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1. Rationale for Undertaking the Research  
This section should outline the rationale for carrying out the research and identify the need / problem to 
be addressed  
 
Quantifying the capacity of Irish forests, forest ecosystems (CARBiFOR 2004, CARBWARE 2008, 
CARBiFOR2 2012) and harvested wood products (WOODCARB 2012) to act as carbon stores has 
improved Ireland's ability to manage its commitments to long term GHG reduction targets under the 
Kyoto Protocol. Allied to this have been studies on the use of forest thinnings as biomass in energy 
production to meet Ireland's commitment to a renewable energy target of 16% by 2020 
(FORESTENERGY 2009). The combined needs of the forest based industries and wood energy producers 
are simultaneous and growing demands, which recent European research suggests cannot be met with 
projected forest resources to 2030 (EUWOOD 2010).  Research has suggested that the greatest effect on 
climate mitigation can be achieved through a cascade approach to wood resources, by maximizing the 
wood use quota in the construction sector with energy recovery at the end-of-service life (DGARD 2010, 
Werner et al, 2010). Various studies have shown that models developed within a specific regional 
context will offer more useful results for policy makers (Sathre & Gustavsson, 2005; Werner et al, 2010).  
The potential impact of a cascade approach has yet to be analysed in the Irish context, but could prove 
crucial to the management of forest resources as carbon stores and alternative fuel sources.  Building on 
previous models of carbon storage in forest ecosystems, the CASWOOD model will amalgamate existing 
data streams on biomass use, financial statistics and improved data on postconsumer wood resources to 
provide a more integrated representation of the current state of affairs in Ireland. Drawing on the 
team's expertise in Life Sciences, Architecture and Business Analytics, the CASWOOD model will test 
hypothetical changes to the wood product stream, such as the diversion of thinnings into product, to 
identify the critical parameters influencing the environmental and economic optimization of forest and 
forest-based products in Ireland.   Identification of the parameters critical to the optimisation of forest-
based resources in Ireland will provide the ground work for a more elaborate predictive modelling tool 
based on algorithms to be developed in the future, that will have the capacity to forecast alternative 
scenarios for material flows to optimize carbon storage and material required for biomass while 
maximizing economic value. This capacity will facilitate policy makers to develop more strategic, 
evidence-based guidelines for forest resource management and post-consumer waste collection 
 
 
2. Research Approach  
Specify the research methodologies employed, emphasising novel techniques and also outline any 
modifications from the original approved project proposal  
 
 
The aim of this project was to assess the environmental and economic impacts of cascading wood 
products along the wood chain. This was achieved through: 
 

1) Systematic Literature Review 
2) Data amalgamation and management 
3) Post-consumer waste assessment 
4) Assessment of current streams and use of biomass and wood waste  
5) Data analysis of baseline and alternative scenarios including cascade chains 
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1. Systematic Policy & Literature Review: 

 To identify research pertaining to the cascade use of Harvested Wood Products within the 
literature, a review protocol was developed where the pre-defined inclusion criteria were as 
follows: (1) research or review papers on HWP and cascading (2) comparative analysis of 
cascading HWP versus non cascade utilisation (3) studies published in the English language from 
January 1st, 1990 to January 1st, 2016, inclusive.   

 Studies were limited to full articles published in peer-reviewed journals and national reports by 
governmental agencies. Unpublished work, defined as master’s theses, dissertations and 
abstracts from conference proceedings were not included. This approach is consistent with 
recent practice. 

  Literature for inclusion was identified using four bibliographic databases (PubMed, Science 
Direct, Scopus and Google Scholar) using combinations of key terms (i.e. Wood(s), Forest(s), 
Wood Waste(s), Cascade, Cascading, Carbon, Greenhouse Gases, Sustainability, Life Cycle 
Assessment). All literature scans were undertaken using Boolean positional operators (“AND”, 
“OR”, “SAME”, “WITH”) to focus literature searches. The research assessed was screened by 
assessing each publication (year, title, abstract) based on the explicit eligibility criteria 

 
 
2. Data amalgamation and management 
 
 

 Data was amalgamated from myriad sources covering both environmental and economic 
themes (Figure 1).  A novel database was created in Microsoft Excel which incorporates national 
and international data on the forest enterprise structure within the Republic of Ireland which 
was then used as the basis of analysis.  

 
 
 

 
Figure 1: Overview of thematic areas from which data was sourced and amalgamated. 
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3) Post-consumer waste assessment 
 
 A database including wood wastes was collated from EUROSTAT for the years 2006-2015 for the 

following EWC codes:  
 

Description  EWC Code 

waste from forestry 02 01 07 

sawdust, shavings, cuttings, wood, particle board and veneer containing dangerous 
substances 03 01 04 

sawdust, shavings, cuttings, wood, particle board and veneer other than those 
mentioned in 03 01 04 03 01 05 

waste bark and wood 03 03 01 

paper and cardboard packaging 15 01 01 

wooden packaging 15 01 03 

wood 17 02 01 

wood containing dangerous substances 19 12 06* 

wood other than that mentioned in 19 12 06 19 12 07 

 paper and cardboard 20 01 01 

wood containing dangerous substances  20 01 37 

wood other than that mentioned in 20 01 37 20 01 38 

 

 Data was then subdivided based on waste treatment including recovery, incineration and landfilling 
and an assessment of change over time was undertaken. It was found that a significant proportion 
of post-consumer wood waste is recovered, but little information was found which provided insight 
into where the wood was revered to.    

 Landfilling was identified as an historic destination for HWP and upon review, it was noted that the 
decomposition of HWP in landfill may be overestimated in Irish reporting (IPCC Tier II reporting). As 
such, a review protocol was established to evaluate the decomposition of woof products in landfill. 
The pre-defined inclusion criteria were as follows: (1) direct results from defined landfill sampling 
sites, (2) comparative analysis of waste fractions in landfill, (3) laboratory simulations of wood 
products in landfills and (4) studies published in the English language from January 1st, 1990 to 
January 1st, 2016, inclusive.  Studies were limited to full articles published in peer-reviewed journals 
and national reports by governmental agencies. Unpublished work, defined as master’s theses, 
dissertations and abstracts from conference proceedings were not included. The rationale for this 
decision was based on the work of Van Driel et al. (2009) who concluded that (1) the difficulty in 
retrieving unpublished work could lead to selection bias, (2) many unpublished studies are 
eventually published, (3) the methodological quality of such studies are poorer than those that are 
published, and (4) the effort and resources required to obtain unpublished work may not be 
warranted. This approach is consistent with recent practice. Literature for inclusion was identified 
using four bibliographic databases (PubMed, Science Direct, Scopus and Google Scholar) using 
combinations of key terms (i.e. Wood(s), Forest(s), Waste(s), Landfill, Carbon, Greenhouse Gases, 
Decomposition). All literature scans were undertaken using Boolean positional operators (“AND”, 
“OR”, “SAME”, “WITH”) to focus literature searches. The research assessed was screened by 
assessing each publication (year, title, abstract) based on the explicit eligibility criteria.  

 Total landfill waste tonnages were obtained from the Irish Environmental Protection Agency (EPA) 
Landfill gas survey upon request. Data were extracted for all licenced landfills in Ireland between the 
years 1957-2014. For quantification of the wood fraction of the waste, an estimation of 6.6% was 
applied based on a European Commissioned report examining Waste (Villanueva et al., 2010); 
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accurate waste characterisation of landfilled waste is not available for Ireland, particularly prior to 
the introduction of the European Landfill Directive in 1999. 

 
 For comparison of derived GHG emissions under different DOCf values, the IPCC waste model 

(excel) was utilised to quantify CH4 emissions, specifically. Within the model, CH4 emissions from 
landfills for a single year are derived using the following equation: 

 
CH4 emissions = [ ∑ 𝐶𝐻4 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑𝑥,𝑇 −  𝑅𝑇] 𝑋 (1 − 𝑂𝑋𝑇),𝑥              (1) 
 
 

Where CH4 emission = CH4 emissions in year T, Gg; 
T = inventory year 
x = Waste category or material (Wood fraction); 
RT = Recovered CH4 in year T, Gg; and 
OXT = oxidation factor in year T (Fraction). 

 
The OX is the amount of CH4 from the landfill that is oxidized in the soil or other material 
covering the waste. The amount of CH4 generated from decomposable material in year T is 
estimated using the First Order Decay (FOD) of the mass of decomposable organic carbon 
(=DDOCm, Gg) in each waste category or type/material as follows: 

 
CH4 generatedT = DDOCm decompT 𝑋 F 𝑋 16/12                    (2) 

 
Where DDOCm decompT = DDOCm decomposed in year T, Gg; 
F = fraction of CH4 by volume in generated landfill gas (fraction);  
16/12 = molecular weight ratio between methane and carbon (ratio). 

 
                               DDOCm decompT = DDOCmaT−1 × (1 − e−k)                              (3) 
                               DDOCmaT = DDOCmdT + (DDOCmaT−1 × e−k)                           (4) 

 
Where DDOCmaT = DDOCm accumulated in the landfill at end of year T, Gg; 
DDOCmaT−1 = DDOCm accumulated in the landfill at the end of year T − 1, Gg; 
DDOCmdT = DDOCm deposited into the SWDS in year T, Gg; 
k = reaction constant (k = ln(2)/t1/2), year−1; and  t1/2 = half life time, year. 

 
   DDOCm = W × DOC × DOC f × MCF,                                             (5) 
  

Where, W = mass of waste deposited, Gg; 
DOC = degradable organic carbon in the year of deposition; 
DOCf = fraction of DOC that can decompose (fraction); and 
MCF = CH4 correction factor for aerobic decomposition in the year of deposition 
(fraction). 

 
Data pertaining to the wood waste (Gg) component of total landfilled waste for the years 1957-
2014 was added to the model and the DOCf was adjusted based on the IPCC default value and 
values obtained through literature review. The data were then extracted to a new Microsoft 
Excel database for amalgamation and transformation for analysis. 
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 Prior to statistical analysis, the dependent and independent variables were tested for normality 
utilising the Shapiro-Wilk test in concurrence with Q-Q plots; all data were found to display a 
non-normal distribution.  Differences between the IPCC default decomposition factor and those 
derived from literature were assessed using a one-way analysis of variance (ANOVA) to 
determine and quantify differences between continuous (applied decay rate (quantitative)) and 
the categorical variables (2 or more groups). To assess the variation within groups, post hoc 
analysis in the form of the Bonferroni correction was employed. Where there were only two 
groups, a Mann Whitney U analysis was employed to assess difference in means across the 
groups.  IBM’s SPSS Statistics 22 was utilised for all analyses and statistical significance was set 
at the 95% confidence level (p<0.05) by convention. 

  

 
4) Data analysis of baseline and alternative scenarios including cascade chains 
 

 For assessment, a review of suitable methodologies was carried out and while Life Cycle 
Assessment (LCA) was identified as a potential methodology, the lack of a comprehensive and 
concise approach to the assessment of both environmental and economic indicators made LCA 
unsuitable. To assess both environmental and economic (and socio-economic) indicators, the 
Tool for Sustainability Impact Assessment (ToSIA) was identified as a suitable methodology. This 
computer program, created by the European Forest Institute (EFI), provides a systematic 
evaluation of the whole wood chain across the three pillars of sustainability: environment, 
economic and social considerations.  
 

 Data collection and chain topology data on wood flows in the Republic of Ireland were collated 
from previous work packages. Missing data were taken from literature and from the EcoInvent 
database (V5). The value chain topology for the studied wood products and data for impact 
assessment in ToSIA was defined using the ToSIA Database Client. In a value chain, forest 
resources are converted into products through processes, and the material flows between 
processes are calculated in the product unit of each product and in tons of carbon. All the 
processes have a process unit such as cubic meter (m3), tons (t) or kilowatt-hours (kWh), but 
because the material flows are calculated in tons of carbon (t of C), conversion factors were 
calculated to convert the flows to process units, and to calculate indicators for processes.  
 

 Indicators were used to demonstrate impacts on three sustainability dimensions. Production 
costs per harvested ton of carbon (€/t of C) and employment in full-time equivalents per 
harvested ton of carbon (FTE/t of C) were calculated to represent socioeconomic sustainability. 
Energy use in kWh per harvested ton of carbon (kWh/t of C), greenhouse gas emissions (kg of 
CO2-equivalents/t of C) and carbon stock in HWP were calculated to represent environmental 
sustainability.  
 

 To account for cascading, areas where a feasible reutilisation or extension of wood products 
were identified and then incorporated into the model as an alternative scenario. In total, three 
scenarios were assessed:  
 

Scenario 1: Use of post-consumer recovered waste wood for the production of 
particleboard.  
Scenario 2: Utilisation of Sitka Spruce thinnings for alternative products versus energy 
production.  
Scenario 3: Use of high quality wood for sawn wood, followed by recovery as wood 
based panels, followed by energy recovery.  
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These three scenarios allow for an overview of cascading in terms of sole recovery (scenario 1, 
single cascade), chain extension versus energy production (scenario 2) which provides valuable 
information for renewable energy targets and wood chain extension (scenario) with a multi 
stage cascade. 
 

3. Research Achievements/Results  
Outline main results achieved 
 
Task 2: Policy & Literature Review  
 
A systematic literature review was undertaken to contextualise the cascade use of wood resources and 
establish an international consensus on its viability and feasibility. The literature review was also used to 
guide cascade scenario development. The findings of the Policy and Literature review are detailed as 
follows:  

 The review examined the development of the concept of cascading and how the removal of 
carbon dioxide from the atmosphere by trees may be optimized by the cascade use of 
harvested wood products. There is as yet no clear definition of cascading, the concept 
having been applied to different processes with different goals and outcomes. A more 
precise definition will be developed as part of the larger project, which will exclude woody 
biomass use for energy production from the cascade chain. The rationale for this exclusion is 
underpinned on a clearer application of the concepts of carbon neutrality and climate 
neutrality. 
 

 Defining the parameters is critical to the outcome of simulation results. Forest cover and 
age, harvest rate, waste recovery rates and infrastructure, and national policies all affect the 
environmental and economic outcomes of wood cascades. 
 

 Cascading wood is encouraged in COM 398 (2014) on a Circular Economy where it is 
described as a link in closed cycle resource use. COM 659 (2013) on the European Union 
Forest Strategy states that the cascade use of wood has a beneficial effect on climate and 
the environment, job creation and carbon balances. Directly related to the principle of 
cascading is re-use and recycling, which is well established in EU through the Waste 
Directive, which has had significantly positive results on efficient material use in countries 
such as Germany where a well-developed infrastructure exists to support this policy.  
 

 The Renewable Energy Directive also has a very direct impact on cascading, as since its 
inception wood flows have been redirected to this sector, placing pressure on the supply 
and pricing of wood resource as well as land use. The financial incentives underpinning 
renewable energy policies are not matched by similar incentives for cascading material, thus 
the material flow has been substantially redirected toward energy use. 
 

 In an Austrian study, increased demand for fuel wood stimulated by the Renewable Energy 
Directive increased prices for thinnings, pulpwood and sawmill residues. In the sawmill 
sector rising prices for residues caused a decrease in sawn wood output resulting from 
changes in log to sawn wood conversion factors allowing increased output of more 
profitable residues. Sectors involved in the material use of wood, the paper and panel 
industries, were affected negatively because of rising prices for pulpwood and sawmill 
residues. The study indicates that forest based bioenergy policies will change the market 
dynamics for forest based industries. 
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 The rationale for the cascade use of wood derives from a holistic interpretation of the 
environmental consequences of the full lifecycle of wood utilization. From the perspective 
of enhancing the resource efficiency of harvested wood, extending its potential uses 
through value based hierarchical selection in order to organize its subsequent use 
sequentially, not only embodies the principle of European resource management policies as 
seen in the Waste Framework Directive but through its carbon storage effect both in forests, 
forest soils and in harvested wood products has significant climate change mitigation 
properties. If the substitution effects caused by the replacement of carbon and energy 
intensive materials and fossil fuels with wood products and bioenergy are to be attributed 
to cascade use, the prevailing IPCC model for accounting for energy wood GHG emissions is 
insufficient for comparing the climate impacts of cascade use to energy use. Forest 
ecosystems have the capability to reabsorb CO2 emitted from combusted fuel wood but 
depending on the rotation period the CO2 will remain in the atmosphere for a period of time 
when it absorbs solar energy and contributes to climate change, thus for bioenergy carbon 
neutral does not mean climate neutral.  
 

 Dewar (1990) shows that carbon accumulates in HWPs when the product duration exceeds 
the time between harvests. He finds that harvesting the maximum increment results in 
accumulating carbon stocks in both the forest and the wood product pool. Werner et al 
(2010), having analysed different forest management scenarios, also conclude that 
harvesting the maximum increment has the best GHG effects. Dewar calculated the long-
term carbon storage for different species and products and found that between 60 and 90% 
of forest carbon was stored in the form of wood products. The most significant carbon 
storage effect was found for short rotation species converted to long life products. 
 

 Measuring the environmental impacts of biomass energy are more complex than fossil 
energy, to develop an accurate measurement of the impacts land use change and forest 
management practices should ideally be included. 
 

 In the absence of robust policies that would promote the material use of wood, increasing 
quantities of industrial roundwood are being used to meet bioenergy targets. A key 
parameter is resource supply, it has been established by the EUWood research project, 
which is an analysis of the Wood Resource Balance (WRB) in Europe, that even without 
increased demand for energy wood, a sustainable supply of wood for industrial applications 
and bioenergy is not expected to meet demand from as early as 2020. 
 

Task 3: Assessment of Current Streams and Use of Biomass and Wood Waste  
 

 Through the development of a wood flow inventory for the Republic of Ireland (Figure 2) it 
was noted that biomass resources suitable for the highest levels of value chains (reuse) 
were restricted and cascading is therefore limited. For sustainable cascading moving 
forward, this methodology needs to be conceptualized prior to production.  
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Figure 2: Wood flow for the Republic of Ireland (2013). 

 

 
 It was found that significant proportions of wood waste have been sent to landfill, both in the 

past and the present. To quantify the emissions of greenhouse gases from wood products in 
landfill, literature was assessed and it was discovered that the decomposition of wood waste in 
anaerobic environments is likely overestimated by the Intergovernmental panel on Climate 
Change guidelines. Upon extensive review, four research papers (Table 1) which adhered to the 
inclusion criteria and subsequent screening process were assessed in this study. Authorship 
diversity and thus geographical diversity was low with Wang et al. (2011, 2016) and Ximenes et 
al. (2008, 2015) each producing two published papers based in North America and Australia, 
respectively. However, while the volume of research is limited, there is considerable 
heterogeneity across methodological approach and climatic coverage.  

 

 Using the estimated wood fractions from the national landfill waste tonnage data for the 
Republic of Ireland, an inventory was created totalling potential CH4 emissions for the years 
1957-2014 under varying decomposition factors. Three scenarios were modelled using softwood, 
hardwood and engineered wood analysed DOCf factors from literature and the IPCC default (0.5).  
For all scenarios, the following assumptions were made: 

1) Wood wastes in landfill are homogenous (i.e. all softwood, hardwood or engineered 
wood and, 

2) The ratio of methane to carbon dioxide emissions is 1:0, i.e. no carbon dioxide 
emissions result (anaerobic environment). 

3) No methane recovery takes places.  
 

 Under scenario one, the wood fraction of total landfill waste is assumed to contain only 
softwood species of wood. The default DOCf factor of 50% as recommended by the IPCC was 
firstly applied to the data followed by the DOCf factors obtained from literature. In total, 6 total 
CH4 emissions simulations were calculated (Figure 2) and summed to represent the total CH4 
emissions across all 6 scenarios.  Under the IPCC default factor over 11,923 Gg of CH4 emissions 
were generated. Contrastingly, when the IPCC DOCf factor was substituted with values obtained 



 10 

from literature, the total CH4 emissions varied from a minimum of 37.6 Gg to a maximum of 
334.4 Gg; 6 to 56 times less than the IPCC default.  A significant difference (F = 45.362, p = 
<0.001) was found to exist between the IPCC default factor and all other values derived from 
literature. 

 Under scenario two, the wood fraction of total landfill waste is assumed to contain only 
hardwood species of wood. As with the previous scenario, the DOCf factor of 50% as 
recommended by the IPCC was firstly applied as a benchmark followed by the DOCf factors 
obtained from literature. In total, 5 total CH4 emissions simulations were calculated (Figure 3). 
The IPCC emissions remain the same as in scenario one, while the total CH4 emissions varied 
from a minimum of 163.01 Gg CH4 to a maximum of 969.72 Gg CH4; considerably higher 
emissions than from the homogenous softwood scenario. However, the CH4 emissions calculated 
for scenario two still remain between 2 and 13 times less than the IPCC default decomposition 
factor for wood. Statistically, a significant difference (F = 20.691, p = <0.001) was still found to 
exist between the IPCC default factor and all other values derived from literature. 

 

 In total, four engineered wood products were assessed with large variations between PW, PB 
and MDF; which had little observable carbon loss and the OSB products, for which there was a 
SW and HW representative. Total CH4 emissions from EW were calculated at 198.12 Gg over the 
reporting period (Figure 4); 10 times greater than emissions estimated using the IPCC default 
decomposition factor. As with the other scenarios, a statistically significant difference (U = 4.726, 
p = <0.001) was found to exist between the two factors; again supporting the hypothesis that the 
IPCC factor is a gross overestimation of the decomposition of wood products in landfill. 



 

Table 1: Summary of literature assessed, DOCf recorded and methodological approach.  
Author year Location Samples  Avg. DOCf (Std.Dev) Methodological 

Approach 
Conditions Notes 

Wang & 
Barlaz 

2016 North 
America 

HW (n = 2)  
SW  (n = 2) 

0.232 (0.047) (HW)          
0.0475 (0.019)  (SW) 

Landfill simulation 
(anaerobic) in 8L 
bioreactor 
inoculated with 
decomposed 
residential waste. 

Inoculum to sample ratio 1:3 
(v/v) ratio. Experiment stopped 
after no more Ch4 produced ~ 
200 days (SW)- 400 days (HW) 

Twig and bough samples 
were used for each 
species; DOCf is an 
average of the two. 

Ximenes 
et al. 

2015 Cairns, 
Australia  
Sydney, 
Australia  

SW  (n = 14) 
HW (n = 18) 
SW (n = 53) 
HW (n = 50)   

0.018 (0.03)(Sydney)     
N/A ( Sydney)       
0.022 (0.03)(Cairns)  
0.19 (0.11) (Cairns) 

Wood extracted 
from landfill in situ 

Sydney:  Temp = 12.2-23.3 ̊C, 
buried in landfill 44 years.               
Cairns: Temp range = 20.8 - 
29 ̊C, buried in landfill 16-18 
years 

Carbon loss averaged 
across soft and 
hardwood groups. 

Wang et 
al. 

2011 North 
America 

SW  (n = 2)         
HW (n = 2)           
EW(n = 5) 

0.009 (0.012)(SW)              
0.039 (0.055) (HW)           
0.0474 (0.084) (EW) 

Landfill simulation 
(anaerobic) in 8L 
bioreactor 
inoculated with 
decomposed 
residential waste. 

Inoculum to sample ratio 1:3 
(v/v) ratio. Experiment stopped 
after no more CH4 produced ~ 
1400 days 

Carbon loss averaged 
across soft, hard and 
engineered wood 
(irrespective of wood 
type) groups. 

Ximenes 
et al. 

2008 Sydney Park 
(SP) Landfill 
and Lucas 

Heights (LH) 
Landfill, 

Australia. 

HW (n = 25)        
SW  (n = 16)     
 
HW (n = 16)          
SW (n = 21)     

0.17  (SP)                
0.08 (SP)        
 
NA (SW &HW, LH) 

Wood extracted 
from landfill in situ 

Samples taken from SP were 
buried for > 46 years.                            
Two sites (A and B) at the LH 
landfill. Site A & B contained 
material  buried for 19 and 29 
years at the time of excavation.  

Carbon loss averaged 
across soft and 
hardwood groups within 
referenced paper, so 
not S.D derived.  

HW, Hardwood; SW, Softwood; EW, Engineered Woo



Task 4: Use of Roundwood in Wood Products  

 

 It was concluded that Ireland relies on imports of both finished and semi-finished wood 
products. For example, secondary product manufacturers consumed 32,000m3 of imported 
non-coniferous (NC) sawn wood in 2014 but less than 3,000 m3 of Irish produced NC sawn 
wood.  

  Both temperate and tropical sawn timber, veneer sheets and plywood panels are imported; 
they are assumed to be transformed into finished wood products in Ireland, and for this study, a 
waste factor of 15% was applied to calculate the net wood fibre in products after processing.  

  It was noted that, Harvested Wood Product emissions or removals contribute to the overall 
Agriculture, Forestry and Other Land Use (AFOLU) category; impacts are attributed to areas of 
forest land according to the type of forest management employed; afforestation and 
reforestation (AR) or forest management (FM). Imported wood products however have no land 
use impact in Ireland but nevertheless they constitute a significant wood fibre resource available 
for cascade use.  

 Since the COFORD report Market review and technical performance of Irish hardwoods (2004) 
that surveyed users of Irish grown hardwoods, no further analysis of minor wood use has been 
published by COFORD. The most recent harvesting data for minor species used from the 
National Forest Inventory Results (DFAM, 2013) for the period 2006-2012 reports mean annual 
harvest at 3615.8 thousand m3; of this 3.2% are broadleaved species, or 117.6 thousand m3. 
This suggests a significant increase in production when compared to Xenopolou (2004) who 
reported Irish produced sales volumes for sawmill operators in 1999 at 3.3 thousand m3. 

  An assessment was undertaken into the viability of alternative applications for hardwood 
species, as follows: 

 
1) Processing broadleaf species opens up the possibility of producing insulation from residues. 

Both virgin wood and wood fibres recovered from wood processing operations can be used 
to make wood fibre insulating panels. Different binding agents used to bond the wood fibres 
affect the mechanical properties of panels, but density is the most critical parameter 
affecting thermal conductivity of the insulation. Kawasaki et al. (1998) found that wood fibre 
insulation boards with a density of less than 200 kg/m3 would perform almost as well as 
polystyrene and rock wool. Luguza et al. (2015) et al investigated utilizing birch residues 
from the plywood industry in Latvia for thermal insulation boards.  

2)  In Ireland the mean Birch harvest volume 2006-2012 was 11.9 thousand m3, of this 7.33 
thousand m3 was trees of diameter 7 to 22 cm, the remaining 4.57 thousand m3 or 8,208 
trees were of saw log size. 38% of the birch growing stock is not suitable to produce straight 
logs leaving approximately 2.83 thousand m3 of sawlogs over 2m in length. Broadleaf trees 
have a higher stem to branch ratio, and after conversion to sawn timber yields amounts to 
1,500 m3 of sawn timber. Significant quantities of residues arise both in the forest and 
during processing that can be used for other applications like wood fibre insulation.  

3)  An assessment of Irish small diameter wood found it is suitable for veneer production that 
then can be processed further in multi-ply products in sheets or moulded forms.  

 
 
 
 
 
 
 

 
 



 13 

Task 5: Economic and Environmental Model Development  
 

 
 To analyse economic, social and ecological impacts of cascade use, we chose the Tool for 

Sustainability Impact Assessment (ToSIA). It is a process based approach that focuses on 
differences in material flows and indicator values by comparing alternative options, using 
sustainability indicators covering the ecological, economic and social dimensions of 
sustainability. The value chain being analysed can contain multiple end products; the analysis 
does not need to focus around a single product, but can look at interlinked production systems. 
Due to its tracking of material flow through a value chain of interlinked processes, ToSIA can 
make the assessment through a network of connections from “cradle to grave”, which allows for 
holistic assessment of the effects of switching to alternative forest-based value chains. The 
material flows in cascading value chains are complex to capture and calculate as they may 
contain several life cycles for the same raw material input. ToSIA follows carbon flows starting 
from forest until the use stage of harvested wood products, including calculation of material 
through cyclical flows such as recycling. Considering all three sustainability dimensions, the 
impacts of varying material flow into a cascade use value chain was assessed using ToSIA rather 
than LCA. 
 

 The geographical scope of this case study is the Republic of Ireland. Currently, cascading of 
waste wood in this region is scarce and primarily takes place within sawmills. Therefore, we set 
out to use hypothetical alternatives (what if), to quantify the effect of introducing cascaded use 
of wood based products, while harvesting volumes decrease or remain the same. The 
overarching aim was to assess if cascading of wood resources increased resource efficiency, 
reduced emissions, was economically viable and to assess the impact on the creation of bio-
energy from wood biomass. 
 

 The ‘baseline’ scenario for the CASWOOD model was the wood flow in Ireland for 2013. This 
year was chosen as it offered access to the most complete data from several sources. 
 

 In our first alternative scenario, cascade use maintained or increased the production volume of 
particleboard, while harvesting volumes decreased or remained the same. Market demand of 
wood products is not included in this study. This study is a theoretical exploratory analysis and 
the alternatives were designed to test certain conditions. Results show that introducing 
cascaded wood can increase carbon storage in wood products, marginally increase employment 
but also increases production costs due to further processing activities. Energy use and GHG 
emissions all increase in the short-term as the industrial activity increases to process a waste 
wood stream. 
 

 For alternative scenario 2, the carbon storage within the HWP chain increases as thinnings are 
used within products (in this case, chipboard) rather than used for energy. There is little 
difference in cost or employment. If allowing for carbon neutrality for the generation of energy 
from wood biomass, the cascading of Sitka spruce thinnings has a negative impact on GHG 
emissions and thus any benefit in terms of environmental indicators will largely depend on 
forest management activities. 
 

 For alternative scenario 3, relative differences between the impacts of the model run with and 
without the possibility of a cascading use of wood ranged from 0.1-4% for GHG emissions 
(dependent on varying recovery rates), despite cascading only influencing a small part of the 
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overall system; namely wood panel production. However, cascading led to savings of up to 3% 
of the annual primary wood supply of the study area. 
 

 We conclude that cascading can improve the overall performance of a wood utilization system. 
The most significant cascade use potential exists in industrial side streams (by-products from 
wood product industries), but decommissioned waste wood is also a potential resource for 
cascading.  
 

 We found that cascade use can improve resource efficiency as it enables the use of wood 
multiple times before combustion; however, the amount of waste wood for energy generation 
decreases locally, and alternative sources of energy need to be identified.  
 

 Improving the cascading and resource efficient use of wood requires interventions all 
throughout the wood flow. Identified measures to promote the cascading use of wood focus 
largely on the recovery of post-consumer wood in line with existing circular economy and 
resource efficiency initiatives. However, strong efforts are also needed to address the current 
imbalance between material and energy uses of industrial residues, where a more significant 
potential for cascading exists. 
 

 The study suggests that there is not a one-size-fits-all solution to improve resource efficiency 
and implement cascade use of wood. Rather a mix of coordinated approaches, depending on 
specific local circumstances, will allow overcoming the multiple barriers to full implementation 
of cascading. The results of the study are intended to serve as a basis to develop good practice 
guidance on the cascading use of wood for policy-makers and value-chain stakeholders. A paper 
is currently in production for submission to the Journal of Environmental Management entitled 
“Sustainable Impact Assessment of the cascading of Harvest Wood Products in the Republic of 
Ireland”. 

 
4. Impact of the Research 
A summary of the impact of the research should be provided through the project outputs and outcomes 
however please provide a synopsis of the benefits / improvements the research has made to the area 
under investigation. Outline the benefits of the research to end users, e.g. industry, consumers, 
regulatory authorities, and scientific community etc 
 
This research has provided valuable insight into the wood product value chain, and offers scope for 
further research, industrial design as well as promoting sustainable utilisation of a valued resource. In 
particular, the research has had the following impacts: 
 

1) Results are also relevant to industrial practitioners as the cascade use of high quality wood 
was shown to reduce GHG emissions within the process chain; primarily due to reduced 
energy requirements from the extraction of virgin wood.  

2) This project has highlighted the Tool for Sustainability Impact Assessment (ToSIA) as a viable 
methodology for assessing the environmental, social and economic impacts of alterations to 
the forest wood supply chain. This novel methodology can be applied to further research 
within Ireland and offer a holistic representation of forest management activities moving 
forward.  

3) Through review of literature, this project concluded that material substitution within the 
construction sector is an attractive option in terms of the cascade of wood resources; while 
this investigation was outside the scope of this research, this is now being undertaken in 
BenchValue, a DAFM supported international project through the SUMFOREST programme.  
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4(a) Summary of Research Outcomes 
 

(i)  Collaborative and Industry links developed during this research 
 
During this research project, collaboration has developed with the following partners: 

 
(a) The European Forest Institute (EFI): Through CASWOOD, collaboration was sought 
with the EFI to use ToSIA: the tool for sustainability impact assessment. Dr. Jean 
O’Dwyer received independent funding to visit Joensuu, Finland in September 2015 and 
was trained in on the use of ToSIA. As a result of this collaboration, the University of 
Limerick became a partner on a successful EU-FP7 ERA-NET grant under the SUMFOREST 
programme which commenced in January 2017.  

 
  (b) National University of Ireland, Galway (NUIG): Through the CASWOOD project and 
  the development of relations between the University of Limerick and the European 
  Forest Institute, relationships have also been fostered with the Department of Civil 
  Engineering in the National University of Ireland, Galway. For the aforementioned  
 

(c) European Cooperation in Science and Technology (COST): Through research carried 
out in CASWOOD and the resulting success of the EU-FP7 grant, Dr. Jean O’Dwyer was 
nominated to the management committee of COST Action 16114: REthinking 
Sustainability towards a Regenerative Economy (RESTORE). 

 
(ii)  Outcomes where new products, technologies and processes were developed and/or 

adopted  
 
(iii) Outcomes with economic potential  

 
(iv) Outcomes with national/ policy/social/environmental potential 

1) The study suggests that there is not a one-size-fits-all solution to improve 
resource efficiency and implement cascade use of wood. Rather a mix of 
coordinated approaches, depending on  specific local circumstances, will allow 
overcoming the multiple barriers to full implementation of cascading. The 
results of the study are intended to serve as a basis to develop good practice 
guidance on the cascading use of wood for policy-makers and value-chain 
stakeholders. 

2) The results provide valuable information for policy formation pertaining to 
facilitating compliance with the Irish renewable energy targets. The results 
suggest that the cascade utilisation of particularly waste wood may reduce (or 
delay) the creation of bioenergy using forest biomass. 

3) Results from this study have highlighted the need for more complete reporting 
of waste statistics. The ‘gap’ in the data detailing the end use of waste use 
means that no concrete evaluation of the sustainability of wood waste 
utilisation can be calculated. Waste policy makers could use these findings to 
promote greater transparency in waste statistics reporting.  

4) The results of the wood decomposition study are of huge benefit to both policy 
makers and the Environmental Protection Agency. This study provides 
significant evidence to undertake in situ analytical studies into the rate of wood 
decomposition in Irish landfills. Once this has been quantified, Ireland can move 
towards Tier III reporting for wood waste emissions contribution to the 
emissions from waste; of which landfilling accounts for 85%.  
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4 (b)  Summary of Research Outputs 
 

(i) Peer-reviewed publications, International Journal/Book chapters. 
 

O’Dwyer, J., Walshe, D., Byrne, K. (2017) Wood waste decomposition in landfills: An 

 assessment of current knowledge and implication for emissions reporting  

 Journal of Waste Management (In press) 
 
 

(ii) Popular non-scientific publications and abstracts including those presented at 
conferences   
Byrne, K.A. and O’Dwyer, J. (2017) Sustainable Forest Management: Synergies  and 
 Trade-Offs Between Bioenergy and Carbon Storage. The National 
 Sustainability Summit, CityWest Hotel, Dublin. 31 January 2017. 
O’Dwyer, J., Byrne, K. (2016) Environmental and Economic Mapping of Wood. In 
 proceedings of Research Perspectives on the Optimal Use of Forest 
 Biomass, University of Limerick, 28th September (Oral Presentation) 
O’Dwyer, J., Byrne, K. (2016) Environmental and Economic Mapping of the 
 Cascade use of Harvested Wood Products. In proceedings of Environ  2016: 
 Ecosystem Services for a Sustainable Future, University of Limerick,  22nd- 
 24th March, p56 (Oral Presentation). 

 
Newspaper article: The Irish Times, December 14th 2016 

 
(iii) National Report 

 
 

(iv) Workshops/seminars at which results were presented  
 

O’Dwyer, J., Byrne, K. (2016) COFORD Council meeting, Clonmel, 16th December 2016.  
 

O’Dwyer, J., Byrne, K. (2015) European Forest Institute; ToSIA Member User Group meeting, 24th 
September 2015.  

 

(v)  Intellectual Property applications/licences/patents 
 
 

(vi) Other 
  
 
5. Scientists trained by Project 
 
Total Number of PhD theses:       __0__ 
 
Please include authors, institutions and titles of theses and submission dates.  If not submitted please 
give the anticipated submission date. 
 
 
Total Number of Masters theses:        __1__ 
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Please include authors, institutions and titles of theses and submission dates.  If not submitted please 
give the anticipated submission date 
 
Maguire, J., Shotton, E. (2017) Wood Flows and the Cascade Use of Wood in Ireland. Masters Thesis by 

 Research (Submitted September 2017), University College Dublin.  

 
6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project  

Total Time contribution (person 
years) 

 Dr. Ken Byrne                             0.05 
 

 Dr. Elizabeth Shotton                             0.05 

   

Total   

 
 

7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

1 2 

PhD students   

Masters students 1 2 

Temporary researchers   

Other   

Total 2 4 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

Name of Postgraduate / contract researcher Names and Dates of modules attended 
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9. Project Expenditure 
 
Total expenditure of the project:     € 168,875.69 
 
Total Award by DAFM:       € 178,162.03 
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):       
 
Transnational Access Grant (Awarded to Jean O’Dwyer)   € 934.80  
 
Breakdown of Total Expenditure 

 
10. Leveraging 
Summarise any additional resources’/funding leveraged by this award from other sources i.e. Additional 
Staff, National/EU funding secured, EI Commercialisation Fund  
 

 
(ii) Transnational Access Grant: In July 2015, a transnational access grant was obtained by 

Dr. Jean O’Dwyer to travel as a visiting researcher to the European Forest Institute in 
Joensuu, Finland. Dr. O’Dwyer travelled there in September 2015 for 10 days where she 
was trained in on the Tool for Sustainability Impact Assessment (ToSIA) which was 
utilised in this study.  

(iii) EU-FP7 ERA NET  Funding: CASWOOD has been continued on through the SUMFOREST 
ERA (EU FP7) project BenchValue where the University of Limerick leads case study four 
which solely looks at cascading wood use through material substitution in the 
construction sector  

 

 

 

 

Category UL UCD 
Name 

Institution 3 
Name 

Institution 4 
Total 

Contract staff      

Temporary staff      

Post doctorates 88,793.65     

Post graduates  39,976.42    

Consumables  590.40    

Travel and 
subsistence 

2,625.65 697.85    

Sub total 91419.27 41,264.67    

Durable equipment  596.96    

Other 1,537.56 886.23    

Overheads 22,854.83 10,316.17    

Total 115,811.63 53,064.03   168,875.69 



 19 

 
11. Future Strategies  
Outline development plans for the results of the research.   
 
The results of this research project will be further applied to an EU-FP7 project called “BenchValue” 
which has been funded under the SUMFOREST ERA-NET research call.  
 
12. Consent to Publish Final Report on the DAFM Website and/or Through Other Dissemination 
channels 
 
I consent to this report being made available to the public, through the Department’s website and other 
dissemination channels. * 
 
 

Yes x  No  
 
 
13.  Declaration 
 
 
I declare that the information contained in this final report is complete and true to the best of my 
knowledge and belief. 
 
 

Signed:   Project Coordinator 
 
 
Date:   ____28th December 2017_________ 
 
*IPR sensitive information that the coordinator does not wish to make public should be highlighted in 
red font. All text in red font in this report will not be made publicly available by DAFM. 
 
 
 
 


