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Abstract. The objective of this study is to evaluate the feasibility of using forwarder-based weighing systems for 

measurement of extracted biomass to improve the accuracy of the accounting and to ensure faster production data 

flow. The study aims at comprehensive assessment of biomass measurement using a forwarder boom scale system, 

to compare it with traditional volume measurements and to develop a model for converting of a stacked biomass 

into chipped volume units (loose m³). The proposed method is intended to improve accuracy of the measurement 

of forest harvesting residues, small-diameter unbranched wood, and other types of forest biomass. During 

forwarding biomass was weighed using the Intermercato XW 50 PS grapple scales with a measurement accuracy 

of ± 2% and the integrated weighing system of John Deere forwarders. Both weighing systems were installed on 

the forwarder’s boom, between the rotator and the grapple. Despite both weighing systems provided sufficient 

measurement accuracy (with an average uncertainty of no more than 5%), the study results point out benefits of 

manufacturers – integrated weighing solutions, which offer better integration with forwarder production data flow. 

The use of the forwarders manufacturers’ integrated weighing systems also reduces the workload associated with 

initial data processing. The research also pointed out the need to evaluate available or to develop new IT solutions 

for transferring weighing data from the forwarder to a data storage system to automate the data exchange process. 
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Introduction 

The use of biomass in energy production is a crucial element in the sustainable energy supply and 

decarbonization strategy, promoting an increased share of renewable energy sources in overall energy 

consumption. Latvia’s National Energy and Climate Plan for 2030 emphasizes the role of biomass 

resources, including wood, straw, and reeds, in heat and electricity production, as well as the 

development of biofuels and biogas in the transport sector. The plan envisions investments in improving 

energy efficiency in heating, modernizing district heating systems, and utilizing local energy resources 

to reduce dependence on fossil fuels. Furthermore, the use of biomass supports sustainable management 

of natural capital, fostering the development of the forestry and agricultural sectors while integrating 

circular economy principles. These measures collectively strengthen national energy independence, 

reduce greenhouse gas emissions, and facilitate the transition to a climate-neutral economy. 

The use of biomass for energy production is becoming increasingly important as a sustainable 

alternative to fossil fuels. However, the low density, seasonal availability, and high logistics cost [1] of 

biomass present significant challenges for its efficient utilization. As noted by Nunes [2], one of the 

most critical aspects is the structuring and optimization of the supply chain, which includes resource 

collection, transportation, storage and processing. Recent advancements in remote sensing technologies 

[3] have also enabled more accurate and large-scale assessments of biomass availability, supporting 

improved planning and decision-making in wood biomass supply chains. However, there is a lack of 

research to accurately estimate the volume of wood biomass supplied; a similar problem, including 

regarding assortments, is pointed out in another article [4]. 

For the theoretical calculation of biomass volume, it is possible to adapt the equations developed 

by J. Liepiņš [5]. These equations are designed for CO₂ calculations, but despite this, they can 

theoretically be used for volume estimation before logging. The use of biomass for energy production 

involves sequential steps. Initially, biomass preparation is carried out using a harvester [6]. During 

logging operations, when using forest machines equipped with standard mechanisms for assortment 

production, roundwood logs are produced, but the additional extraction of biofuel feedstocks is not 

accounted for (as its registration is not technically feasible). The only possibility for accounting exists 

if the equipment is used exclusively for biofuel feedstock production, utilizing harvester heads designed 

for this purpose. Such data recording is also implemented in assortments – biofuel, ensuring accounting 

in the harvester’s computer system [7]. After biomass preparation it is left for storage at the felling site 

for 2-6 months, ensuring rapid drying of the material [8], [9]. After the material is stored at the felling 

site, it is transported and unloaded at a roadside storage site. During the transportation process, the 
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volume of biofuel feedstock is visually assessed, allowing an estimation of the delivered amount. This 

accounting system is feasible if the forest machine operator has several years of experience and well 

established feedback system. After transportation, the material is unloaded at the roadside storage site, 

where it is stored for another 3-6 months. In Latvia, the precise assessment of biofuel feedstock volume 

is conducted based on measurements taken at the roadside storage site [10]. Despite the existence of a 

detailed measurement methodology, there is a possibility that the measured volume may be 

underestimated or, conversely, overestimated. This can occur when converting from one volume unit 

(stacked cubic meters) to another unit characterizing biomass (loose cubic meters). Using a conversion 

coefficient, this value ranges from 0.2 to 0.7. For biofuel (wood chips) conversions a coefficient of 0.38 

is often used [9].  

Materials and methods 

During the biofuel feedstock transportation process, the Intermercato XW 50 PS weighing system 

and the John Deere integrated boom scale weighing system were used. To account the delivered volume, 

storage site measurements were performed by determining the length, the average height and width of 

the roadside storages [10].  

In the biofuel transportation process the Intermercato XW 50 PS grapple scales (Fig. 1.) were 

installed on the forwarder’s manipulator system, positioning the scales between the rotator and the 

grapple grip. The weighing system was set to an automatic operating mode. To evaluate the recorded 

number of biofuel feedstock loads, the operator was required to make additional annotations regarding 

the delivered material. Using the weighing system, the biofuel feedstock transportation process 

separately accounted for material loading (at the felling site) and unloading (at the roadside storage site). 

The records were entered via a handheld computer display by selecting the appropriate button. For 

research purposes the weighing system was activated with a global positioning signal, allowing more 

accurate calculations of the spatial distribution of the delivered volume during subsequent data 

processing, as well as for calculating the total traveled distance (equation 1). In total, using the 

Intermercato measurement system, the material was transported from 25 felling sites. The transportation 

process consumed 724.8 forwarder operating hours, collecting data on 10,154 tons of the delivered 

biofuel feedstocks from regenerative felling sites. 
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where 𝐿 – distance traveled, m; 

 𝐿𝑎𝑡 – latitude, m; 

 𝐿𝑜𝑛 – longitude. 

The John Deere weighing system is developed by the machine manufacturer and integrated into the 

forwarder’s computer system. Trials with the John Deere weighing system (Fig. 1.) were conducted 

between 07.10.2022 and 02.04.2024.  

 

Fig. 1. Weighing systems used in the study: 1 – Intermercato scale; 2 – JohnDeere scale 
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Within the study logging residues were transported to 98 roadside storage sites, including data 

collection on biofuel feedstocks transportation from 28 sites in 2024. After the material was transported 

to a roadside storage site, additional measurements were performed manually to measure the delivered 

volume, allowing the collected data to be used for development of the equation for prediction of the 

delivered biomass. Such an equation is necessary because settlements for the delivered volume are based 

on volume units (loose cubic meters, LV). After the initial data quality check data from 92 storage sites 

were used for further data processing. 

Results and discussion 

For further use of weighing systems in production conditions the quality of data collection and the 

additional time investment in data processing are crucial. When using the Intermercato XP 50 PS 

weighing system in automatic weighing mode, all measurements are recorded, including operations not 

directly related to the main work (such as moving fuel tanks, support chains, etc.). To utilize the data 

from the weighing system, post-processing is required to filter out data unrelated to direct work or 

manual recording of the loaded material is required, which increases additional working time. In certain 

cases, the Intermercato XW 50 PS weighing system cannot identify the exact weighing location. This 

occurs when the distance between the roadside storage site and the felling site is less than 10 meters. 

Additionally, issues arise when the material is transported from different forest compartments to the 

same storage site. To identify the origin of the transported material, an additional marking (by selecting 

the appropriate setting) is required in the weighing system to specify the material’s location (felling site, 

storage site, or road reinforcement).  

When comparing the weighing results using the Intermercato weighing system, a significant 

difference (p = 0.00) was found between the weights recorded at the felling site and the upper storage 

site (AGK) during the biofuel feedstock loading process. This process includes picking up separately 

placed large fractions, resulting in an overall 2.7-fold difference between loading and unloading. This 

discrepancy is related to the fact that during the loading process the same bundle can be recorded 

multiple times during picking several packets of residues during loading. The average loaded bundle 

weight at the felling site was 201 ± 154 kg, while at AGK it was 414 ± 256 kg. The large dispersion in 

the arithmetic mean value in both cases indicates that, most likely, the automatic mode records the same 

bundle multiple times (during interception, relocation and supplementation). To improve the accuracy, 

weighing should be performed manually, recording only the lifted or placed bundles. By pressing the 

weighing control pedal, the operator activates the weighing system, which records the obtained 

measurement. In some trial sites the opposite situation was observed – the volume loaded at the felling 

site was smaller than the volume unloaded at AGK. This can be explained by the fact that the weighing 

system switches to “sleep mode” if it is not used for an extended period ( < 10 min), or the weighing 

system battery is discharged, and the operator has not noticed it. To prevent this issue, the operator must 

continuously monitor whether the weighing data is being recorded in the system’s interface and must 

reactivate the weighing program after prolonged pauses.  

Based on the weighing process, the total calculated transportation distance was 345 km, with an 

average forwarding distance of 796 meters at the felling site. The travel distance significantly affects 

overall productivity. If the average distance exceeds 1 km, additional compensation is usually applied, 

such information can also be obtained from the weighing system. 

When using the John Deere weighing system, data recording occurs at the moment when the loaded 

material bundle is at a specific height above the ground, and the manipulator is positioned at a predefined 

angle relative to the cargo space: 

• during loading, this occurs before the cargo compartment stanchions, when the material is fully 

lifted; 

• during unloading, the recording takes place when the material is outside the cargo compartment. 

This mechanism nearly completely eliminates the possibility of counting the same bundle multiple 

times during the loading process while collecting material. Unlike the Intermercato XP 50 PS weighing 

system, the John Deere grapple scale does not provide information about the placement of transported 

material within the felling site. Therefore, it is not possible to assess whether the prepared material has 

been transported from all parts of the felling area. The recorded volume can be accounted for either at 
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the felling site or at the upper storage site (AGK). Incorporating boom scales into forwarders within the 

CTL system can enhance the accuracy of biomass accounting during extraction [8]. This integration 

facilitates better resource management and supports sustainable practices by providing precise data in 

the quantity of extracted residues. 

Based on the experience gained from trials with different weighing systems, the key aspects that 

need attention in the planning process for transportation of logging residues have been identified: 

• periodic calibration of forwarder weighing systems; 

• compliance of the forwarder data system with the StanForD 2010 data standard, ensuring data 

compatibility [12] and further usability; 

• weighing at the upper storage site (AGK) reduces risks associated with;  

- the use of logging residues for reinforcing technological roads, 

- repeated material weighing, if it falls off the forwarder at the felling site. 

• equipping the weighing system with global navigation satellite system (GNSS) enables data 

recording at both the felling site and AGK. This allows for more efficient tracking of biofuel 

feedstock deliveries from the entire site and determines the exact storage location, especially 

when multiple storage sites are combined. 

• operator training – operators must be informed about the purpose and necessity of data 

collection. There is a risk that the weighing system may fail to record the entire transported 

volume, for example, due to temporary data transmission failures, and operators need to have 

backup with manual records of transported volumes. 

• weighing system functionality – integrated weighing systems within the forwarder’s computer 

system ensure more detailed data recording, allowing the operator to avoid additional manual 

actions while maintaining an uninterrupted workflow. 

Based on the study results, a forecasting equation has been developed to convert the transported 

biomass feedstocks from mass units (tons of naturally moist material) to volume units (loose cubic 

meters, LV). 

The relationship between transported volume and mass is described by a linear regression equation 

(2) with a determination coefficient R² = 0.89. The model’s accuracy was evaluated using statistical 

indicators: 

• Mean Absolute Error (MAE) 22.73; 

• Mean Squared Error (MSE) 904; 

• Standard Deviation (RMSE) 30.65; 

• Percentage Root Mean Squared Error (RMSE%) 20.6%; 

• Mean Residual Error (MRES) 0.00; 

• Mean Absolute Residual Error (AMRES) 1432; 

• Model Efficiency Index (MEF) 0.899; 

• Variance Ratio (VR) 0.899. 

These statistical parameters confirm the high reliability and accuracy of the developed conversion 

model (2), making it suitable for practical application in biomass transportation planning. 

𝐿𝑉 =  20.32 +  1.50 ∗ 𝑚 (2) 

where 𝐿𝑉  – volume of logging residues transported to the upper storage site (AGK), loose cubic 

meters; 

 𝑚 – forwarder system fixed weight, in tons; 

 20.32 and 1.50 – coefficients. 

The data analysis reveals that the measured and predicted volumes are mostly similar (Table 1), but 

deviations depend on the month (January -11%, February -28%, March -11%, April -17%, July -10%, 

October -13%, and November -10%), with an average difference close to zero, but significant 

fluctuations ranging from -70.1% to + 51%. On average, the forecast accuracy is high, but in some cases, 

the models significantly overestimate or underestimate the extracted volume, particularly in winter and 

spring months. This is probably due to changes in humidity during storage [13]. The largest 
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discrepancies were observed in specific periods, which may indicate seasonal or methodological 

influences. Overall, the data provide valuable insights into forecasting accuracy and can help improve 

future predictions.  

Table 1 

Summary of measured and predicted volume statistics 

Units of 

measurement 

Measured 

volume, LV.m3 

Predicted volume, 

LV.m3 

Difference 

between 

measured and 

predicted 

volume, % 

Difference 

between 

measured and 

predicted volume, 

LV, m3 

count 62 62 62.00 62.00 

mean 148.96 148.96 0.01 0.00 

std 97.36 92.33 22.18 30.90 

min 22.0 32.7 -70.00 -96.70 

25% 63.5 66.1 -14.00 -9.10 

50% 133.0 125.2 3.40 4.70 

75% 206.0 212.1 13.60 21.30 

max 386.0 380.2 51.00 52.70 

The developed equation is based on the data set obtained using the John Deere integrated weighing 

system. During the testing process of the weighing system, several potential risks were identified that 

could affect data accuracy: 

• the volume of logging residues used for improving bearing capacity of striproads; 

• temporary loss of the weighing system data transmission signal; 

• the density and orientation of the pile of logging residues. 

Conclusions 

The integrated weighing system provides comprehensive information not only about the transported 

material but also about other key indicators (e.g. fuel consumption, work time distribution, traveled 

distance, equipment utilization rate, etc.). Therefore, this weighing system offers significant advantages 

in production conditions. The only drawback is that it does not allow the assessment of the initial 

distribution of transported material in the felling area, making it impossible to determine whether the 

entire site has been fully extracted. 

Considering the successful results obtained in the trials, it is recommended to continue using the 

John Deere weighing system in production conditions and to evaluate other manufacturers’ integrated 

solutions (e.g. Ponsse, Komatsu) for biomass weighing during transportation. In addition, IT solutions 

for transferring weighing data from the forwarder and for automated accounting of material stored in 

warehouses should be evaluated. 

The current methods used in production (measuring at storage sites) and weighing both have 

limitations, meaning neither method ensures a 100% accurate forecast of the wood chip volume. The 

most effective approach is to record volumes based on operator-reported data, while simultaneously 

tracking the mass of the transported materials. Mass recording should be the priority, as it offers higher 

accuracy under optimal conditions and eliminates human error as a source of miscalculation. However, 

due to potential interruptions in operations of weighing systems, it is also necessary to collect transported 

volume data to adjust transportation reports in case of significant discrepancies. 

Acknowledgements 

The study has been implemented within the scope of the cooperation agreement of the Latvian State 

Institute of Forestry Science “Silava” (LSFRI Silava) and JSC “Latvia’s state forests” (JSC) on 

September 13, 2021 and in accordance with the agreement No. 5-5.9.1_007r_101_21_80. 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 21.-23.05.2025. 

 

1046 

Author contributions 

Conceptualization, A.Z.; methodology, A.Z. and S.K.; investigation, A.Z., S.K. and J.C.; data 

curation, A.Z.; writing – review and editing, A.Z.; All authors have read and agreed to the published 

version of the manuscript. 

References 

[1] Jayarathna L., Kent G., O’Hara I., Habson P. A Geographical Information System based framework 

to identify optimal location and size of biomass energy plants using single or multiple biomass 

types. Applied Energy. Vol. 275, 2020. 

[2] Nunes L.J.R., Gauser T.P., Giolkosz D. Biomass for energy: A review on supply chain management 

models. Renewable and Sustainable Energy Reviews. Vol. 120, 2020. 

[3] Battison R., Prober S.M., Zdunic K., Jackson T.D., Fischer F.J., Jucker T. New Phytologist 

Fundation. Vol. 244, Issue 6, 2024. pp. 2251-2266. 

[4] Woo H., Acuna M., Cho S., Park J. Assessment Techniques in Forest Biomass Along the Timber 

Supplay Chain. Forest. Vol. 10, 2019. Pp. 1018. 

[5] Liepiņš J., Lazdiņš A., Liepiņš K. Equations for estimating above- and belowground biomass of 

Norway spruce, Scots pine, birch spp. and European aspen in Latvia. Scandinavian Journal of Forest 

Research, 2017. pp. 1-13. 

[6] Väätäinen K., Anttila P., Eliasson L., et al. Roundwood and biomass logistics in finland and sweden. 

Croatian Journal of Forest Engineering, vol. 42, 2021. pp. 39-61. 

[7] Räsänen T., Sorsa J.-A., StanForD 2010 - Naming and design rules, Metsäteho Oy, 2010. Available 

at: 

https://www.skogforsk.se/contentassets/1a68cdce4af1462ead048b7a5ef1cc06/stanford_2010_nam

ing_and_design_rulesv1p7.pdf 

[8] Eliasson L., Anerud E., Grönlund Ö.,Hofsten H., Managing moisture content during storage of 

logging residues at landings - Effects of coverage strategies, Renewable Energy, vol. 145, 2020. pp. 

2510-2515. 

[9] Routa J., Kolström M., Ruotsalainen J., Sikanen L., Validation of Prediction Models for Estimating 

the Moisture Content of Small Diameter Stem Wood, Croatian Journal of Forest Engineering, vol. 

36, 2019. pp. 283-291.  

[10] LVM, Energētiskās koksnes krautuvju izveidošanas un krautnēšanas vadlīnijas (Energy Wood 

Stacking and Stacking Guidelines). (In Latvian). [online]. [01.03.2025]. Available at: 

https://www.lvm.lv/images/lvm/biznesam/ligumu-pielikumi/skeldu-razosana/energetiskas-

koksnes-krautuvju-izveidosanas-un-krautnesanas-vadlinijas-2021.pdf 

[11] Tiernan D., Zeleke G., Owende P.M.O., Kanali C.L., Lyons J., Waed S.M. Effect of Working 

Conditions on Forwarder Productivity in Cut-to-length Timber Harvesting on Sensitive Sites in 

Ireland. Biosystems Engineering, vol. 87(2), 2004. pp. 167-177. 

[12] Strubergs A., Lazdiņš A., Sisenis L. Evaluation of Compliance of Existing Forest Machine 

Information Systems for the Implementation of the Standard Stanford 2010. Research For Rural 

Development, vol. 35, 2020. DOI: 10.22616/rrd.26.2020.010 

[13] Acuna M., Anttila P., Sikanen L., Prinz R., Asikainen A. Predicting and Controlling Moisture 

Content to Optimise Forest Biomass Logistics. Croatian Journal of Forest Engineering. Vol. 33, 

2012. pp. 225-238. 

 

 


