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S U M M A R Y  
The primary objective is to maximise the value of Irish hardwood forest thinnings by identifying potential 

added-value products from the resource by quantifying first and second thinnings, determining the 

properties of logs and potential products, and examining drying and preservative treatment approaches.   

The project has confirmed that there is potential in using Irish hardwood thinnings of alder, ash, birch and 

sycamore for added-value end-uses.  

For these species, over 60% of the area planted is between 1 and 30 years and the total growing stock 

volume in the 7 cm – 19.9 cm range is 5.067 million m3 so thinnings will be available for the next decade 

or more. Evaluating standing trees showed that between 52.3% and 79.3% of the trees had no straight 

logs. Due to the small diameter of the material, roundwood uses are likely to have greatest potential.   

Models to estimate the wood mechanical properties based on acoustic non-destructive tests (NDT) on 

standing trees and logs were developed. Forest-based classification of hardwood thinnings in the forest 

should include: Straightness, Diameter; NDT measurements. Using destructive testing, ash was found to 

have the highest mechanical properties with thinnings reaching the D24 grade. Combined seasoning and 

kiln drying of logs is recommended. Preservative treatment worked well on ash but specific reagents will 

need to be developed for the other species.  

For straight logs, roundwood applications in recreational constructions, fencing or engineered products 

such as ISO beams show potential. For the remaining material, potential uses include 

biochar/charcoal/activated carbon for organic agriculture, timber-based panels and bioenergy.  

As a result of this project, the properties of hardwood thinnings from four Irish hardwood species are 

available to potential product developers. Models developed to predict the properties from NDT 

measurements on standing trees and logs will allow more informed decisions about the management of 

hardwood stands. 
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Section 1 - Research Approach & Results 

 

01 March 2017 

End Date 

30 April 2019 

Select Research Programme 

CoFoRD 

Please select the appropriate TRL Scale 

TRL 5: Technology validated in relevant environment 

NRPE Priority area 

Processing technologies and novel materials 

Total DAFM Award 

€194,543.72 

Total Project Expenditure 

€166,507.14 

Rationale for undertaking the Research  

In recent times, there has been an increased focus on the use of sustainable construction materials to achieve environmental targets 

related to efficient energy use. Softwoods were the main species used for construction purposes, but in the recent years hardwoods 

are more and more common for construction end-uses. Since the 1990s, hardwood forests have exponentially increased . Thinning is 

an important part of good forest management. This involves the removal of small-diameter or lower quality trees to promote higher 

growth quality in the remaining trees and today hardwood thinnings are widely available with different potential end-uses. Currently, 

those thinnings are mainly used for firewood.  

  

One of the challenges of commercialisation is the need to get maximum value out of all the forestry output including thinnings, which 

has often been considered a secondary by-product. There is commercial value in seeking to use thinnings in higher value-added end 

uses as principal structural components within the construction industry and to develop its volume use in local rural industry. An 

Australian study (Yeates, 1999) was found that if even a small percentage of thinnings material can be utilised as roundwood for 

construction, the return to the investors in plantation hardwoods is large when compared with sale into woodchip markets only.  

Very little is known about the properties of Irish hardwood thinnings, which needs to be quantified in order to identify potential new 

uses. Quality, in terms of strength and straightness, is essential and the ability to dry and treat the wood needs investigation. 

Methodology 

In order the investigate potential added-value end uses of hardwood thinnings, it was necessary to quantify the available resource and 

then to determine whether the properties of the studied species satisfy the requirements of different applications. The available 

resource of first and second thinnings from alder, ash, birch and sycamore was quantified by interrogating the Forest Service GIS 

datasets and the National Forest Inventory data followed by fieldwork. During the fieldwork, nineteen plots were assessed. 

Measurements included diameter and height of potential crop trees and their competitors. Non-destructive evaluation of selected 

standing trees and green logs using a time of flight measurement device was carried out to estimate the mechanical properties. 

Laboratory testing of logs from each species was carried out to determine the density, strength and stiffness values required for 

design of products for load-bearing applications. Models were developed to enable the prediction of these properties from the 

measurements on standing trees in the forest to facilitate segregation of material for different end uses earlier in the wood chain. As 

many applications require the timber to be dried from the green state, two different kiln dying schedules and air seasoning of logs 

were investigated to determine the optimum approach. As the four species in the study are classified as non-durable, preservative 

treatment of dried logs was investigated. Logs were pressure treated and evaluated according to standardised procedures. Having 

established the properties of the available resource, a range of potential end-uses of the material was investigated including (i) as 

engineered wood products for construction, (ii) in roundwood format for small-scale structures, such as buildings for recreational use, 

 



playground equipment and fencing, (iii) to produce biochar as a soil enhancer in organic farming or activated carbon for the food 

processing sector, and (iv) as biomass for energy production. 

 

Project Results 

Trees representative of those that would be selected for first and second thinnings were identified at a range of locations. Four 

species were selected for further investigation: common alder, European ash, European birch and sycamore. These four species 

represent the broadleaf species with the greatest growing stock volume in the 7 cm – 19.9 cm DBH cohort totalling 5.067 million m3. 

For each species, over 60% of the area planted is within the age range 1 – 30 years and therefore there will be a continuation of small 

diameter thinnings available for the next decade or more. Timber quality in the standing trees, evaluated by stem straightness, 

showed that between 52.3% and 79.3% of the trees had no straight logs, limiting their suitability for products.   

The suitability of current visual strength grading (VSG) standards and acoustic non-destructive methods to estimate the wood 

mechanical properties was evaluated on standing trees and logs and prediction models were developed. Destructive testing of logs 

was used to obtain the mechanical properties. In general, current VSG standards cannot be used to estimate mechanical properties of 

the examined species. The exception is strength and density in ash. Nondestructive testing is suitable for properties estimation. The 

best estimation models included species factor and diameter. Ash thinnings had the highest mechanical properties. Classification of 

hardwood thinnings in the forest should be based on: Straightness, Diameter; NDT measurement.  

Drying of timber from the green state to below 18% moisture content (MC) was investigated on 100 logs using two different kiln 

drying schedules and natural seasoning. While both kiln drying schedules successfully reduced the MC to the required levels, the 

duration was quite long. Considering the high energy cost for kiln drying, combined seasoning and kiln drying could be considered. 

Seasoning could be used to reduce the initial MC to a value close to 30% (over 4-5 months during summertime) followed by kiln drying 

to reduce the MC to the desired value.  

The four species are classified as ‘non-durable’ by EN 350 and will require preservative or other treatment for use in outdoor 

applications. Treatment of logs using preservative treatments were found to work very well for ash but were unsatisfactory for the 

other species. Specific reagents would need to be developed.  

Round wood from hardwood thinnings can be used for structural purposes as small recreational constructions, playgrounds and 

fencing. All are external uses and require treatment. Due to the excellent mechanical performance and treatability with preservatives, 

ash is the most suitable species. Also, with the advent of the ash dieback disease, there may be large volumes of small diameter 

material available. The use of biochar/charcoal/activated carbon is another possibility. Currently, there is market in Ireland for 

charcoal and activated carbon as currently both are imported. Biochar is a product of special relevance in organic agriculture, 

therefore is an increasing market. Biochar/charcoal can be produced in small scale with relatively cheap ovens. ISO beams could be 

manufactured if conditions of straightness and minimum 100 mm diameter are met. 

Section 2 - Research Outputs 
 

Summary of Benefits / Improvements of Project Findings 

The mechanical properties of hardwood thinnings from four Irish hardwood species are now available for use by potential product 

developers. This information also give an indication of the potential properties of the timber from mature trees, which can inform 

policy and growers in selecting the best species to plant.   

The models developed in the project to predict the mechanical properties from non-destructive test (NDT) measurements on standing 

trees and logs will allow forest managers and owners to make more informed decisions about the management of hardwood stands.  

A range of potential end-uses of hardwood thinnings has been identified. A sustainable use of this material is in addedvalue structural 

uses. For larger diameter, the greater potential is to use this material as roundwood or ISO beams. The outdoor recreation market 

holds potential for the roundwood material. The smaller diameter, crooked thinnings could be used to produce biochar for the 

burgeoning organic farming sector and replace imported products.   

Classification of material in the forest based on NDT measurements, diameter and straightness will allow each tree to be placed in an 

appropriate stream for end-use applications.  

The application of acoustic tools to the characterisation of wood properties has mainly focussed on softwoods with only a small 

number of studies on hardwoods. This project brings important new findings to the scientific community on the application of these 

methods not only to hardwoods for also to roundwood. 

 

 

Summary of Staff Outputs 

Research Output Male Female Total Number 



Post Doctorates 1 0 1 

Research Technicians/ 0 

Assistants 

1 1 

 

Summary of Academic Outputs Research 

Outputs Total Number Details 

 

Peer Reviewed 

Conference Papers 

3 1. Llana, D.F., Short, I., Harte, A.M. (2019) Acoustic measurement 

differences on trees and logs from hardwoods in wet and dry condition. In 

Proceedings of 21st International Non-destructive Testing and Evaluation of 

Wood Symposium, September 24-27, 

Freiburg im Breisgau, Germany   

2. Llana, D.F., Short, I., O’Ceallaigh, C., Harte, A.M. (2018) 

Mechanicalproperties estimation by Non-Destructive Testing of Irish 

hardwood round timber from thinnings for construction purposes. in 

Proceedings of 8th Hardwood Conference. October 25-26. Sopron, 

Hungary. Pp. 160-161. ISBN 978-963-359-095-9  

3. Short, I., Hawe, J. (2018) Living with ash dieback. Silviculturesystems 

for Irish ash. In Proceedings of 8th Hardwood Conference. October 25-26. 

Sopron, Hungary. Pp. 68-69. ISBN 978-963-359-095-9 

Publications in Peer 

Reviewed Scientific 

Journals 

1 
Llana, D.F., Short, I., Harte, A.M. (2019) NDT application on Irish hardwood 

standing trees and small-diameter round timber from thinning. Annals of 

Forest Science. submitted for publication and currently under review. 

 

 

Intellectual Property 

None 

  



 

Summary of other Project Outputs 

Project Outputs Details Total No. 

New Products 

Previous findings about the use of non-destructive testing (NDT) 

technology on standing trees to estimate mechanical properties of 

final round wood product were corroborated for the first time for the 

Irish hardwood species. This is the first step for the commercial 

viability of Irish hardwood round wood as structural product. The use 

of preservative treatment processes available in the Irish industry for 

softwoods were successfully adopted for hardwood treatment. 

1 

New Industry 

Collaborations 

Developed 

Links have been established with one of the main sawmills in 

Ireland, ECC Timber Products, and also with the Irish Timber Growers 

Association (ITGA). These links will be important in the move the 

commercialisation of Irish hardwood thinnings.  

4 

NUI Galway has also established links with an international wood 

protection company, Lonza. Lonza is a well established company 

heavily involved in research and development of new preservation 

products and an important supplier of Irish wood industry.  

Research links have been established with GMIT Letterfrack, mainly focus 

on share facilities and information about Irish hardwoods. This link will be 

important in the future because of their expertise on hardwood use in 

furniture applications. 

 

Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Socio-Economic 

Due to an extensive afforestation programme in the 1990s, increased amounts of hardwood 

thinnings are forecast to come to market in the coming years. A sustainable use of this material is in 

added-value structural uses. Results of the EARTH project have indicated that hardwood thinnings 

of ash can be classified as grade D24 and could potentially be used for structural purposes. Further 

testing carried out in this study has confirmed this and the determination of characteristic strength 

values for design purposes is an important step in bringing this round wood to market. This added-

value use is a suitable use of the forecasted increased yield of hardwood thinnings to be expected in 

the next years which could benefit various forestry, manufacturing industries and will lead to job 

creation across the sector. 

 

Dissemination Activities 

Activity Details 



Seminars at which results 

were presented 
1. Productive Woodlands Conference, Glenarm Estate, Co. Antrim. Presentation on 

'Productive woodlands – a researcher’s perspective', I Short, 26th September 2018  

2. DAFM visit to Timber Engineering Research Group, NUI Galway, 29/08/2018  

3. Ryan Institute Research Day, NUI Galway, 23/02/2018  

4. Invited lecture at UCD Master of Architecture, 13/02/2018  

5. Teagasc Talking Hardwoods, Mitchelstown, 24/10/2017  

6. Talking Timber Conference, Ballyhaise,Teagasc, 31/08/2017  

7. National Forestry Conference, Wood Marketing Federation Enfield, 31/05/2017  

8. Teagasc Researchers’ Conference 17/05/2017  

9. Poster Exhibition at Ministerial Announcement: Funding for Wood Properties for 

Ireland16/05/2017 

10. Growing Quality Broadleaves. Presentation at Forestry Show 2017, 5-6/05/2017 

 

Knowledge Transfer Activities 

 

Identify knowledge outputs generated 

during this project. 

Six technical reports were produced in the project. 

1. Exploitation and realisation of thinnings from hardwood: Quantification 

ofavailable resource report (Deliverable 2)  

2. Exploitation and realisation of thinnings from hardwood: Timber 

qualityassessment report (Deliverable 5)  

3. Exploitation and realisation of thinnings from hardwood: Drying studyreport 

(Deliverable 7 )  

4. Exploitation and realisation of thinnings from hardwood: Durability study 

report (Deliverable 8 )  

5. Exploitation and realisation of thinnings from hardwood: Identification of 

end-use applications - roundwood and other applications (Deliverable 9 ) 6. 

Exploitation and realisation of thinnings from hardwood: Identification of end-use 

applications - engineered wood products (Deliverable 10 ). 

 

Identify any knowledge transfer activities 

executed within the project. 

Findings of this project have been transferred to:  

Architects - through presentation to M Arch students knowledge will be brought to 

the design community  

Growers & Forestry Advisors - though presentations at the Forestry Show 2017, 

Teagasc Talking Timber conference 2017, Teagasc Talking Hardwoods conference 

2017 

 

List any impacts resulting from the Teagasc have used this project to further develop links with the furniture 

knowledge transferred during the college in GMIT Letterfrack. This has resulted in a new project that is funded by Teagasc on the 

“Exploitation of the working properties and utilisation of 

small-diameter Irish-grown alder (Alnus glutinosa) - RMIS project 0392”. 

Associated with the project is a M.Sc. Walsh Scholarship that is through GMIT Letterfrack. 

The project will establish the characteristics, properties and utilisation potential of small-

diameter (20 – 30 cm) alder with the aim of supporting woodland owners in developing 

new markets for timber and small enterprises wishing to use Irish timber. The project will 

establish the working properties of alder in relation to:  

• Conversion  

• Seasoning / kiln drying  

• Processing (planing, sanding, etc.)  

• Nailing /Screwing  

• Bonding  

• Finishing  

Learnings from the EARTH project will feed directly into many of these tasks. Outcomes 

will include developing product prototypes and resources designed on the basis of 

maximising the utilisation potential of the species. 

 



Section 3 - Leveraging, Future Strategies & Reference 
 

Leveraging Metrics 

Type of Funding Funding € Summary 

Resource 

 
Exchequer National €72,000.00 A new project that is funded by Teagasc on the “Exploitation of the 

Funding working properties and utilisation of small-diameter Irish-grown alder 

(Alnus glutinosa) - RMIS project 0392”. Associated with the project is a M.Sc. 

Walsh Scholarship that is through GMIT Letterfrack. The project funding includes 

€18,000 from Teagasc for project expenses, €44,000 Teagasc Walsh Scholarship, 

€10,000 in-kind contribution from GMIT Letterfrack. 

 

Future Strategies 

As the technical viability of using round wood from Irish hardwoods has been established from a structural point of view, the next 

natural step in moving towards commercialization is the identification of manufacturers that will use this material as structural timber 

in some of the proposed end-uses. With respect to design of small structures, some additional testing is required to establish the 

appropriate connection design procedures. Recommendations from the present study need further validation to ensure that 

characteristic strength and stiffness values are not underestimated. Additionally, implementation of NDT use in a forest at a 

commercial scale is another step necessary to grade round wood directly in the forest so that stands with most potential can be 

identified. 

Project Publications 

1. Llana, D.F., Short, I., Harte, A.M. (2019) Acoustic measurement differences on trees and logs from hardwoods in wetand dry 

condition. In Proceedings of 21st International Non-destructive Testing and Evaluation of Wood Symposium, September 24-27, 

Freiburg im Breisgau, Germany  

2. Llana, D.F., Short, I., O’Ceallaigh, C., Harte, A.M. (2018) Mechanical properties estimation by Non-Destructive Testing of Irish 

hardwood round timber from thinnings for construction purposes. In Proceedings of 8th Hardwood Conference. 

October 25-26. Sopron, Hungary. Pp. 160-161. ISBN 978-963-359-095-9  

3. Short, I., Hawe, J. (2018) Living with ash dieback. Silviculture systems for Irish ash. In Proceedings of 8th Hardwood 

Conference. October 25-26. Sopron, Hungary. Pp. 68-69. ISBN 978-963-359-095-9  

Llana, D.F., Short, I., Harte, A.M. (2019) NDT application on Irish hardwood standing trees and small-diameter roundtimber from thinning. 

Annals of Forest Science. submitted for publication and currently under review. 


