC 

SC2 

(%) 

MC 

SC3 

(%) 

MC 

SC4 

(%) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

9.3 

34.7 

36.5 

41.1 

70.8 

71.8 

90.2 

100.8 

113.0 

122.7 

157.9 

163.9 

168.7 

186.4 

55.6 

55.0 

52.8 

50.9 

47.8 

46.0 

44.7 

43.0 

42.2 

40.0 

39.7 

39.0 

39.0 

39.0 

56.0 

55.0 

54.0 

51.8 

49.6 

48.0 

46.4 

47.0 

43.2 

40.0 

40.0 

41.0 

41.0 

41.0 

56.0 

56.0 

55.1 

53.7 

51.3 

49.0 

48.7 

48.0 

45.9 

44.0 

43.7 

40.0 

40.0 

40.0 

56.0 

56.0 

56.0 

55.2 

54.2 

53.0 

53.0 

53.0 

52.1 

52.0 

51.4 

51.0 

51.0 

51.0 

Range 

Average 

177.0 

97.7 

16.6 

45.3 

16.0 

46.7 

16.0 

47.9 

5.0 

53.2 



Results – Drying time roundwood 

Supply 

area 

Distance to 

plant 

(km) 

SC1 SC2 SC3 SC4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

9.3 

34.7 

36.5 

41.1 

70.8 

71.8 

90.2 

100.8 

113.0 

122.7 

157.9 

163.9 

168.7 

186.4 

0.4 

0.0 

2.7 

6.4 

7.8 

14.2 

6.6 

6.2 

7.5 

3.0 

6.6 

13.0 

13.0 

13.0 

0.0 

0.0 

0.9 

3.5 

3.9 

9.0 

5.3 

11.5 

3.8 

3.0 

4.6 

16.0 

16.0 

16.8 

0.0 

0.0 

0.0 

0.5 

2.6 

1.0 

1.7 

1.0 

3.2 

1.0 

4.5 

4.0 

4.0 

5.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Range 

Average 

177.0 

97.7 

14.2 

7.2 

16.8 

6.7 

5.0 

1.8 

0.0 

0.0 



Results – Tonnes delivered 

roundwood 

Scenario 1:  
712,752 t 

Scenario 2:  
730,096 t (+2.4%) 

Scenario 3:  
756,433 t (+6.1%) 

Scenario 4:  
818,965 t (+14.9%) 

 

Total delivered per year 

56,000 m3/month 



Results – Truckloads roundwood 

Scenario 1:  
27,951 

Scenario 2:  
28,631 (+2.4%) 

Scenario 3:  
29,664 (+6.1%) 

Scenario 4:  
32,116 (+14.9%) 

 

Truckloads per year 



Results – GHG emissions (transport) 

Scenario 1:  
4.94 M t 

Scenario 2:  
5.11 M t (+3.4%) 

Scenario 3:  
5.30 M t (+7.4%) 

Scenario 4:  
5.83 M t (+18.1%) 

 

Total GHG emissions 



Results – Supply chain costs 

Scenario 1:  
41.7 

Scenario 2:  
42.3 (+1.4%) 
Scenario 3:  

42.8 (+2.8%) 
Scenario 4:  

44.4 (+6.5%) 
 

Supply chain costs ($/m3) 



Results – Supply chain costs for 

roundwood 

Supply 

area 

Distance to 

plant 

(km) 

SC1 SC2 SC3 SC4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

9.3 

34.7 

36.5 

41.1 

70.8 

71.8 

90.2 

100.8 

113.0 

122.7 

157.9 

163.9 

168.7 

186.4 

32.4 

36.5 

36.1 

36.5 

40.6 

42.1 

42.3 

43.2 

44.9 

44.4 

49.5 

50.2 

50.9 

53.4 

 

32.5 

36.5 

36.6 

36.5 

41.0 

40.5 

42.4 

46.0 

45.0 

44.6 

49.8 

54.9 

55.6 

58.0 

 

32.5 

37.4 

36.9 

37.0 

41.9 

40.2 

43.3 

44.4 

45.8 

46.1 

52.1 

50.7 

51.4 

54.1 

 

32.5 

37.4 

37.7 

37.9 

42.6 

41.7 

45.0 

46.9 

48.2 

49.8 

55.4 

55.9 

56.7 

59.8 

 



Summary 

1. An optimised planning approach is required to improve 

the efficiency of wood and biomass supply chains 

2. Drying curves constitute a key parameter in the 

optimization model implemented in MCPLAN 

3. Log drying can result in 15% less truckloads and 18% 

less fuel consumption and GHG emissions 

4. Big savings in supply chain costs can be expected by 

drying logs before delivery (up to $2.7/m3)  

5. The magnitude of the cost reductions will depend on the 

raw material losses assumed in the model (further 

investigation!)  
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