
Volume, physical characteristics and costs of harvest residue utilization of Pinus radiata as  

an energy source 

Acuña, E.; Cancino, J.; Rubilar, R.; Silva, L. 

 

Custos e @gronegócio on line - v. 13, n. 1 – Jan/Mar - 2017.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

442 

Volume, physical characteristics and costs of harvest residue utilization of 

Pinus radiata as an energy source 
 

Reception of originals: 11/26/2015 

Release for publication: 04/20/2017 

 

Eduardo Acuña (corresponding author) 

Dr. Agricutural Economics, Universidad de Córdoba, España 

Institution: Facultad de Ciencias Forestales, Universidad de Concepción 

Address: Victoria 631, Barrio Universitario, Concepción, Chile 

E-mail: edacuna@udec.cl 

 

Jorge Cancino 
Dr. Ciencias Forestales, Georg-August Universität. Göttingen. Alemania 

Institution: Facultad de Ciencias Forestales, Universidad de Concepción 

Address: Victoria 631, Barrio Universitario, Concepción, Chile 

E-mail: jcancino@udec.cl 

 

Rafael Rubilar 
Ph.D. in Forestry. North Carolina State University. Raleigh, USA. 

Institution: Facultad de Ciencias Forestales, Universidad de Concepción 

Address: Victoria 631, Barrio Universitario, Concepción, Chile 

E-mail: edacuna@udec.cl 

 

Luis Silva 
Ingeniero Forestal, Universidad de Concepción 

Institution: Facultad de Ciencias Forestales, Universidad de Concepción 

Address: Victoria 631, Barrio Universitario, Concepción, Chile 

E-mail: luis.silvaparra@masisa.com 

 

Abstract 

 

Rising costs and environmental concerns on fossil fuels have resulted in a growing interest as 

well as a development opportunity for biofuels. The biomass of woody residues that becomes 

available after the forest harvest of stands of Pinus radiata D. Don is a potentially important 

source of biomass for bioenergy in Chile. Questions remain whether the removal of a fraction 

of this material would constitute a sustainable forestry practice and in what types of soils, 

given the potential impact on soil nutrient cycling and other functions of the ecosystem. The 

aims of this study were to determine the amount of residues left in the stand which can be 

operationally extracted with mechanized equipment, characterize them physically and to 

determine the costs of the recovery tasks and transport to processing centers. It is estimated 

that in average, the biomass of harvest residues potentially available as raw material in the site 

is between 12.1 and 33.9 Mg ha
-1

. The chipping of residues with grinder or hammer knife 

rotor equipment that grind the material by an impact against an internal anvil generates 10 % 

of the material with a particle size less than 3 mm. Thus, the average cost of harvest residues 

placed on arrival was USD 10.81 loose m
-3

 that, according to the change at the time of the 

study represents CL$ 6,686 loose m
-3

. This figure becomes attractive respect to other values 

paid by the companies for the supply of biofuel chips. Based on these estimations it can be 

pointed out that the use of harvest residues as feedstock in energy plants is cost-competitive. 
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1. Introduction 

 

Global interest on the use of alternative renewable sources of energy such as biomass 

fuel is still increasing. In Chile, the high process of fossil fuels and the new energy policy 

have been the main drivers for the development of an increasing interest in the replacement of 

traditional non-renewable sources of energy by renewable energy sources. 

The Act 19,940 modified the General Act of Electrical Services, improving the 

regulatory framework of access to the market of electricity generation connected to the 

network by small generation plants. In this area the non-conventional energy sources operate, 

as well as the co-generation projects. Provisions are primarily designed to ensure the right of 

any owner of generating means in order to sell his (her) energy in the spot market at an 

instantaneous marginal cost and the surplus power at power node price. In addition, 

conditions to provide greater stability and security in the remuneration of the energy from 

small generation plants are provided, particularly for those whose power surplus to the 

electric system does not exceed 9 MW, and less for generators of less than 20 MW in size. By 

means of these provisions, the State is substituting non-renewable sources of energy with 

renewable sources such as wind power, biomass from agriculture activities (raw material 

residues) and production of woody biomass. 

Forest harvesting activities in P. radiata stands generate woody residues mainly 

consisting in cones, twigs and bits of stems. This material excludes stumps and smaller 

materials not feasible to be operationally collected with mechanized equipment (small twigs, 

needles and other wood chips). It is recommended that these materials remain in place to 

perform ecological functions. In the past, all this material probably would have been cordoned 

and burned in order to prepare the site for forestation. However, the growing interest for 

biomass as a renewable source of energy has created a market for the exploitation of residues 

and their use as biofuel chips. The forest site and the objectives of the silvicultural 

management (i.e. composition of accompanying species, diameter distribution, quality of 

trees, physicochemical properties of the soil and the microrelief) together with the harvesting 

systems used (mechanized or semi-mechanized systems, loping inside the stands or in the 

roadsides) and the types of residue recovery equipment are all variables that determine the 
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economically feasible use of the biomass residual to the forest harvesting (Perlack et al., 

2005). 

The literature on the woody biomass also addresses a number of environmental, 

ecological, economic and logistic issues related to both collection and transport of biomass. 

This includes research on the analysis of life cycles, energy consumption and carbon 

emissions associated to the production of biomass with respect to traditional fossil fuels 

(Guest et al., 2013), the sustainable levels of removal of woody biomass (Noormets et al., 

2012), the environmental impacts associated to the woody biomass removed (Raulund-

Rasmussen et al., 2008; Singh et al., 2012), the characteristics of the supply chain and 

selection (Nilsson et al., 2013), the particle size distribution of the chips (Spinelli et al., 2005; 

Assirelli et al., 2013), the harvest productivity and the costs (Spinelli e Visser, 2009; 

Bergseng et al., 2013; Sessions et al., 2013). 

Commercialization of the biomass generated in the use of residues of the harvest is 

subjected to: i) the amount recovered per area unit intervened and ii) the average unitary cost 

at the time of delivery to industrial plants. In the first case, the harvesting residues can be 

evenly scattered in piles or in the roadsides, depending on the harvesting method used and the 

mechanization level. Regarding costs, biomass supply curves have been constructed in order 

to explain the relation between the delivered amount and the average cost per unit. Thus, the 

changes in national energy policies have created opportunities for the utilization of the forest 

biomass as an alternative long term product, in sufficient quantities and at competitive prices 

for thermal plants associated to the forestry industry. 

The review of the literature revealed a lack of studies that analyze the use of harvest 

residues in P. radiata stands in Chile (Guzmán, 1984; Bidart et al., 2009; Seiffert et al., 2009; 

Acuña et al., 2010). In order to partially address this information gap, this study was aimed to 

determine the average operation time and the productivity of the equipment involved in the 

use of harvest residues, as well as the supply costs of chip residues placed in seven final 

consuming centers. Along with this, the study was aimed to characterize the generated 

residues by means of their particle size, variation of the moisture content according to the 

time of the year and conversion factors between apparent loose volume and dry weight (loose 

m
3
 to Mg). 
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2. Methods 

2.1. Study area 

 

Data records were performed in residue recovery tasks in 19 forest farms (15 in the 

Biobío Region and 4 in the Maule Region). The study was carried out during 22 months. The 

surfaces intervened in the recovery of harvest residues were determined on the basis of the 

total surfaces of the harvested stands (Table 1). In all cases, the recovery of the biomass was 

performed with less six months old in relation to the harvesting date of the stands. In the 

determination of the intervened surfaces, the normal cartography in the operations of the 

companies Masisa S.A. (Masisa), of Forestal Mininco S.A. (Formin) and the forest farm of a 

third party were used. 

 

Table 1: Farms per company, surfaces intervened and geographic location. 

Farm 
Surface 

(ha) 
Commune 

Coordinates UTM Datum WGS84 

Spindle East North 

Dadinco 96.5 San Nicolás 18H 749095,95 5951201.64 

El Tollo 5.0 Quirihue 18H 707081,87 5992536.02 

Las Burras-Los Venados 67.8 Cauquenes 18H 723291,91 6010863.61 

Llohué 118.5 Ninhue 18H 735324,14 5979953.97 

Lloimavida 452.3 Parral 19H 269286,50 5977393.65 

Lomas de Quilleco 397.7 Quilleco 19H 235339,98 5848397.35 

Ranchillo 68.5 Longaví 19H 282876,78 6002459.68 

Sta. Rosa 2 58.0 Cabrero 18H 751718,41 5892810.65 

Trehualemu 154.2 Pelluhue 18H 705101,77 6019614.27 

Cerro Verde 82.5 Yumbel 18H 764624,46 5890891.94 

El Carmen 213.5 Yumbel 18H 723502,53 5887066.99 

El Pino II 76.2 Laja 18H 752179,73 5891264.57 

El Pino III 88.9 Cabrero 18H 724.356,80 5873966.04 

La Aguada 161.2 Cabrero 18H 729902,55 5580733.32 

Lo Moreno 190.6 Los Ángeles 18H 757045,33 5879345.37 

Palinco 150.0 Yumbel 18H 706660,10 5896770.34 

Primavera 75.0 Cabrero 18H 745861,71 5888719.15 

Tapihue 122.3 Cabrero 18H 730958,83 5884647.00 

Lomas Coloradas 50.0 Coronel 18H 665313,64 5915516.78 

Total 2,628.7     

 

2.2. Method of recovery, storage, chipping and transport 

 

All operations were carried out through the company Biomasa Chile Ltda. (Biomasa 

Chile). This company, by means of a long term contract with Masisa performed the necessary 
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investments in order to purchase and operate the specific equipment required by such task. 

Fundamentally, the operation consisted of: i) recovery and storage of harvesting residues with 

two excavators (CAT 320 CL) implemented with rakes (Figure 1A); ii) primary transport of 

residues by means of a grapple skidder. This machine transported the most distant residues to 

the roadsides where they were stored (Figure 1B); in a deferred operation, residue chipping 

was performed through a hammer grinder (CBI Magnum Force 8400 or Peterson 4710 B) fed 

by an excavator and immediately the chips were loaded onto chip trucks (Figures 1C and 1D). 

Once the volume of the trucks was completed, these were shipped to the processing plants. 

 

  

  

Figure 1: A) Collection of harvest residues with an excavator, B) Primary transport of 

residues through a grapple skidder, C) Residue chipping with a Peterson 4710 B grinder, 

and D) Residue chipping with a CBI Magnum Force 8400 grinder. 

 

Chips from residues were shipped to seven industrial plants (i.e. Masisa S.A., CMPC 

Celulosa S.A., Paneles Arauco S.A. and Energía Verde S.A.) (Table 2). The determination of 

the processing center for each trip was based on marketing agreements achieved by the 

Deputy Manager of Forest Supply of Masisa and the processing centers, though not 

necessarily through a criterion of optimizing transport distances between the farms of origin 

A B 

C D 
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and the destination. This was due to the fact that because of being a new material (harvest 

residues chips for industrial use), the thermal plants presented restrictions respect to the 

maximum daily delivery volumes. This aspect was put into practice against eventual problems 

of particle sixe, moisture content and percentage of inert products that could be contained 

(earth and sand). These factors would hinder the operation of the boilers. 

 

Table 2: Destination of the harvest residues chips and their location. 

Company Destination 
Coordinate UTM Datum WGS84 

Spindle East North 

MASISA S.A. Cabrero Plant 18H 732334.52 5897101.04 

 Mapal Plant (Coronel) 18H 665364.08 5917814.33 

CMPC Celulosa S.A. Laja Factory 18H 702951.63 5870315.98 

 Pacífico Factory 18H 721510.11 5814695.11 

 Santa Fe Factory 18H 707525.10 5845163.00 

Paneles Arauco S.A. Cholguán Plant 18H 760742.26 5885701.25 

Energía Verde S.A. EVSA-Bucalemu 18H 730152.39 5883229.08 

 

2.3. Determination of the volumes per origin, trip and destination 

 

The common measuring variable to all destinations and all trips was the apparent 

volume in loose cubic meters (loose m
3
) of the residue chips. In the case of the arrivals at 

CMPC Celulosa S.A., Paneles Arauco S.A. and Energía Verde S.A. only the information on 

apparent volume received per transport unit was recorded. In the case of the arrivals at Masisa 

S.A., in addition to the apparent volume and depending on the internal destination of the 

product, the received volume was considered by the processing centers. This is to say that the 

loose volume indicated at the reception of the arrivals and not the loose volume indicated in 

the dispatches from the farm of origin was considered. 

The surface intervened in the recovery of the biomass was determined on the basis of 

the farm cartography used in the precedent harvesting operations. Therefore, the availability 

of biomass was determined based on the ratio of the total loose volume received from each 

farm and the corresponding surface on which the recovery operation of harvesting residues 

was carried out. 
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2.4. Physical characterization of the chips 

 

For the physical characterization of the residue chips and in order to provide a better 

monitoring and record of the variables under study, a random sample of 227 trips was defined. 

All destinations of the trips were to Masisa. Particle size distribution and moisture content 

was determined to the raw material. Based on the latter, apparent density (Mg m
-3

) and the 

conversion factor from cubic meters to dry Mega grams (loose m
3
 to Mg dry

-1
) was also 

determined. The determination of the moisture content in dry basis was performed to aliquots 

of biomass under the standard EN 14774-1:2011. This process was determined in the Raw 

Material Control Laboratory of Masisa in its plants of Cabrero and Mapal. The year was 

divided into trimesters, seeking to differentiate the moisture content of the residue chips in 

relation to the whether season in which the use of residues was performed. Thus, the four 

trimesters were: dry (January to April, with low probability of rainfall and high temperatures), 

winter (May to August, with abundant rainfall and low temperatures), and spring (September 

to December, with lower amount of rainfall and increasing environmental temperature). The 

net weight of the green biomass of each trip was recorded by the weighting scales of each 

load receptor industrial plant. The apparent density was determined on the basis of the ratio 

between the green weight and the loose volume. 

The calculation of the moisture content in percentage, dry weight basis, was carried 

out as follows: 

 

   [1] 

 

Where  is the percentage of the moisture content base on dry weight, 

 is the moisture content (g), wW  is the wet weight (initial) of the sample (g), 

and dW  is the dry weight (final) of the sample (g). 

Dry weight per transport unit was determined after knowing the moisture content. This 

aspect was ascertained according to the following relation, based on the previous equation: 

 

  [2] 
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The particle size was determined to aliquots and sent to the same laboratories. 

Different particle sizes were separated in a vibrating screen, where the samples were placed 

for five minutes, according to the standard EN 15149-1:2011. The particle size ranges 

differentiated were: d < 3 mm considered fine; 3 < d < 6. 6 < d < 19 and 19 > d < 45 mm, 

were accepted in the process and d > 45 mm. The latter was considered as oversize. 

 

2.5. Machine productivity and cost of residue chips placed on arrival 

 

The productivity of the equipment was determined by relating the total hours operated 

per each machine, in each phase and farm (recovery, storage, chipping and loading), with the 

surface collected in each farm. The mean distances to the processing plants were weighted by 

the average volume received from each origin. 

The cost per volume unit per each unit-destination pair corresponds to the values paid 

by the Industrial Division of Masisa to Biomasa Chile on monthly payments for the services 

of collection, storage, chipping, transport and dispatch of biomass. The fee for the residue 

chips put on arrival indicated by Masisa consisted on the following items: 

a) Cost of recovery task, collection of harvest residues in the roadside and chipping. 

b) Variable cost per segment of transport distance (i.e. 0-50, 51-100, 101-150, 150-200, 200-

250 and > 250 km.). 

c) Other variable costs for special situations, Cost paid for intermediate storage tasks 

(intermediate courts). This activity was necessary to be performed when the topography of 

the forest farms and the road network not allowed the truck and trailer to enter to the 

original stand. In those cases in which it was not possible to dispatch truck and trailer 

directly from the stands, the cost of intermediate storage are included (i.e. Trehualemu, 

Ranchillo, Lloimavida). 

 

The criteria for establish the industrial center of destination or consumption were 

determined primarily determined by criteria of sale feasibility or consumption of the material. 

For this reason, destinations and mean distances of supply were not necessarily the most 

suitable from the logistic point of view of minimizing the transport distances, but rather the 

feasibility criterion of sale prevailed. 

 

2.6. Statistical analysis 
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At this point it is necessary to insist that in general, in all forest farms revised, the 

permanence of the harvest residues, during harvesting, chipping and dispatch fluctuated 

between three and four months. The average moisture content of the residue chips has a 

relevant importance on the cost of the final transport. This is due to the fact that with very wet 

materials the trucks complete their maximum legal load without exceeding their maximum 

volumetric load. In addition, the moisture content directly affects the transformation factor to 

dry weight (loose m
3
 to Mg dry

-1
), because the latter parameter is the final variable for the 

industrial plants to work with, in order to quantify both their raw materials of processes and 

their lignocellulosic fuels. 

Finally, data collected were analyzed by means of the PROC NPAR1WAY procedure 

for unbalanced data of the SAS statistical package (Sas Institute Inc., 2014), because in a first 

stage of analysis it was detected that not all the variables of interest of the study had a normal 

distribution and this was not achieved even after performing Box-cox transformations. 

 

3. Results 

3.1. Total volume produced, intervened surface and yield per surface unit 

 

During the data capturing period 2,628.7 hectares were intervened, including 50 ha of 

a forest farm not belonging to forest companies. In total, 341,808 loose m
3
 were produced, 

including 12,479 loose m
3
 (4 %) form the farm of a third party. Regarding the geographic 

origin, 72 % (246,827 loose m
3
) were generated in the Biobío Region and the remaining 28 % 

(94,981 loose m
3
) in the Maule Region. The average recovered biomass yield registered per 

surface unit reached 130 loose m
3
 per ha-

1
, with a great variability between farms. The lowest 

observed yields were recorded in El Tollo, with 86 loose m
3
 (forest farm located in the 

Quirihue area, with medium slopes and abrupt topography) and in La Aguada, with 87 loose 

m
3
 per ha

-1
 (farm located in a sandy area, with flat topography). On the other hand, the highest 

yields were observed in Lomas de Quilleco, with 169 m
3
 per ha

-1
 (forest farm from the sandy 

are, with flat topography); and El Carmen, with 152 m
3
 per ha

-1
 (also belonging to the sandy 

area). 

An exceptionally high yield (250 loose m
3
 ha

-1
) was observed in Lomas Coloradas 

forest farm. This farm is located adjacent to the road Concepción- Coronel, in a peri-urban 

area. The high figures of biomass collected are due to the fact that the use of land is about to 
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change, from forest to urban. Thus, not only the primary harvest residues are used with 

greater intensity, but parts of the root systems were also included. Although the value 

recorded in this specific situation is not comparable with the other farms, in which the main 

goal of biomass recovery was to prepare the harvested surface for reforestation; it is useful in 

order to gauge the amount of recovery of residues in nearby urban areas that can undergo this 

change in the land use (Table 3). 

 

Table 3: Yield in recovery of residue chips according to origin. 

Farm 
Total volume 

(loose m
3
) 

Relative 

surface (%) 

Worked 

surface (ha) 

Yield 

(loose m
3
 ha

-1
) 

Dadinco 10,547 3.08 96.5 109.30 

El Tollo 430 0.13 5.0 86.00 

Las Burras-Los Venados 7,300 2.13 67.8 107.67 

Llohué 10.912 3.19 118.5 92.08 

Lloimavida 62,879 18.36 452.3 139.02 

Lomas de Quilleco 67,366 19.67 397.7 169.39 

Ranchillo 8,548 2.50 68.5 124.79 

Santa Rosa 2 6,788 1.98 58.0 117.03 

Trehualemu 16,624 4.85 154.2 107.81 

Cerro Verde 9,892 2.89 82.5 119.90 

El Carmen 32,421 9.47 213.5 151.85 

El Pino II 7,110 2.08 76.2 93.31 

El Pino III 14,289 4.17 88.9 160.73 

La Aguada 13,978 4.08 161.2 86.71 

Lo Moreno 22,073 6.44 190.6 115.81 

Palinco 13,631 3.98 150.0 90.87 

Primavera 10,061 2.94 75.0 134.15 

Tapihue 15,171 4.43 122.3 124.05 

Lomas Coloradas 12,479 3.64 50.0 249.58 

General total 342,497 100,00 2,628.7 130.29 

 

3.2. Physical characterization 

 

The 227 trips randomly selected for analysis and received in Masisa plants (Cabrero 

and Mapal) mobilized a total of 21,224 loose m
3
, volume that corresponds to 6.2 % of the 

total volume processed during the performance of the study. 

 

3.2.1. Moisture content 
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Statistically significant differences were found in the average moisture content of the 

chipped residues among the different trimesters analyzed (p<0.0001). Thus, in the summer 

season (January- April) an average moisture content of 22.7 % was detected. In the winter 

season, the moisture content reached 62.2 % in average and in the spring season, the average 

was 85.5 % (September-December). No statistically significant differences were detected 

between the last two trimesters (Figure 2). Harvest residues in the spring season, despite being 

a season with lower rainfall and higher temperatures respect to winter season, present higher 

average moisture content, though with les dispersion range. This can be attributed to two 

reasons: i) during the winter season the harvest residues stored to be chipped deferred absorb 

an important amount of water which is very slowly lost, and ii) the residues harvested during 

the winter season do not loose their moisture content until the summer season. 
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Figure 2: Moisture content in dry basis of the residue chips and its seasonal variation. 

The dashed line represents the mean; the continuous line the median; the ends of the 

columns represent 25 and 75 % quartiles; and the error bars represent the standard 

variation of the data. 
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3.2.2. Particle size of chips 

 

Eighty-two percent (82 %) of the chips presented a particle size in the range between 3 

and 45 mm, which is the optimum range for the industry of the combustible chips. The most 

frequent chip size was in the range of 6 and 19 mm, with 41 % of the total. The oversize that 

corresponds to chips with particle size greater than 45 mm in any of their edges represented 8 

%. The fine fraction, whose size is less than 3 mm, represented 10 %. The average size per 

range and its most relevant statistical parameters are presented in Figure 2. 
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Figure 2: Particle size participation of the residue chips. Dashed line represents mean; 

continuous line, the median; the ends of the columns represent 25 and 75 % quartiles; 

and color bars are the standard deviation of the data. 

 

The range greater than 45 mm, considered oversize can be tolled to reduce its particle 

size and be reincorporated into the process. This involves adding a new cost. As fuel, chips 
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larger than 45 mm usually generate problems to the in the dragging systems of the material to 

the boiler, because these chips stuck the dragging chains. On the other hand, the range less 

than 3 mm is less desired as fuel, because it presents a minimum residence time in the grid 

and it may present an explosive behavior at the combustion time when it is too dry. 

 

3.3. Average operation time and equipment productivity 

 

In the task of recovery and storage of harvest residues, the excavators recorded an 

average time of 4.4 h ha
-1

, whereas the grapple skidder recorded an average of 1.7 h ha
-1

 

(Table 5). The shorter time of the excavators can be explained by the use of timber from the 

whole tree performed in the forest farms under study, because these farms are mostly flat in 

terms of topography. In this exploitation system, the felling is carried out with feller, logging 

at roadsides with skidders, and limbing and bucking with a harvester head. This harvesting 

system has the advantage of concentrating more the residues, especially in the roadsides 

which is the place where the harvester heads operate. The shorter time was observed in forest 

farms with abrupt topography, condition that hindered the operation of the excavators. In such 

farms e.g. El Tollo, Las Burras-Los Venados, Lloimavida and Trehualemu, the utilization 

system was the long timber, consisting in felling and limbing with chainsaw, logging with 

skidder, and bucking with chainsaw at the roadside. Hence, this type of task leaves harvest 

residues scattered throughout the surface of the stand. 

 

Table 5: Average operation time per equipment and surface unit in the recovery of 

harvest residues. 

Forest farm 

Collected 

surface 

(ha) 

Average time (h) Average time (h ha-1) 

Recovery+ storage Chipping + loading Recovery+ storage Chipping + loading 

Excavator Skidder Excavator Grinder Excavator Skidder Excavator Grinder 

Dadinco 96.5 517 113 126 128 5,4 1.2 1.3 1.3 
El Tollo 5.0 20 5 5 4 4,0 1.0 1.0 0.8 

Las Burras-Los Venados 67.8 285 94 88 72 4,2 1.4 1.3 1.1 

Llohué 118.5 581 171 128 152 4,9 1.4 1.1 1.3 

Lloimavida 452.3 2,488 983 877 696 5,5 2.2 1.9 1.5 

Lomas de Quilleco 397.7 1,886 726 704 615 4,7 1.8 1.8 1.5 

Ranchillo 68.5 313 124 115 107 4,6 1.8 1.7 1.6 
Sta. Rosa 2 58.0 338 114 72 97 5,8 2.0 1.2 1.7 

Trehualemu 154.2 876 176 203 174 5,7 1.1 1.3 1.1 

Cerro Verde 82.5 337 145 124 103 4,1 1.8 1.5 1.2 
El Carmen 213.5 847 412 335 304 4,0 1.9 1.6 1.4 

El Pino II 76.2 194 74 72 65 2,5 1.0 0.9 0.9 
El Pino III 88.9 379 168 152 135 4,3 1.9 1.7 1.5 

La Aguada 161.2 364 171 165 144 2,3 1.1 1.0 0.9 

Lo Moreno 190.6 645 233 235 203 3,4 1.2 1.2 1.1 
Palinco 150.0 485 175 165 152 3,2 1.2 1.1 1.0 

Primavera 75.0 253 120 114 82 3,4 1.6 1.5 1.1 

Tapihue 122.3 387 188 106 139 3,2 1.5 0.9 1.1 
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The average productivity per machine-hour was 31 loose m
3
 h

-1
 for excavators and 81 

loose m
3
 h

-1
 for the grapple skidder, both operating in tasks of recovery and storage of harvest 

residues. In the chipping and loading tasks, the excavator has an average productivity of 89 

loose m
3
 h

-1
 and in the chipping equipment reached 99 loose m

3
 h

-1
 (Table 6). 

 

Table 6: Productivity of machinery according to task and farm in recovery of harvest 

residues. 

Farm  
Total volume 

(loose m
3
) 

Productivity (loose m
3
 h

-1
) 

Recovery+ storage Chipping + loading 

Excavator Skidder Excavator Grinder 

Dadinco 10,547 20 93 84 82 

El Tollo 430 21 86 86 107 

Las Burras-Los Venados 7,300 26 78 83 101 

Llohué 10,912 19 64 85 72 

Lloimavida 62,879 25 64 72 90 

Lomas de Quilleco 67,366 36 93 96 110 

Ranchillo 8,548 27 69 74 80 

Sta. Rosa 2 6,788 20 60 94 70 

Trehualemu 16,624 19 94 82 96 

Cerro Verde 9,892 29 68 80 96 

El Carmen 32,421 38 79 97 107 

El Pino II 7,110 37 96 99 109 

El Pino III 14,289 38 85 94 106 

La Aguada 13,978 38 82 85 97 

Lo Moreno 22,073 34 95 94 109 

Palinco 13,631 28 78 83 90 

Primavera 10,061 40 84 88 123 

Tapihue 15,171 39 81 143 109 

 

3.4. Average distances of supply and biomass cost on arrival 

 

The main destination of production corresponded to MASISA industrial plants, 

located in the Biobío Region (Cabrero and Mapal plants). At the Cabrero Plant, 45 % of the 

production was received (156,162 loose m
3
), with an average distance and supplying cost of 

110 km and USD 10.31 per loose m
-3

 respectively. At the Mapal Plant, 5 % of the production 

was received (16,602 loose m
3
), with an average distance and supplying cost of 127 km and 

USD 12.15 per loose m
-3

 respectively (Table 7). This is followed by Cholguán Plant, with 18 

% of the production; CMPC Celulosa S.A. Laja Factory, with 12.5 %; and Santa Fe Factory 

(Nacimiento), with 9.5 %. 
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Table 7: Destination of residue chips, average distances of supply and cost of the 

product on arrival per company and consuming center. 

Company Destination 
Volume 

(loose m3) 

Relative 

participation 

(%) 

Distance of 

average supply 

(km) 

Costs (USD m-3) 

Storage, 

chipping 

and 

loading 

Transport Others Total 

Masisa Cabrero Plant 156,436.6 45.68 127 5.73 3.12 0.71 9.56 

 Mapal Plant 16,483.7 4.81 110 4.88 3.23  8.11 

CMPC Celulosa Laja Factory 42,691.1 12.46 66 4.88 2.00  6.88 

 Pacífico Factory 4,337.0 1.27 109 4.88 3.22  8.10 

 Santa Fe Factory 32,376.2 9.45 100 4.88 2.79  7.67 

Paneles Arauco Cholguán Plant 62,404.0 18.22 97 4.88 2.89  7.77 

Energía Verde EVSA-Bucalemu 27,079.0 7.91 95 5.53 2.41 0.04 7.98 

Total  341.807.7  100.00 108 5.32 2.86 0.33 8.51 

 

MASISA industrial plants presented the highest average distance of supply. This 

longer distance amounted 127 km and it corresponds to the relevant participation of the forest 

farms of Lloimavida, located in the commune of Parral; and Trehualemu, located in the 

commune of Pelluhue. Both farms, located at 166 and 255 km respectively contributed with 

81,005 loose m
3
, 33 % of the volume sent to the Cabrero Plant. The lowest average distances 

of supply were recorded for the plants Laja Factory and Santa Fe Factory of CMPC Celulosa 

S.A. The lowest average distances of supply were recorded for the plants Laja Factory and 

Santa Fe Factory of CMPC Celulosa S.A., and they are explained because these plants were 

supplied from farms of the communes of Yumbel and Cabrero (Figures 3 and 4). 
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Figure 3: Average distance of supply according to consuming center. Dashed line 

represents the mean, continuous line, the median, ends of columns represent 25 and 75 

% quartiles and color bars represent the standard deviation of the data. 
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Figure 4: Cost of the residue chips put on final arrival and average distance of supply. 

 

4. Discussion 

 

There are approximately 2.3 million hectares of forests planted In Chile. From these, 

1.65 million hectares correspond to P. radiata and every year, about 45 thousand hectares of 

this species are harvested (Infor, 2014). According to the records of this study, in both stand 

and hectare and depending on the age of the stand and the harvesting technique employed, 

there are between 12.1 and 13.9 Mg of dry biomass of harvest residue, consisting on leaves, 

twigs and rests of stems. This material is left in site after the harvest of P. radiata plantations 

in Chile. Most of the material consists in twigs, but also there is foliage of the previous forest. 

Although the complete recovery of this material is practically impossible and maybe even not 

desirable from the perspective of the sustainability of the harvest, the fraction potentially 

recoverable still presents a significant amount of material. 

Guzmán (1984), in a study on availability of resources as energy source such as wood 

chips per geographic region and type of forest, found that in plantations of P. radiata between 

23 and 41 Mg ha
-1

 of residues can be found. These values are similar to those found in this 

study. 

Eisenbies et al. (2009) recorded values between 50 and 85 Mg
-1

 of material left in site 

of Loblolly pine stands (Pinus taeda L.). In broadleaf forests of USA the species American 
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beech (Fagus grandifolia Ehrh.), yellow birch (Betula allegheniensis Britton), canoe birch 

(Betula papyrifera Marsh.), Pennsylvania maple (Acer pensylvanicum L.), red maple (Acer 

rubrum L.), fire cherry (Prunus pensylvanica L. f.) and American poplar (Populus 

grandidentata Michaux) were the most common. Roxby e Howard (2013) recorded values 

between 35 and 45 Mg ha
-1

. 

In the recovery task of harvest residues, though there are raking systems, the most 

efficient way of collecting this material is the simultaneous collection, because no specialized 

equipment is required. In addition, this system uses less energy and produces less transit 

inside the stand. In a field trial where the use of the whole tree was considered, between 8 and 

40 Mg ha
-1

 of residues to be used as fuel, were collected. In order to achieve this, a 

conventional collection system and additional chipping in the storage field (Westbrook et al., 

2007). This amount of biomass is favorably compared with a mixed stand of hardwood forest 

in the Appalachian, in which between 20 and 35 Mg ha
-1

 of residues were produced after the 

harvest (Mccarthy e Bailey, 1994). On the other hand, in stands of Populus tremuloides 

Mischx., in Quebec 21 Mg ha
-1

 can be produced (Belleau et al., 2006). However, in stands of 

Scots pine (Pinus sylvestris L) or spruce (Picea spp.) only circa 5 Mg ha
-1

 can be collected 

(Rudolphi e Gustafsson, 2005). 

The use of forest biomass in power generation processes, beyond their technical 

feasibility only will be possible if their generation costs are competitive respect the use of 

fossil fuels. For such analysis, it should be taken into account that fossil fuels present a 

scenario of rising costs that can hardly be reversed in the future. Therefore, it is expected that 

the future trend is favorable to the utilization of biomass in processes of fuel substitution. 

Thus, the average cost of the harvest residues put on arrival observed in this study was USD 

10.81 loose m
-3

, which according to the exchange rate at the time of the study represent CL$ 

6,686 loose m
-3

. This figure becomes attractive respect to values paid by the companies for 

the supply of fuel chips. 

In conclusion, it can be said that the use of harvest residues as raw material in energy 

plants is cost-competitive. Although the studied methods of chip production from forest 

harvest residues were adequate, other alternative solutions should be taken into account, such 

as the chipping in the storage field by whole tree use method and making sheaves 

mechanically. These studies can provide different and probably better economic outcomes. 
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