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EXECUTIVE SUMMARY 
This life cycle assessment (LCA) reports on the environmental performance of Composite Panel 
Association (CPA) member particleboard facilities in North American. The industry average LCA does not 
make comparisons between facilities or with other panel products from non CPA member particleboard 
manufacturers. The LCA declared unit is one cubic meter of finished particleboard ready for shipment. 
The objective of CPA in commissioning this study was to better understand the environmental impacts of 
particleboard production in order to examine opportunities for improving particleboard manufacturing 
environmental footprint. This report is an update to the cradle-to-gate report from 2018 to include 
additional life cycle modules required for a cradle-to-grave analysis.  

This study was conducted according to the international life cycle inventory (LCI) and life cycle impact 
assessment (LCIA) standards defined by the International Organization for Standardization (ISO) in its life 
cycle assessment standards ISO 14040/Amd1:2020: and 14044/Amd1:2017/Amd2:2020 (ISO 2006 a-b) 
series and reporting requirements in ISO 21930 (ISO 2017). The geographic boundary for the study is the 
United States and Canada.  

Particleboard is considered a non-structural panel and is used as components in the production of 
furniture, cabinets, flooring, countertops, door components, and millwork. Input materials to produce 
particleboard include wood residue comprised of chips, sawdust, and shavings (all co-products from the 
production of other wood manufacturing processes),chipped whole logs, construction waste, resin, and 
wax, as well as all fuels and electricity use. Both primary and secondary data sources were used in the 
development of this cradle-to-grave inventory of particleboard. Primary data included production data 
gathered from CPA member particleboard facilities. Secondary data was used for residue production, 
resin production, energy, fuels, ancillary materials, chemicals, and packaging. Considerable attention was 
given to data quality issues including ensuring that the data were representative of particleboard 
operations in North America.  

This LCA includes mandatory modules A1-A3 for a cradle-to-gate analysis (Table ES1). Additional declared 
Modules include A4-Transportation to building site and A5 – Installation, Module B – Use, and End-of-
Life (EoL) stages (C1 – C4) and additional benefits or reuse, energy recovery and recycling potential in 
Module D to complete a cradle-to-grave module inclusions (ISO 21090 5.2.2). Due to data gaps, the 
impact of deconstruction and waste processing (Module C1 and C3) are considered null for this LCA 
(Sahoo et al. 2021) as well as Module B1 – B7.  

  

https://corrim.org/wp-content/uploads/2019/03/LCA-Particleboard.pdf
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Table ES 1 Description of the System Boundary Modules 
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Particleboard manufacturing mills represented in this LCA represent 61 percent of the North American 
production capacity (CPA 2023). The functional unit of particleboard for the analysis is 1.0 cubic meter 
(m3). The weighted average production capacity of the surveyed mills was 430,452 m3 (243,221 1,000, 
square feet, ¾” basis) with an average density of 796 kg/m3 at 5.0 percent moisture content (dry basis). 
The particleboard panel is comprised of approximately 92 percent wood and 8 percent resin, wax, urea, 
and other additives (e.g., catalyst, adhesives) - all on an oven dry or 100% solids basis weight. 

 
KEY FINDINGS 
In the cradle-to-gate (A1-A3) (Table ES2 and Figure ES1) of particleboard, the life cycle stages A1 -
resource extraction and manufacturing (A3) are the most critical life cycle stages contributing to 
environmental impact. Wood residue and resin production are the main contributor to impacts in the A1 
– resource extraction module representing 40 and 60 percent to the A1 embodied carbon, respectively 
(Tabel ES1 and Figure ES1). Total cradle to gate particleboard embodied energy is 8,105 MJ/m3. 
Renewable fuels represent 30 percent (2,468 MJ/m3), while non-renewable represent 70 percent or 
5,637 MJ/m3 (A1-A3). Renewable biomass represents 90 percent of all renewable fuel sources, cradle to 
gate. Average onsite (A3) energy use was 4,277 MJ/m3 comprising 39 percent renewable and 61 percent 
non-renewable (table ES2 and Figure ES2)  

Carbon storage occurs in trees as a result of CO2 uptake as they grow, using carbon to form wood and 
releasing oxygen back to the atmosphere. The carbon from the trees is transferred to the wood at the 
time of harvest and this carbon remains stored in wood products such as MDF. About half the mass of 
wood is carbon; to determine the equivalent of CO2 that was removed from the air to form the wood 
multiply their carbon content in kg by 3.67 kg CO2/kg which is the molar mass ratio of CO2 to C of 44 to 
12.  
 
In the cradle to gate (A1-A3) results, 1,189 kg CO2 eq was removed from the atmosphere and then 
transferred to the wood residues used to produce 1.0 m3 of particleboard. One 1 m3 of particleboard 
stores 1,123 kg CO2 eq, which is more carbon than is released (316 kg CO2 FOSSIL eq)(Table ES2) during 
manufacturing from cradle-to-gate (A1-A3) (Table ES3). In summary, the carbon stored in MDF panels 
can offset carbon emissions from both biogenic and fossil sources (Table ES3).  
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Table ES 2 Cradle-to-Gate (A1-A3) LCIA Results for 1 m3 of North American Particleboard Production 

Core Mandatory Impact Indicator Indicator Unit A1-A3 A1 A2 A3 
Global warming potential – Total GWPTOTAL kg CO2eq  315.81   (1,055.92) 10.40  1,361.33  
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq   (0.00)  (1,188.92)        -    1,188.92  
Global warming potential - Fossil GWPFOSSIL kg CO2eq 315.81   133.00  10.40      172.41  
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 1.57E-05 1.53E-05 4.90E-08 2.69E-07 
Acidification potential of soil and water sources AP kg SO2eq   2.62   0.77    0.07    1.78  
Eutrophication potential EP kg Neq   0.25     0.18  0.00     0.07  
Formation potential of tropospheric ozone SFP kg O3eq  44.29    17.62    1.92  24.75  
Abiotic depletion potential (ADPFOSSIL) for fossil resources ADPf MJ, NCV 5,344.65    2,667.52   130.34    2,546.80  
Fossil fuel depletion FFD MJ Surplus  721.17    405.61    19.58    295.98  
Use of Primary Resources            
Renewable primary energy used as energy RPRE MJ, NCV  2,467.67   811.41   0.28   1,655.98  
Renewable primary energy used as material RPRM MJ, NCV 13,343.68   13,343.68   -     -    
Non-renewable primary energy used as energy NRPRE MJ, NCV  5,637.57   2,884.51   132.21   2,620.86  
Non-renewable primary energy used as material NRPRM MJ, NCV  1,813.61   1,813.61   -     -    
Secondary Material, Secondary Fuel and Recovered 
Energy           

Secondary material SM kg 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters           
Consumption of freshwater resources FW m3 1.04  0.57   0.00   0.47  
Indicators Describing Waste           
Hazardous waste disposed HWD kg 0.00 2.87E-03 0.00E+00 1.65E-04 
Non-hazardous waste disposed NHWD kg 22.74 0.00E+00 0.00E+00 2.27E+01 
High-level radioactive waste, conditioned, to final 
repository HLRW m3 4.34E-07 2.12E-07 9.52E-10 2.21E-07 

Intermediate- and low-level radioactive waste, 
conditioned, to final repository ILLRW m3 2.19E-06 1.76E-06 8.23E-09 4.21E-07 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 
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Figure ES 1 Contribution Analysis for A1-A3 life cycle modules - Gate-to-Gate Selected LCIA Results for 
North American Particleboard Production , Relative Basis.  

 

 

 

Figure ES 2 Contribution Analysis for A3-Manufacturing - Gate-to-Gate Cumulative Energy Demand 
(CED) results for1 m3 of North American Particleboard Production, relative basis 
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Table ES 3 Carbon Stored in Wood Residue, Particleboard, and Co-Products as kg CO2eq, and A1-A3 
Embodied Carbon and Biogenic Carbon in kg CO2 eq. This Table is adapted from Table 22 in this 
Document. 

Carbon Accounting1/ 

1 2 3 4 5 
Carbon stored in wood 

residues 
Stored Carbon in 

Co-product 
Stored Carbon in 

Product2/ 
Embodied 
Carbon2/ 

Carbon  
Emission2/ 

kg CO2 STORED eq kg CO2 STORED eq kg CO2 STORED eq kg CO2 FOSSIL eq kg CO2 BIOGENIC eq 
1,189 2 1,123 316 64 

1/ The sum of columns 2, 3, and 5 = column 1 for a carbon balance 
2/Stored carbon in product 1,123– 316 – 64 = net carbon emissions -743 kg CO2 eq includes biogenic emissions 
 

Extending the system boundary to include end of life treatments (Modules C2, C4, and D) provides a 
better understanding of the fates of wood products when they are removed from service. Landfilling 
provides the largest carbon benefit compared to incineration and reuse (Table ES4). The average end-of-
life scenario, which represents 82% landfill and 18% incineration, also provides a significant carbon 
benefit and this benefit increases in Module D when we substitute out natural gas for energy. 

 

Table ES 4 Cradle-to-Grave (A1-C4) End-of-Life Scenario Results for GWPTOTAL in kg CO2eq for North 
American Particleboard Production, Biogenic Carbon Declared 

End of Life 
Waste Scenarios 

with Biogenic Carbon Declared 

A1-C4 
Average 

82% Landfill & 
18 % Incineration 

A1-C4 
100 % 

Landfilling 

A1-C4 
100% 

Incineration 

A1-C4 
100% 
Reuse 

 GWPTOTAL kg CO2eq/m3 
Particleboard -195.92 -347.72 486.33 446.48 
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ABBREVIATIONS  
AP  Acidification potential of soil and water sources 
CED  Cumulative Energy Demand 
CFCs  Chlorofluorocarbons 
CFC-11  Trichlorofluoromethane 
EoL  End of Life 
EP  Eutrophication potential 
EPDs  Environmental Product Declarations 
FW  Consumption of freshwater resources 
GWP  Global Warming Potential 
GWPBiogenic Carbon dioxide only released from the combustion of biogenic materials (e.g., wood)  
GWPTotal The sum of GWPBiogenic and GWPTotal 

GWPTRACI Global Warming Potential as an output from the TRACI impact methods. Does not 
include carbon dioxide released from biogenic sources 

HLRW  High-level radioactive waste, conditioned, to final repository 
HWD  Hazardous waste disposed 
ILLRW  Intermediate- and low-level radioactive waste, conditioned, to final repository 
ISO  International Organization for Standardization 
kg  kilogram 
LCA  Life Cycle Assessment 
LCI  Life Cycle Inventory 
LCIA  Life Cycle Impact Assessment 
m  meters 
m3  cubic meters 
MC  moisture content 
MJ  megajoule 
MSF  one thousand square feet 
N  Nitrogen 
NCV  Net Caloric Value 
NHWD  Non-hazardous waste disposed 
NRPRE  Non-renewable primary energy carrier used as energy 
NRPRM  Non-renewable primary energy carrier used as material 
O3  Ozone 
ODP  Depletion potential of the stratospheric ozone layer 
odkg  oven dry weight of wood in kilograms 
PCR  Product Category Rules 
RPRE  Renewable primary energy carrier used as energy 
RPRM  Renewable primary energy carrier used as material 
SFP  Formation potential of tropospheric ozone 
tkm  metric tonne – kilometers 
TRACI  Tool for the Reduction and Assessment of Chemical and Other 

Environmental Impacts 
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GLOSSARY OF TERMS  
Allocation – partitioning the input or output flows of a process or a product system between the product 
system under study and one or more other product systems (14040:2006/Amd1:2020)  

Biogenic Carbon-carbon derived from biomass (CO2BIO) (ISO 21930:2017) 

CO2e/Carbon dioxide equivalent/CO2 equivalent. Unit for comparing the radiative forcing of a 
greenhouse gas to that of carbon dioxide (ISO 14067) 

Co-product- any of two or more products coming from the same unit process or product system (ISO 
14040:2006/Amd1:2020) 

Cradle-to-gate – Covers the mandatory production stage that includes the following information 
modules: extraction and upstream production (raw material supply), transport to factory and 
manufacturing (ISO 21930:2017) 

Declared Unit - quantity of a construction product for use as a reference unit in an EPD based on LCA, for 
the expression of environmental information needed in information modules. When the precise function 
of the product or scenarios at the construction works level is not stated, or is unknown, a declared unit 
may be used instead of the functional unit (ISO 21930:2017) 

Embodied Carbon- Carbon emissions associated with materials and construction process throughout the 
whole life cycle of a building or infrastructure (World Green Building Council)  

Life cycle assessment (LCA) – compilation and evaluation of the inputs, outputs, and the potential 
environmental impacts of a product system throughout its life cycle (14040:2006/Amd1:2020)   

Life cycle inventory (LCI) phase of life cycle assessment involving the compilation and quantification of 
inputs and outputs for a product throughout its life cycle (14040:2006/Amd1:2020)  

Life cycle impact assessment (LCIA) – phase of life cycle assessment aimed at understanding and 
evaluating the magnitude and significance of the potential environmental impacts for a product system 
throughout the life cycle of the product (14040:2006/Amd1:2020)   

Product Category Rules (PCR) – Set of specific rules, requirements, and guidelines for the development 
of type III environmental declarations for one or more product categories (ISO 14025).   

System boundary – A set of criteria that specifies which unit processes are part of a product system (ISO 
14044/Amd1:2017/Amd2:2020) 
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1 INTRODUCTION 
Producing all materials, renewable and non-renewable, has environmental impacts. Over the years, 
assessment of environmental burdens has evolved from not just considering site-specific impacts but to 
now include impacts of specific products processes and use. The increased need for product specific 
environmental information has progressed the use of environmental product declarations (EPDs) as one 
tool for product selection. 

Historically, a preferred environmental building product was one that was made from renewable or 
recycled resources. Today, building materials are held to a higher standard of transparency that goes 
beyond their natural attributes. Builders, designers, politicians, and the general public are asking for the 
full suite of a material’s environmental impact to meet “green building” standards as well as state and 
national emission reduction benchmarks, just to name a few. Building materials that have low embodied 
carbon and energy are sought out, and other functional aspects such as structural performance, ease of 
installation and product durability are also desired. Users of building materials are increasingly relying on 
science-based quantitative life cycle assessment (LCAs) studies and EPDs that offer assurance that the 
material has the environmental attributes they seek.  

LCAs will become increasingly important as they are used by all industries to inform product and process 
design, as well as building system development, as they seek to minimize energy consumption and 
carbon releases. Going forward, the need for credible, scientific, LCA-based information will be greater 
than ever. We cannot assume wood products will continue to enjoy environmental superiority without 
continued advancement in environmental and product performance, from cradle-to-grave.   

The Composite Panel Association (CPA) engaged CORRIM to complete a cradle-to-grave life cycle 
assessment of North American (NA) average particleboard production. The LCA included primary LCI 
data from particleboard producers that included all raw materials, resources, energy, and ancillary flows 
entering the particleboard production facility as well as emissions to air, water, and land association with 
the production of the finished product. The project is a collaborative effort between CPA and CORRIM. 
The Composite Panel Association was responsible for identifying and engaging participants through their 
member mills while CORRIM was responsible for survey design, questionnaire validation, and final LCA 
report. Surveys were distributed to NA particleboard manufacturers in March 2023 and requested LCI 
input and output data for the 2021/2022 production year. 

This report describes the cradle-to-grave energy and materials required for producing particleboard 
produced in North America and the subsequent releases into the environment. Each facility was 
surveyed to collect the material use and energy consumption for the 2021/2022 calendar year. Inputs 
included feedstocks, fuels, energy, resin, ancillary materials, material and product transportation, and 
packaging materials.   

The data collection followed ISO 14040/44 standards (ISO 2006a-c), ISO 21930 (ISO 2017), the Product 
Category Rules (PCR) for North American Structural and Architectural Wood Products, Part B (UL 2020) 
and Part A: Life Cycle Assessment Calculations Rules and Report Requirements (UL 2018).  

2 LIFE CYCLE ASSESSMENT 
Life-cycle assessment (LCA) has evolved as an internationally accepted method to analyze complex 
impacts and outputs of a product or process and the corresponding effects they might have on the 
environment. LCA is an objective process to evaluate a product’s life cycle by identifying and quantifying 
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energy and materials used and wastes released to the environment; to assess the impact of those energy 
and materials uses and releases on the environment; and to evaluate and implement opportunities to 
effect environmental improvements. LCA studies can evaluate full product life cycles, often referred to as 
“cradle-to-grave,” or incorporate only a portion of the products life cycle, referred to as “cradle-to-gate,” 
or “gate-to-gate.” This study can be categorized as a cradle-to-grave, or a cradle-to-gate with options as 
the use phase is not included.  

As defined by the International Organization for Standardization (ISO 2006a-b), LCA is a multiphase 
process consisting of a 1) Goal and Scope Definition, 2) Life Cycle Inventory (LCI), 3) Life Cycle Impact 
Assessment (LCIA), and 4) Interpretation (Figure 1). These steps are interconnected, and their outcomes 
are based on goals and purposes of a study.   

  

 
Figure 1 Steps involved in a life cycle assessment. 

An LCA begins with a project goal, scope, functional unit, system boundaries, any assumptions and study 
limitations, method of allocation, and the impact categories that will be used. 

The key component is the LCI which is an objective, data-based process of quantifying energy and raw 
material requirements, air emissions, waterborne effluents, solid waste, and other environmental 
releases occurring within the system boundaries. It is this information which provides a quantitative 
basis for comparing wood products, their manufacturing processes and, most importantly from the 
forest industry point of view, wood products performance against competitors who use other resources 
to create alternative products.  

The LCIA process characterizes and assesses the effects of environmental releases identified in the LCI 
into impact categories such as global warming, acidification, eutrophication, ozone depletion, and smog.  

The life cycle interpretation is a phase of LCA in which the findings of either the LCI or the LCIA, or both, 
are evaluated in relation to the defined goal and scope to reach conclusions and recommendations. This 
final step in an LCA involves an investigation of significant environmental aspects (e.g., energy use, 
greenhouse gases), their contributions to the indicators under consideration, and which unit processes in 
the system are generating the emissions. For example, if the results of a LCIA indicate a particularly high 
value for the global warming potential indicator, the analyst could refer to the inventory to determine 
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which environmental flows are contributing to the high value, and which unit processes contribute to 
those outputs. This is also used as a form of quality control, and the results can be used to refine the 
scope definition to focus on the more important unit processes. This step also supports arriving at more 
certain conclusions and supportable recommendations.   

3 GOAL AND SCOPE 

It is the goal and scope that provide the plan for conducting the LCI including data collection, 
compilation, and interpretation. The EPD developed from this LCA study is intended for use in Business 
to Consumer (B to C) communications. 

3.1 GOALS AND OBJECTIVES 
3.1.1 GOALS  
The primary goal is to generate a cradle-to-grave LCA for particleboard. The LCA will follow data and 
reporting requirements which provide guidance for preparation of a business-to-consumer EPD. 

3.1.2 INTENDED AUDIENCE AND USES  
The primary audience for the results of this LCA report is primarily CPA, their member mills, and CORRIM 
LCA practitioners. The Composite Panel Association may make the study results available externally to 
suppliers, architectural and engineering professionals, government organizations, academia, policy 
makers, or other interested parties.  

3.1.3 COMPARATIVE ASSERTIONS 
The report does include end-of-life phases, which are required for comparative assertions relative to 
substitute products. This LCA study does not include comparative assertions. If comparative studies are 
intended and disclosed to the public, reporting will be consistent with the 14044/AMD 1:2017/ AMD 
2:2020:2006 guidelines and principles and ISO 21930 core rules for EPDs (ISO 2006a-c, ISO 2017), and 
will be in compliance with the Wood Products PCR, Part A and B (UL 2018 and 2020). No comparative 
assertions are made in this LCA. 

3.2 SCOPE OF CONSIDERED SYSTEM 
This LCA follows the attributional approach as outlined in ISO 21930 Section 7.1.1.  

3.2.1 GEOGRAPHICAL DISTRIBUTION 
Particleboard facilities are located in Oregon, Montana, Michigan, South Carolina, Mississippi, Louisiana, 
and Texas of the U.S, and Quebec and Ontario in Canada. All data for the LCA study were obtained from 
the manufacturers.  

3.2.2 SYSTEM BOUNDARY 
Information modules included in the LCA are shown in Table 1 and Figure 2. This LCA includes mandatory 
modules A1-A3 for a cradle-to-gate analysis. Additional declared Modules include A4-Transportation to 
customers and A5 – Installation1, Module B – Use, and EoL stages (C1 – C4) and additional benefits or 
reuse, energy recovery and recycling potential in Module D to complete a cradle-to-grave module 
inclusions (ISO 21090 5.2.2). Due to data gaps, the impact of deconstruction and waste processing 
(Module C1 and C3) are considered null for this LCA (Sahoo et al. 2021) as well as Module B1 – B7.  

 
1 In this LCA A5 could be used a building sites or secondary manufacturers 
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Both human activity and capital equipment were excluded from the system boundary. The 
environmental effects of manufacturing and installing capital equipment and buildings have generally 
been shown to be minor relative to the throughput of materials and components over the useful lives of 
the buildings and equipment. Human activity involved in the manufacturing of particleboard no doubt 
has a burden on the environment. However, the data collection required to properly quantify human 
involvement is particularly complicated and allocating such flows to the production of materials as 
opposed to other societal activities was not feasible for a study of this nature. Typically, human activity is 
only considered within the system boundary when value-added judgements or substituting capital for 
labour decisions are within the study scope. These types of decisions are outside the current goal and 
scope of this study.  

Table 1 Description of the system boundary modules 
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Figure 2 Cradle-to-Grave System Boundary For Particleboard 
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3.2.3 CUT OFF RULES 
The cut-off criteria for all activity stage flows considered within the system boundary conform with ISO 
21930: 2017 Section 7.1.8. Specifically:  

• All inputs and outputs for which data are available are included in the calculated effects and no 
collected core process data are excluded. 

• A one percent cut-off is considered for a) renewable and non-renewable primary energy 
consumption and b) the total mass of inputs within a unit process. The sum of the total 
neglected flows does not exceed 5% of all energy consumption and mass of inputs. 

• All flows known to contribute a significant impact or to uncertainty are included. 
• The cut-off rules are not applied to hazardous and toxic material flows, all of which are included 

in the life cycle inventory. 
 
 No material or energy input or output was knowingly excluded from the system boundary. 
 

3.2.4 DATA COLLECTION 
Surveys were used to collect the LCI data in accordance 14044/AMD 1:2017/ AMD 2:2020 standards. This 
study relied almost exclusively on production and emissions data provided by the particleboard 
producer, with some secondary data on fuels and electrical grid inputs from the US database (Datasmart 
2021) and European datasets (Ecoinvent 3.9.1) (LTS 2021, Wernet et al. 2016). There are 12 facilities that 
provided data for 2021/2022 production and consumption of raw materials and fuels, electricity, 
ancillary materials, transportation, and resins and on-site emissions.  

This study collected data from twelve particleboard manufacturers in NA (9 U.S. and 3 Canadian). Wood 
inputs include both whole logs and wood residues from a variety of co-products produced in both 
sawmills and plywood mills in the Pacific Northwest, Southeast, Inland Northwest, Northeast, and North 
central regions of the US. The Northeast and North central regions were used as surrogates for Ontario 
and eastern Canada residue production facilities. Wood residue inputs represent wet and dry shavings, 
green and dry chips, green and dry sawdust, and panel trim. The wood residues are comprised of several 
softwood and hardwood species commonly used in lumber and plywood production in North America. 

3.2.5 CALCULATION RULES 
Particleboard commonly reported in thousand square feet, 3/4-inch thick (MSF) or in cubic meters, 
19.05-mm basis. The survey results were converted to one cubic meter (m3). One MSF ¾-basis of 
particleboard equals 1.77 m3 19.05-mm basis and the final product has an oven-dried moisture content 
of 4.5-7.5%. SimaPro, version 9.5 (Pré Consultants 2023) was used as the accounting program to track all 
of the materials. 
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Based on the data availability, an approach using average weighting factors was applied in this LCA study. 
Averaging weighting factors per each particleboard plant are calculated respectively as follows: 

 

 

Missing data is defined as data not reported in surveys. Whenever missing data occurred for survey 
items, they were checked with plant personnel to determine whether it was an unknown value or zero. 
Missing data were carefully noted so they were not averaged as zeros. 

3.2.6 FUNCTIONAL AND DECLARED UNIT 
In accordance with the PCR the declared unit for particleboard is one cubic meter which represents the 
area of the panel multiplied by its thickness and installed in a building for 75 years (UL 2020). This value 
is presented as 1.0 m3 , 19.05 mm basis. A declared unit is used in instances where the function and the 
reference scenario for the whole life cycle of a wood product cannot be stated (UL 2020).  All input and 
output flows were mass allocated to particleboard.  

One cubic meter of particleboard has the following properties:  

− Product Mass  696.46    . kg 
− Thickness  19.05    mm  
− Density  696.46    kg/m3  
− Moisture Content  5.00    %, oven-dry basis  

 

3.2.7 ALLOCATION RULES 
Allocation is the method used to partition the environmental load of a process when several products or 
functions share the same process. Particleboard is the only valuable output from the manufacturing 
facility and thus no allocation was applied to A3-product manufacturing. Following the PCR, Part A and B, 
allocation is based on physical properties (e.g., mass or volume). The wood residue input for 
particleboard is a product of multiple output processes, namely the milling of lumber and plywood 
production in the different source regions. In these cases, mass allocation data for residues was 
conservatively chosen. For this study, a mass allocation was used. The packaging inputs are allocated 
100% to the product. 

Example for Mill y1, (12 particleboard facilites) 
 

w1 = y1 / (y1 + y2 + y3 +…y12) = y1 / Ytotal 
 
w1 (in %) = (y1 / Ytotal) * 100 
 
where: 

Ytotal  total annual production of the 12 mills (m3 basis) 
y1  annual production of Plant 1 (m3 basis) 
y2  annual production of Plant 2 (m3 basis) 
y3  annual production of Plant 2 (m3 basis) 

   .  . 
.  . 
.  . 
y12 annual production of Plant 12 (m3 basis) 
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3.2.8 PACKAGING 
Packaging materials represent less than 1 percent (0.79%) of the mass of the main product. Common 
packaging materials are wrapping material, steel strapping, wood stickers, corner protectors, and 
shrouds. The packaging is allocated 100 percent to the primary product. 

3.2.9 IMPACT CATEGORIES / IMPACT ASSESSMENT 
The life cycle impact assessment (LCIA) phase establishes links between the LCI results and potential 
environmental impacts. The LCIA calculates impact indicators (Table2), such as global warming potential 
and smog. These impact indicators provide general, but quantifiable, indications of potential 
environmental impacts. Note: Six impact indicators listed in Table 2, global warming potential, ozone 
depletion potential, acidification potential, eutrophication potential, smog formation potential, and 
abiotic resource depletion potential of non-renewable (fossil) energy resources, are globally deemed 
mature enough to be included in a Type III environmental declarations. Other categories are being 
developed and defined and LCA should continue making advances in their development. However, the 
results from this LCA as they appear in the subsequent EPDs, users shall not use additional measures for 
comparative purposes. 

Environmental impacts are determined using several methods obtained with the SimaPro software 
package and include the US Environmental Protection Agency’s (EPA) TRACI 2.1 v1.08 (Tool for the 
Reduction and Assessment of Chemical and Other Environmental Impacts) (Bare 2012). Additional 
impact indicators were generated using the European CML Baseline (CML-IA V3.09/EU25, and 
Cumulative Energy Demand (CED LHV, v.1.0) as well as several indicators calculated from the LCI results. 
This LCIA does not make value judgments about the impact indicators, meaning a comparison of 
indicator values is not valid. Additionally, each impact indicator value is stated in units that are not 
comparable to others. For the same reasons, indicators should not be combined or added. Additionally, 
the LCIA results are relative expressions and do not predict impacts on category endpoints, the 
exceeding of thresholds, safety margins, or risks.  

Cumulative Energy Demand is based on fuels’ lower heating values (LHV). Cumulative Energy Demand is 
calculated from data published by Ecoinvent and expanded by PRé for energy resources available in the 
SimaPro database. Characterization factors are given for six impact categories: 1. Non-renewable, fossil, 
2. Non-renewable, nuclear, 3. Non-renewable, biomass, 4. Renewable, biomass, 5. Renewable, wind, 
solar, geothermal, and 6. Renewable, water. The primary fuels are categorized into non-renewable (fossil 
and nuclear) and renewable (biomass, geothermal, solar, wind, and hydro).  

Table 2 summarizes the source and scope of each impact category reported in this report, as required to 
be in conformance with the PCR (UL 2018, 2020) and ISO 21930.  
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Table 2 Selected Impact Category Indicators and Inventory Parameters 

Core Mandatory Impact Indicator Abbrev. Units Methods 
Global warming potential, Total GWPTOTAL kg CO2eq GWPFOSSIL + GWPBIOGENIC 
Global warming potential, Biogenic  GWPBIOGENIC kg CO2eq TRACI 2.1 V1.08+ LCI Indicator 
Global warming potential, Fossil GWPFOSSIL kg CO2eq TRACI 2.1 V1.08 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq TRACI 2.1 V1.08 
Acidification potential of soil and water sources AP kg SO2eq TRACI 2.1 V1.08 
Eutrophication potential EP kg PO4eq TRACI 2.1 V1.08 
Formation potential of tropospheric ozone SFP kg O3eq TRACI 2.1 V1.08 
Abiotic depletion potential (ADPFOSSIL) for fossil resources; ADPf MJ, NCV CML-IA Baseline V3.09 / EU25 
Fossil fuel depletion FFD MJ Surplus TRACI 2.1 V1.08 
Use of Primary Resources    
Renewable primary energy carrier used as energy RPRE MJ, NCV b/ CED (LHV) V1.00 
Renewable primary energy carrier used as material RPRM MJ, NCV LCI Indicator 
Non-renewable primary energy carrier used as energy NRPRE MJ, NCV CED (LHV) V1.00 
Renewable primary energy carrier used as material NRPRM MJ, NCV LCI Indicator 
Secondary Material, Secondary Fuel and Recovered Energy    
Secondary material SM kg LCI Indicator 
Renewable secondary fuel  RSF MJ, NCV LCI Indicator 
Non-renewable secondary fuel NRSF MJ, NCV LCI Indicator 
Recovered energy RE MJ, NCV LCI Indicator 
Mandatory Inventory Parameters    
Consumption of freshwater resources; FW m3 LCI Indicator 
Indicators Describing Waste    
Hazardous waste disposed HWD kg LCI Indicator 
Non-hazardous waste disposed NHWD kg LCI Indicator 
High-level radioactive waste, conditioned, to final repository HLRW m3 LCI Indicator 
Intermediate- and low-level radioactive waste, conditioned, 
to final repository ILLRW m3 LCI Indicator 

Components for re-use CRU kg LCI Indicator 
Materials for recycling MR kg LCI Indicator 
Materials for energy recovery MER kg LCI Indicator 
Recovered energy exported from the product system EE MJ, NCV LCI Indicator 
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3.3 BIOGENIC CARBON 
Wood is a biobased material and thus contains biogenic carbon. The accounting of biogenic carbon 
follows the requirements set out in ISO 21930:2017 section 7.2.7 and 7.2.12. Per ISO 21930, biogenic 
carbon enters the product system (removal) as primary or secondary material. Carbon removal is 
considered a negative emission. The biogenic carbon leaves the system (emission) as a product, 
coproducts, and directly to the atmosphere when combusted. These mass flows of biogenic carbon from 
and to nature are listed in the LCI and expressed in kg CO2

2.  

In the LCIA, the LCI flow of biogenic carbon removal is characterized with a factor of -1 kg CO2e/kgCO2 of 
biogenic carbon in the calculation of the GWP3. Likewise, the LCI flow of biogenic carbon emission is 
characterized with a factor of +1 kg CO2e/kg CO2 of biogenic carbon in the calculation of the GWP. 
Emissions other than CO2 associated with biomass combustion (e.g., methane or nitrogen oxides) are 
characterized by their specific radiative forcing factors in the calculation of the GWP.  

The UL PCR 2020 specifies TRACI as the default LCIA method for GWP. The TRACI method does not 
account for the removals or emissions of biogenic CO2. We have thus manually calculated the 
component of the global warming potential related to biogenic carbon separately. We have reported the 
GWP indicator both with and without the biogenic CO2 component for maximum transparency.  

The results for global warming potential (GWP) and biogenic CO2 are as follows:  

− GWPFOSSIL includes greenhouse gases (GHG) emissions from the combustion of fossil resources, 
and GHG emissions other than CO2 from the combustion of biogenic resources (TRACI method)  

− GWPBIOGENIC adds the net emissions of biogenic carbon to the GWP (TRACI method + net biogenic 
carbon) 

− LCI flows of biogenic carbon emissions and removals (Section 7.2; Table 22)  

  

 
2 Example: 1 m3 particleboard (wood only) = 613 kg is equal to 307 kg carbon (assuming 50% carbon content) is equal to 1,123 kg of 

CO2 eq.  
3 ISO 21930 requires a demonstration of forest sustainability to characterize carbon removals with a factor of -1 kg CO2e/kg CO2. ISO 

21930 Section 7.2.1 Note 2 states the following regarding demonstrating forest sustainability: “Other evidence such as national 
reporting under the United Nations Framework Convention on Climate Change (UNFCCC) can be used to identify forests with 
stable or increasing forest carbon stocks.” Canada’s UNFCCC annual report Table 6-1 provides annual net GHG Flux Estimates for 
different land use categories. This reporting indicates non-decreasing forest carbon stocks and thus the source forests meet the 
conditions for characterization of removals with a factor of -1 kg CO2e/kg CO2. 
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4  DESCRIPTION OF INDUSTRY  
The Composite Panel Association, founded in 1960,represents the North American wood-based 
composite panel and decorative surfacing industries on technical, public policy, quality assurance and 
product acceptance issues. Composite Panel Association members include the leading manufacturers of 
particleboard, medium density fiberboard (MDF), engineered wood siding, trim and hardboard, 
manufacturers of decorative surfaces, furniture, cabinets, mouldings, doors, and equipment, along with 
laminators, distributors, industry media and adhesive suppliers.  

North American MDF capacity is comprised of 30 total mills: 17 in the US (64% of capacity), four in 
Canada (24.8% of capacity) and nine mills in Mexico (11.1% of capacity). Composite Panel Association 
members represent 92.2 percent of the active North American particleboard capacity.  

4.1 ANNUAL OPERATING AND PRODUCTION STATISTICS OF THE INDUSTRY  
In 2021, total North American production capacity of particleboard was over 7.7 million m3, with 5.6 
million from U.S. facilities and facilities in Canada producing an additional 2.2 million m3 (CPA 2023). 
Particleboard facilities responding to surveys for this LCA represented 61 percent of total production 
capacity North American (Table 3). 

Table 3 Survey Respondents’ Representation of North American Particleboard Production. 

Particleboard 2021 Production Capacity Data 
 USA Canada North America 

 Cubic meters (m3) 
Facilities Represented in Surveys 3,467,000 1,264,000 4,731,000 
North American Total (CPA 2023) 5,599,000 2,173,000 7,772,000 

Survey Data Representation of Total Production 62% 58% 61% 
 

4.2 LOCATION OF MARKETS AND TYPICAL TRANSPORTATION METHODS 
North American markets for particleboard include most U.S. states and Canadian provinces. 
Particleboard is shipped directly to customers, distribution centers, or secondary manufacturers such 
flooring and cabinet manufacturers. See section 5.4 for more detail on distribution and mode of 
transport for particleboard in North America. 

 

4.3 PLANT AGE AND GEOGRAPHICAL DISTRIBUTION 
Manufacturing facilities reported to be in operation between 40 - 63 years. Facilities reported installation 
and upgrades to equipment between 1997and 2022.  
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5 DESCRIPTION OF PRODUCT 
Particleboard is a non-structural panel product developed in the 1970s to utilize industrial wood residue 
from the production of primary wood products such as softwood lumber and plywood. These wood 
residues were previously burned for energy or sent to landfill to dispose of them as waste material. Over 
the years the product has evolved into a highly engineered product designed to meet specific end-use 
requirements. Particleboard is an industrial type of panel used for making furniture, cabinets, flooring, 
countertops, door components, and millwork (Figure 3). The production of particleboard falls into the 
Standard Industrial Classification (SIC) Code 2493—reconstituted wood products—which includes other 
wood composite products such as hardboard, insulation board, particleboard, and oriented strand 
board.  

 

Figure 3 Particleboard 

Particleboard is produced from industrial wood residues such as chips, shavings, sawdust, and panel trim 
and can be produced from whole logs (chipped) or construction waste. The residues are refined to fibers 
or fiber bundles that are dried, blended with resin and wax, and then formed into a mat that is 
consolidated and cured under pressure and heat. In this LCA, particleboard densities where reported 
ranging from 561-803 kg/m3, at reported moisture contents, consistent with the material standards 
listed in the American National Standard ANSI A208.1-2022 (ANSI 2022).  

Weighted average product density was 696 kg/m3 at a 5 percent moisture content (oven dry basis). Table 
4 details the product composition for North American industry average particleboard production. In 
addition to the weighted average product composition that was the basis of this LCA, Table 4 also 
reports the statistical variation, median, minimum, and maximum values for these surveyed data. 

Table 4 Average Product Composition for Particleboard 

Average Product Composition Unit Weighted 
Avg. Variance Median Minimum Maximum 

Product Density, oven dry basis kg/m3 663.29 6,208.68 684.82 561.21 802.52 
Moisture Content % 5.00% 0.01% 5.88% 4.50% 7.50% 
Wood Component kg/m3 612.49 4,821.40 637.85 546.12 781.81 
Resin Component kg/m3 50.80 1,265.49 42.97 15.08 129.40 

https://www.naics.com/sic-industry-description/?code=2493
https://www.compositepanel.org/resources/standards/
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5.1 TYPICAL EMISSION CONTROL MEASURES BY PLANT TYPE AND GENERAL TYPES OF EMISSIONS 
Pressing and drying processes contribute the most emissions in wood production facilities. These are 
created by thermal energy production through the direct fired process and by the use of emission 
control devices. Emission control devices (ECD) are used at presses, dryers, forming lines, screens, 
hammer mills, and sawing processes. Types of ECDs include electrostatic precipitators (ESP), wet 
electrostatic precipitators (WESP), regenerative thermal oxidizers (RTO), regenerative catalytic oxidizers 
(RCO), cyclones, and baghouses. Most ECDs use electricity with a few using natural gas (RTOs). Hence the 
additional energy requirement for emission control devices can potentially result in an overall increase 
of other greenhouse gases such as CO2, SO2, NOx, and methane. No dangerous substances were 
reported by industry that fall under ISO 21930 (ISO 2017). 

 
5.2 PRODUCT TECHNICAL SPECIFICATIONS 
Composite Panel Associations Formaldehyde Emissions Grademark Certification Program has been in 
operation since 1985. The program provides independent, accredited, certification of formaldehyde 
emission levels from particleboard products that meet federal U.S. EPD regulatory requirements and 
emissions specifications for the particleboard industry. Some of these standards include: 

− EPA TSCA Title VI 
− CARB ATCM 93120 
− CANFER SOR/2021-148 
− ANSI A208.1 Particleboard 

Particleboard is categorized as an engineered wood product under United Nations Standard Products 
and Services Code (UNSPSC) and Construction Specification Institute (CSI) for interior carpentry, 
architectural woodwork, and millwork (Table 5). 

Table 5 United Nations Standard Products and Services Code (UNSPSC) and Construction Specification 
Institute (CSI) Masterformat Code for Particleboard. 

CLASSIFICATION 
STANDARD CATEGORY PRODUCT CODE 

UNSPSC Engineered Wood Products 11122002 

CSI/CSC 
Interior Finish Carpentry 06 20 23 
Architectural Woodwork Casework 06 41 00 

 

5.3 WOOD SPECIES 
Wood residues used in particleboard production are comprised of a very wide variety of species common 
to the western, Midwest, and southern US regions and central and eastern Canada. Hardwood and 
softwood species were reported representing but not limited to Douglas fir, hemlocks, spruces, balsam 
fir, northern and southern pines, and mixed hardwoods from the north, south, and western US, and 
central and eastern Canada. 
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6 LIFE CYCLE INVENTORY ANALYSIS  
6.1 A1- RESOURCE EXTRACTION 
The wood extraction stage (A1) provides estimates of the yield and emissions associated with extraction 
of resources. In this LCA the A1 module includes wood residue production which encompasses upstream 
processes for softwood forestry operations as well as the production of the residues as coproducts from 
lumber and plywood operations. Resin production includes upstream processes for production resins 
and additives based on 100 percent solids content. 

6.1.1 WOOD RESIDUES 
Wood residue for particleboard production comes from lumber and plywood facilities. The wood residue 
are coproducts generated and represent a mix of green or dry chips, sawdust, shavings, or trim. Data for 
these residues was generated in previously published LCI reports as listed in Table 6.  

Wood residue attributes vary across the major production centers of the U.S and Canada. Residue from 
the U.S. include softwoods from the Southeast, Pacific Northwest, Northeast – North Central regions, 
and Inland Northwest and a small quantity of hardwoods from the Southeast and Midwest U.S. and 
Canada. Green residues represented 66% with the majority being chips and sawdust. Dry coproducts 
occurring after the primary wood product was dried represent 29% of the residue inputs. Other residues 
representing construction waste, recycled particleboard, unspecified wood represent 5% (Table 7).  

Table 6 Residue Source by Region and Representation used in North American Particleboard 
Production 

Particleboard Fiber Source Allocation Source of data 
Pacific Northwest 15% Milota 2020 and Puettmann et al. 2020 

Southeast 35% Milota 2020 and Puettmann et al 2020 
Northeast – North central/Canada 43% Puettmann 2020 

Inland Northwest 7% Puettmann 2020 
 100%  

 
Table 7 Representation of Residue Type 

Wood Residue Type Weighted Average Residue 
Distribution 

Whole Logs/Pulp Wood 16% 
Construction Waste <1% 

Green Chips 33% 
Green Sawdust 14% 
Green Shavings 4% 

Dry Chips <1% 
Dry Sawdust <1% 
Dry Shavings 27% 
Plywood Trim 2% 

Recycled particleboard 1% 
Unspecified 4% 

Total 100% 

https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-PNW-Lumber.pdf
https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-PNW-Plywood.pdf
https://corrim.org/wp-content/uploads/2020/06/CORIRM-AWC-SE-Lumber.pdf
https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-SE-Plywood.pdf
https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-NENC-Lumber.pdf
https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-Inland-NW-Lumber.pdf
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6.1.2 RESINS  
Facilities reported the use of the following resins: urea formaldehyde (UF), melamine urea formaldehyde 
(MUF), polymeric methylene diphenyl di-isocyanate (pMDI) and phenol formaldehyde (PF). UF resin 
represented the majority of the resin used by particleboard producers (78%). Other resins reported were 
MUF, pMDI, and PF which represented 7%, 5%, and 0.5%, respectively. Other additives (urea, catalyst, 
and wax) represent 10 percent of the total mass of resin inputs (50.80 kg). Production of resins was 
obtained from published LCA data (Athena 2022,Feraldi et al. 2011). Polymeric methylene diphenyl di-
isocyanate (pMDI) is listed on the US Environmental Agency (EPA) Toxics Release Inventory4. 

 

6.2 A2 - TRANSPORTATION  
The A2 module includes the transportation of resources and materials used in the production of 
particleboard. The distances are weighted averages based on production volume. Delivery of wood 
residues and materials to the mills is by truck, rail, barge, and pipeline. Table 8 lists average transport 
distances to particleboard facilities for wood residues and resins. Previous particleboard industry 
average for transportation of packaging (420 km) and auxiliary materials (414 km) was used for this LCA. 

Table 8 Average Delivery Distance (One-Way) for Materials to Particleboard Facilities 

Material delivered to mill Road Rail Water Pipeline 
 kilometers (km) 

Wood Residues 106 - - - 
UF 112 0.02 - 0.08 

MUF 137 - - - 
pMDI 215 4.90 1,560 0 

PF 113 - - - 
Urea 129 0.001 - 0.06 

Catalyst 176 - - - 
Wax 472 - - - 

 

6.3 A3 – PARTICLEBOARD MANUFACTURING  
The particleboard manufacturing process is a highly automated, process-controlled, and linear 
production process. The complete process is described in Table 9 and shown in Figure 5. 

6.3.1 PARTICLEBOARD PRODUCTION PROCESS 
Once the wood residues reach the mill, the manufacturing process begins with sorting the variety of 
residues by size and moisture content. Sorted residue is screened and refined to desired size and 
geometry. They are then dried to a desired moisture content and blended with an adhesive. The blended 
particles are formed into a mat where it is pressed to a target density. The final steps are sanding, 
trimming, and sawing pressed panels to size before packaging and shipping. Weighted average product 

 
4 US Environmental Protection Agency, Toxics Release Inventory.  http://www.epa.gov/toxics-release-inventory-tri-program/tri-listedchemicals.  
Accessed December 2020 and the Canadian National Pollutant Release Inventory (NPRI) National Pollutant Release Inventory - Canada.ca. 

http://www.epa.gov/toxics-release-inventory-tri-program/tri-listed-chemicals
http://www.epa.gov/toxics-release-inventory-tri-program/tri-listed-chemicals
http://www.epa.gov/toxics-release-inventory-tri-program/tri-listed-chemicals
http://www.epa.gov/toxics-release-inventory-tri-program/tri-listed-chemicals
https://www.canada.ca/en/services/environment/pollution-waste-management/national-pollutant-release-inventory.html


Short Title: LCA of LP Particleboard 

28  
  

moisture content is 5 percent (oven dry basis) at a density of 685.42 kg/m3. Detailed description of the 
production process is shown in Table 9. 

Table 9 One-Site Process Flow for the Production of Particleboard( adapted from Wilson 2010) 

Wood Residue Preparation: 
 

-Sort and Store 
 

-Screening 
 

-Refining 

The residue consists of shavings, sawdust, panel trim, fines, and chips of 
various moisture contents. The residue is sorted by geometry and moisture 
content (10-94% MC od basis).  
 
Particles are sorted according to the desired sized for use in face and core 
layers. Oversize particles going to refining and undersized particles referred 
to as fines can either be put into the board which is the most common 
practice, or sometimes used as fuel for dryers. 
 
After screening the particles are refined mechanically by reducing their 
geometry into uniform sizes. This process is usually accomplished with the 
use of refiners, hammermills and occasionally flakers and hogs. Particulate 
emissions are addressed by baghouses and cyclones. 

Drying 

The particles are sent through rotary dryers using either a single pass or 
triple pass configuration. The particles enter the dryers at 10-94% MC 10-
94% od basis and are dried to a targeted 3-5% MC od basis depending on 
whether the particles will be used for face or core layers. Energy for dryers 
comes from natural gas or wood biomass (purchased or self-generated). 
 
As wood dries at elevated temperatures in the dryers, particulates, and air 
emissions of volatile organic compounds (VOCs) are released. Emissions 
from dryers go to cyclones and control devices such as regenerative thermal 
oxidizers (RTOs), catalytic regenerative oxidizers (RCOs), and biofilters. 

Blending This process distributes the resin, wax, and catalyst onto the particles in the 
form of discrete droplets.  

Forming 
The blended fibers are distributed into a flat mat in multiple layers of three 
or five consisting of face and core layers. The size of particles, their moisture 
and resin content are controlled for the face and core layers to obtain desire 
panel properties. 

Hot pressing 

The physical properties of the panel are controlled during pressing. The 
formed mats are conveyed into large stack presses with multiple openings, 
Presses operate at sufficient temperature 340°F (170°C) and duration to 
cure the resin, and sufficient pressure of approximately 750 psi (5.17 MPa) 
to consolidate the mat to a desired density of 37 to 50 lb/ft3 (593- 801 
kg/m3). As a result of the elevated temperature and resin curing, 
particulates and air emissions of VOCs, HAPs, and other resin related 
emissions are generated. Emissions, if treated, go to control devices such as 
RTOs, RCOs, and biofilters 

Cooling 
The hot panels are placed on a cooling wheel to enable the temperature of 
the panels to drop below a value where resin will start to break down with 
time and emit formaldehyde gas. Limited amounts of air emissions occur at 
this point. 

Sanding & Sawing 

The panels are sanded on both major surfaces to targeted thickness and 
smoothness. Sander dust coming off this process can either be put back into 
residue prior to the blending process or used as fuel for the dryers.  
 
Sanded, conditioned panels are sawn to their final dimensions during this 
step in the manufacturing. Typical dimensions are panel widths of 4 or 5 feet 
and lengths of 8 or 9 feet and sometimes longer lengths. Panel trim is 
hammermilled into particles and sent back into the process prior to the 
former.  

Packaging The panels are then stacked, packaged, and prepared for shipping. 

https://corrim.org/wp-content/uploads/2017/12/WFS_SI_LCI_Particleboard-Resources_Emissions_Energy_Carbon.pdf
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Figure 4 Gate to Gate System Boundary for Particleboard Production 

6.3.2 ENERGY USE AND GENERATION 
Energy for production of particleboard comes from both renewable and non-renewable sources. 
Reported energy and fuel use is from electricity, wood fuel, and natural gas. Other fuels such as diesel, 
propane, and gasoline are used to operate transport equipment within the mill. The electricity is used to 
operate equipment within the plant, including conveyors, refiners, fan motors, hydraulic press motors, 
sanders, and emission control systems. Electricity is used throughout the process and represents several 
grids in North America (Table 11). Natural gas and wood fuel is used for heat energy directed at dryers 
and presses. 

Emission control devices such as baghouses, multi cyclones, electrostatic precipitators, scrubbers, 
biofilters, and catalytic gas treatments, can be used throughout the mill. The emission control devices 
are used to reduce particulate and chemical emissions with a trade-off in that there is a large quantity of 
natural gas and electricity used to operate these ECD devices. 

The gate-to-gate process inputs for particleboard production are listed in Table 11. All inputs and outputs 
are based on weighted average survey data from participating facilities. Values are references to 1 m3 of 
finished particleboard. Data in Table 11 does not include upstream inputs for forestry operations, 
residue production, and resin production.  
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6.4 A4 - TRANSPORTATION  
The A4 module includes transportation of the final product to customers or distribution center/resale 
center) (Table 10). Particleboard was transported mostly by road (78%) and 22 percent by rail. 
Particleboard is shipped throughout the United States and Canada (Table 10) to secondary manufactures 
(e.g., laminators)(13%), retail (1%), distribution centers (35%), or direct to customers (52%) (CPA 2021). 

Table 10 Gate to Gate Manufacturing Process Data Collected in Survey’s Converted to 1 m3 

Particleboard 

Shipping Region  A4 Shipping 
Representation 

Northeast 5.7% 
Midwest 27.5% 

South 26.8% 
West 17.7% 

Canada - East 16.6% 
Canada – West1/ 

~ 5.70% 
Export1/ 

1/ Actual data suppressed to avoid disclosure of source (CPA 2021) 

 

6.5 LCI INPUTS (GATE-TO-GATE)  
Table 11 summarizes the gate-to-gate LCI flows associated with particleboard production. These flows 
were linked to upstream processes which would include forestry operations, harvesting, residue 
production, resin, fuel, energy, chemical, ancillary, and packaging materials, and all material 
transportation profiles to calculate a complete cradle-to-gate (A1-A3). 
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Table 11 Gate to Gate Manufacturing Process Data Collected from North American Facilities and 
Weighted Average Based Production and Scaled to 1 m3 Particleboard 

 Unit per m3 Value 
Products and Co-products   
Particleboard m3 1 
A1-Extraction:  Wood Residues & Resins   

Whole logs od kg  99.41  
Construction waste od kg  0.84  
Green Chips od kg  209.26  
Green Sawdust od kg  87.91  
Green Shavings od kg  24.45  
Dry Chips od kg  0.03  
Dry Sawdust od kg  0.99  
Dry Shavings od kg  169.98  
Plywood Trim od kg  11.55  
Recycled particleboard od kg  9.35  
Other wood inputs od kg  24.68  
UF kg solids  39.73  
MUF kg solids  3.48  
PMDI Resin kg solids 2.31  
PF kg solids  0.24  
Urea kg solids 2.24  
Ammonium Sulfate (catalyst) kg solids 0.75  
Other Catalyst kg solids 0.14  
Wax kg solids 1.90  
Other Hot Melt Adhesive kg solids   0.03  
Other Isocyanate kg solids  0.12  
A2-Transportation   

Transport, truck, Wood Inputs tkm 89.47 
Transport, truck, Resins tkm 12.77 
Transport, pipeline, Resins tkm 0.007 
Transport, water, Resins tkm 28.58 
Transport, rail, Resins   
Transport, truck, Ancillary tkm 0.01 
Transport, truck, Packaging tkm 0.03 
A3-Production   

Electricity/Heat   
MRO kWh 24.39 
SERC kWh 42.61 
TRE kWh 8.15 
WECC kWh 32.07 
CA-ON kWh 5.07 
CA-QC kWh 32.01 
Natural gas m3 35.86 
Diesel L 0.4838 
Gasoline L 0.0056 
Propane L 0.6981 
Wood fuel, self-generated1/ kg 25.27 
Wood fuel, purchased kg 10.05 

Materials   
Lubricants and oils L 0.11 
Oils and Greases kg 0.04 
Release Agent kg 0.13 
Antifreeze kg 0.004 
Packaging Materials kg 5.49 
Waste to Landfill  13.49 
Waste to Incineration  3.15 
Waste to Recycling  6.11 

Water   
Water, process, well L 223.67 
Water, process, unspecified L 87.28 
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 Unit per m3 Value 
Process specific emissions only2/   

Emissions to air   
Particulates kg 3.37E-01 
Nitrogen Oxides kg 6.10E-01 
Sulfur Oxides kg 7.07E-03 
Carbon Monoxide kg 3.81E-01 
Aldehydes kg 9.90E-04 
VOCs kg 3.28E-01 
Acetaldehyde kg 1.03E-03 
Acrolein kg 1.02E-03 
Formaldehyde kg 5.12E-02 
Methanol kg 1.20E-01 
Phenol kg 1.77E-03 
HAPS (other) kg 3.12E-03 
Ammonia kg 2.88E-03 
Hydrogen Fluoride kg 9.60E-07 
Lead kg 1.56E-03 
Mercury kg 5.90E-07 
Chlorine kg 1.06E-04 
PM 2.5 kg 1.70E-02 
PM10 kg 3.02E-02 
Benzene kg 1.39E-04 
hexane kg 7.92E-05 
VOC w/ TAP kg 2.52E-02 

Emissions to water   
Fluorides kg 1.18E-04 
Dissolved Solids kg 1.92E-01 
BOD kg 9.10E-03 
COD kg 3.26E-02 
Oil  kg 2.56E-03 
Suspended Solids kg 1.24E-02 
Cyanide kg 2.40E-06 
Chromium kg 6.69E-07 
Aluminum kg 4.21E-05 
Nickel kg 4.68E-07 
Lead kg 6.69E-08 
Zinc kg 9.36E-06 
Ammonia kg 9.36E-05 
A4 Transport to Use    
Transport, truck, (Product) tkm 660 
Transport, freight, rail, (Product) tkm 1,599 

1/ Emissions to this process come from the CORRIM Wood Boiler, Puettmann and Milota 2017 and are not included here. 
2/ No fuel combustion emissions included  (e.g., natural gas, propane, gasoline, diesel, wood fuel) 
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6.6 SECONDARY DATA SOURCES 
Secondary data is necessary for creating the full cradle-to-gate. Tables 12, 13, 14, and 15 list the 
secondary LCI data sources, geographical origin, age, and quality of the data used in this cradle to grave 
LCA study. 

Table 12 Raw Material Supply Processes. 

A1: Raw Material Inputs 

Inputs LCI Data Source Geography Year Data Quality Assessment 

Logs and Wood 
Residues 

Database: CORRIM Athena data 
Processes: Softwood Lumber 
Production (PNW, SE, NENC, 
Inland Northwest) 
Softwood Plywood Production 
(PNW, SE) www.CORRIM.org 

Canada & 
US PNW, 
SE, Inland 
NW, NENC 

2020 

− Technology: Good 
Process models product specific technology. 

− Time: Fair, updated in the last 2 years 
− Geography: Good, Data specific to product 

UF, MUF, PF 
resins 

Database: Athena 
Processes: Wood Resins 2021 

United 
States 2021 

− Technology: Good 
Process models product specific technology. 

− Time: Fair, updated in the last 2 years 
− Geography: Good, Data specific to product 

Resin, pMDI 
Database: Franklin 
Process: Methylene diphenyl 
diisocyanate 

North 
America 2020 

− Technology: Good, process models average 
North American technology  

− Time: Good, Data input processes current 
− Geography: Good 

Wax Database: CORRIM data 
Process: Slack Wax AWC 

North 
America 2012 

− Technology: Good 
− Time: Good. Data are less than 10 years old 
− Geography Good 

  

Table 13 Transportation Processes. 

A2: Raw Material Transportation 
A4: Product Transportation 
 
Inputs LCI Data Source Geography Year Data Quality Assessment 

Trucking 

Database: Datasmart v. 2021.0 
Process: 
Transport, combination truck, 
Diesel powered NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old Data is 
less than 2 years old  

− Geography: good 

Rail 
Database: Datasmart v. 2021.0 
Process: Transport, freight, rail, 
diesel/US US-EI U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old Data is 
less than 5 years old  

− Geography: good 

Water  

Database: Datasmart v. 2021.0 
Process: Transport, ocean 
freighter, average fuel mix 
NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old Data is 
less than 5 years old  

− Geography: good 

Pipeline 

Database: Datasmart v. 2021.0 
Process: Transport, pipeline, 
unspecified petroleum products 
NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old Data is 
less than 5 years old  

− Geography: good 
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Table 14 Manufacturing Processes 

A3: Manufacturing 

Inputs LCI Data Source Geography Year Data Quality Assessment 

Electricity 

Database: Ecoinvent 3.9.1 
Processes: 
Electricity, at Grid, MRO, 2008 
NREL/RNA U 
Electricity, at Grid, SERC, 2008 
NREL/RNA U 
Electricity, at Grid, TRE, 2008 
NREL/RNA U 
Electricity, at Grid, WECC, 2008 
NREL/RNA U 
Electricity, low voltage {CA-ON}| 
market for electricity, low voltage | 
Cut-off, U 
Electricity, low voltage {CA-QC}| 
market for electricity, low voltage | 
Cut-off, U 

North 
America 2022 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  
Geography: Good 

Natural gas 
Database: Datasmart v. 2021.0 
Process: Natural gas, combusted in 
industrial boiler NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 

Gasoline 

Database: Datasmart v. 20201.0 
Process:  
Gasoline, combusted in equipment 
NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 

Diesel 

Database: Datasmart v. 2021.0 
Process:  
Diesel, combusted in industrial 
equipment NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 

Wood Fuel 

Database: CORRIM Wood Boiler 
Process:  
Wood Combusted, at boiler, at mill, 
kg 
Wood fuel, unspecified NREL/RNA U 

North 
America 2020/2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 

Hydraulic 
Fluid 
and 
Lubricants 

Database: Datasmart v. 2021.0 
Process:  
Lubricating oil, at plant/US- US-EI U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 5 years old  

− Geography: Good 

Antifreeze 

Database: Datasmart v. 2021.0 
Process:  
ethylene glycol, at plant/US - US-EI 
U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 

Greases and 
oils 

Database: Datasmart v. 2021.0 
Process: 
Proxy Oil and grease, at plant 
NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old 
Data is less than 2 years old  

− Geography: Good 
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Table 15 Disposal Processes 

C4: Disposal 

Inputs LCI Data Source Geography Year Data Quality Assessment 

Diesel 

Database: Datasmart v. 2021.0 
Process:  
Diesel, combusted in industrial 
equipment NREL/US U 

North 
America 2021 

− Technology: Good, process models average 
North American technology 

− Time: Good, Data is less than 2 years old Data 
is less than 2 years old  

− Geography: Good 

Waste 
Landfilling, 
Incineration, 
Reuse 

Database: EPA WARM model; CORRIM 
datasets 

United 
States 2021 

− Technology: very good 
Process models average global technology 

− Time: good 
Data is less than five years old 

− Geography: very good 
Data is representative of global processes. 
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7 LIFE CYCLE IMPACT ASSESSMENT RESULTS 
7.1 A1-A3 - CRADLE-TO-GATE  
This section discusses the cradle-to-gate results for the declared unit, one cubic meter of particleboard 
The TRACI, CML, and CED LCIA methods (Table 2) were used to characterize the flows to and from the 
environment. Allocation of environmental burdens to siding and its co-products is done according to 
mass allocation principles (ISO 2006 a, b). The cradle-to-gate (A1-A3) LCIA results for particleboard are 
presented for one cubic meter on an absolute basis (Table 16) and Table 17 on a relative basis. Total 
GWPTRACI is 316 kg CO2eq/m3 (Table 16). It takes about 8,105 MJ of energy to manufacture and transport 
one cubic meter of particleboard (cradle to gate).   

In module A1, GWPTRACI is 133 kg CO2eq/m3 compared to A3 of 172 kg CO2e/m3. Over half (60%) of the A1 
GWP impact is from resin production (Figure 6). The production of particleboard (A3) and resource 
extraction (A1) contributed the most to the overall cradle-to-gate results (Table 16). Most of the cradle 
to gate renewable fuel (67%) was consumed in A3 (Table 17 and Figure 7). A3 production total energy 
consumption was 4,277 MJ/m3 (Table 16). Energy consumption is comparable to other wood composite 
panels produced in North America (Table 24). 

 

Figure 5 A1 LCIA Results for Wood Residue and Resin Production in Particleboard Production  

The contribution impact of transportation of resource materials (A2) accounts for 4 percent or less of the 
impact in all impact categories (Table 16 and Figure 7). For a breakdown of resins by TRACI impact 
categories see Section 15. 
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Table 16 Cradle-to-gate LCIA Results for1 m3 of Particleboard, Absolute Basis 

Core Mandatory Impact Indicator Indicator Unit A1-A3 A1 A2 A3 
Global warming potential – Total GWPTOTAL kg CO2eq  315.81   (1,055.92)  10.40   1,361.33  
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq  (0.00)  (1,188.92)  -     1,188.92  
Global warming potential - Fossil GWPFOSSIL kg CO2eq  315.81   133.00   10.40   172.41  
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 1.57E-05 1.53E-05 4.90E-08 2.69E-07 
Acidification potential of soil and water sources AP kg SO2eq  2.62   0.77   0.07   1.78  
Eutrophication potential EP kg Neq  0.25   0.18   0.00   0.07  
Formation potential of tropospheric ozone SFP kg O3eq  44.29   17.62   1.92   24.75  
Abiotic depletion potential (ADPFOSSIL) for fossil resources ADPf MJ, NCV  5,344.65   2,667.52   130.34   2,546.80  
Fossil fuel depletion FFD MJ Surplus  721.17   405.61   19.58   295.98  
Use of Primary Resources        
Renewable primary energy used as energy RPRE MJ, NCV  2,467.67   811.41   0.28   1,655.98  
Renewable primary energy used as material RPRM MJ, NCV 13,343.68   13,343.68   -     -    
Non-renewable primary energy used as energy NRPRE MJ, NCV  5,637.57   2,884.51   132.21   2,620.86  
Non-renewable primary energy used as material NRPRM MJ, NCV  1,813.61   1,813.61   -     -    
Secondary Material, Secondary Fuel and Recovered 
Energy       

Secondary material SM kg 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters       
Consumption of freshwater resources FW m3 1.04  0.57   0.00   0.47  
Indicators Describing Waste       
Hazardous waste disposed HWD kg 0.00 2.87E-03 0.00E+00 1.65E-04 
Non-hazardous waste disposed NHWD kg 22.74 0.00 0.00 22.74 
High-level radioactive waste, conditioned, to final 
repository HLRW m3 4.34E-07 2.12E-07 9.52E-10 2.21E-07 

Intermediate- and low-level radioactive waste, 
conditioned, to final repository ILLRW m3 2.19E-06 1.76E-06 8.23E-09 4.21E-07 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 
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Table 17 Cradle-to-Gate LCIA Results for 1 m3 of Particleboard, Relative basis 

Core Mandatory Impact Indicator Indicator Unit A1-A3 A1 A2 A3 

Global warming potential - Fossil GWPFOSSIL kg CO2eq 100% 42% 3% 55% 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 100% 98% 0% 2% 
Acidification potential of soil and water sources AP kg SO2eq 100% 30% 3% 68% 
Eutrophication potential EP kg Neq 100% 70% 2% 28% 
Formation potential of tropospheric ozone SFP kg O3eq 100% 40% 4% 56% 
Abiotic depletion potential (ADPFOSSIL) for fossil 
resources ADPf MJ, NCV 100% 50% 2% 48% 

Fossil fuel depletion FFD MJ Surplus 100% 56% 3% 41% 
Use of Primary Resources       
Renewable primary energy used as energy RPRE MJ, NCV 100% 33% 0% 67% 
Renewable primary energy used as material RPRM MJ, NCV 100% 100% 0% 0% 
Non-renewable primary energy used as energy NRPRE MJ, NCV 100% 51% 2% 46% 
Non-renewable primary energy used as material NRPRM MJ, NCV 100% 100% 0% 0% 
Secondary Material, Secondary Fuel and 
Recovered Energy       

Consumption of freshwater resources FW m3 100% 95% 0.00% 5% 
Indicators Describing Waste    0% 0.00% 100% 
Hazardous waste disposed HWD kg 100% 49% 0.22% 51% 
Non-hazardous waste disposed NHWD kg 100% 80.35% 0.38% 19.28% 
High-level radioactive waste, conditioned, to final 
repository HLRW m3 100% 95% 0.00% 5% 

Intermediate- and low-level radioactive waste, 
conditioned, to final repository ILLRW m3 100% 0% 0.00% 100% 

 

 
Figure 6 Cradle-To-Gate LCIA Results for the Production Particleboard– Relative Basis. 

GWP Global warming potential 
ODP Depletion potential of the stratospheric ozone layer 
AP Acidification potential of soil and water sources 
EP Eutrophication potential 
SFP Formation potential of tropospheric ozone 
ADPf Abiotic depletion potential (ADP fossil) for fossil resource 
FFD Fossil fuel depletion 
RPRE         Renewable primary energy carrier used as energy 

RPRM Renewable primary energy carrier used as material 
NRPE Non-renewable primary energy carrier used as energy 
NRPRM Renewable primary energy carrier used as material 
FW Consumption of freshwater resources 
HWD Hazardous waste disposed 
NHWD Non-hazardous waste disposed 
HLRW High-level radioactive waste, conditioned, to final repository 
ILLRW Intermediate- and low-level radioactive waste, conditioned, to 
final repository 
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7.2 A4 -PRODUCT TRANSPORTATION & A5 – INSTALLATION 
The product system includes actual product shipping distance to either customer or 
distribution/reload centers for both road and rail transportation modes (see Section 5.4). The 
installation module A5 covers installation of the construction product into any type of constructions 
and includes waste of construction product, waste from packaging material, energy for construction, 
and waste management at the site. For this LCA, Module A5 was calculated using the ACLCA ISO 
21930 Guidance using the following calculations. The reference service life for the product is 75 
years which is the default specified by the UL Part B PCR (UL 2020). Total nonrenewable energy use 
for A5 is conservatively estimated at 344 MJ/m3 of particleboard (Tables 18-21).  

Module A5 includes: 

− 5% Burden of A1-A4, 
− Plus, the packaging waste disposal at A5 

 
 

7.3 C2 TO C4 EOL SCENARIOS 
This product system includes the end-of-life (EoL) modules C1-C4. For the purpose of this LCA, C1 and C3 
are null. For EoL processing, we applied the weighted average of the typical waste treatment in the 
United States for durable wood products: 82% landfill and 18% incineration (EPA 2019). As per the PCR, 
the results for each of the individual options are also separately reported, as required by ISO 21930 
Section 7.1.7.  
 
After the product is removed from service there are several possible outcomes for the fate of the wood 
product. The product can be disposed via landfill, incinerated, or reused/recycled (which may or may not 
require reprocessing).The results presented include a 100 percent landfill scenario (Table 18) a 100 
percent incineration scenario (Table 19), and the possibility of 100 percent recycle/reuse (Table 20). An 
average of the three EoL treatments based on disposal rates from the EPA (EPA 2019) (82 percent landfill 
and 18 percent incineration) is also shown (Table 21). According to Table 4 in the EPA document, the 
recycling rate of wood products is negligible and therefore is not part of the average. We did include a 
recycle/reuse waste scenario for a “hypothetical comparison” that reused the product in the same 
application. For C2 Transportation, we used waste transport distances to a landfill, or a recovery facility 
reported in facility surveys. The C4 Disposal is assumed to be to a municipal landfill in the landfilling 
scenario, and to a recovery facility in the incineration scenario. C4 includes all fossil emissions generated 
at each of these facilities during disposal. 
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Assumptions for C2 & C4: 

− C2 Transportation: 34, 80, and 116 km, for hauling to landfill, incineration, reuse, 
respectively. The oven dry mass of the primary product was used. 

− C4 Disposal: municipal landfill 
−  

7.4 OPTIONAL MODULE D 
Module D provides optional supplementary information about the potential net benefits from reuse, 
recycling, and energy recovery beyond the system boundary of the studied product system. In this case, 
we examined two scenarios that result in valuable product outputs that have potential displacement 
effects (Tables 19-21). These are incineration with energy recovery that substitutes for fossil fuel use, 
and recovery/reuse that avoids the manufacture of new particleboard panels for the same use. Per ISO 
21930 Section 7.1.7.6, the net output flow for all products for reuse, secondary materials, secondary 
fuels and/or recovered energy leaving a product system is calculated by adding all output flows of the 
secondary material or fuel or recovered energy and subtracting any input flows of this secondary 
material or fuel or recovered energy from each information module (A1 to A5, B1 to B7, C1 to C4) thus 
arriving at the net output flow of secondary material or fuel or re-covered energy from the product 
system (See Text Box). 

Incineration with energy recovery causes the potential displacement of fossil fuels with an equivalent 
heat content. In North America, natural gas is the predominant fossil fuel used for the generation of heat 
and can generally be considered to cause lower environmental impacts than coal or heating oil. It follows 
that the assumption of natural gas as the displaced fuel is a conservative assumption because the 
substitution effect is lower than it would be if one were to consider coal or fuel oil as the displaced fuel. 

Incineration with energy recovery causes the potential displacement of fossil fuels with an equivalent heat 
content. To estimate the natural gas displacement, we first calculated the potential fuel heating value of 
particleboard on a lower heating value (LHV) of 20.9 MJ/ oven dry kg and 35.7 MJ/kg for resin, which 
equates to 14,615 MJ/m3. The energy equivalent amount of natural gas was calculated based on a lower 
heating value of 36.6 MJ/m3. 

Although wood recycling rates are minimal in the United States, the reuse substitution shows the 
potential carbon benefit of this scenario by displacing the A1-A3 impacts of a new product.  

 

 

  

Example Energy Substitution for Particleboard 

Wood Panel energy content = (20.9 MJ/kg x 613 kg/m3) + (35.7 MJ/kg x 50.8 kg/m3) = 14,615 MJ/m3 

Substitution with Natural gas = 14,615 𝑀𝑀𝑀𝑀/𝑚𝑚3

36.6𝑀𝑀𝑀𝑀
𝑚𝑚3

= 399.31 𝑚𝑚3/𝑚𝑚3 

Displacing 399 cubic meters of natural gas for every cubic meter of particleboard combusted for energy 
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Table 18 LCIA Results Summary for 1 m3 Particleboard - Landfill End-of-Life Treatment, Cradle-to-Grave Scope 

Core Mandatory Impact Indicator Indicator Unit A1-C4 A1-A3 A4 A5 B1-B7 C1 C2 C3 C4 D 
Global warming potential – Total GWPTOTAL kg CO2eq -347.72 -807.12 98.39 20.71 0.00 0.00 3.40 0.00 336.91 0.00 
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq -792.49 -1,122.90 0.00 0.00 0.00 0.00 0.00 0.00 330.41 0.00 
Global warming potential - Fossil GWPFOSSIL kg CO2eq 444.78 315.78 98.39 20.71 0.00 0.00 3.40 0.00 6.50 0.00 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 1.76E-05 1.57E-05 1.64E-07 7.91E-07 0.00E+00 0.00E+00 1.44E-10 0.00E+00 9.89E-07 0.00E+00 
Acidification potential of soil and water sources AP kg SO2eq 3.82 2.62 0.96 0.18 0.00 0.00 0.04 0.00 0.02 0.00 
Eutrophication potential EP kg Neq 0.35 0.25 0.07 0.02 0.00 0.00 0.00 0.00 0.01 0.00 
Formation potential of tropospheric ozone SFP kg O3eq 79.85 44.26 30.33 3.73 0.00 0.00 1.01 0.00 0.53 0.00 
Abiotic depletion potential (ADPFOSSIL) for fossil 
resources ADPf MJ, NCV 8,390.23 5,344.65 2,667.52 130.34 0.00 0.00 24.69 0.00 223.04 0.00 

Fossil fuel depletion FFD MJ Surplus 1,181.12 721.05 405.60 19.58 0.00 0.00 3.71 0.00 31.17 0.00 
Use of Primary Resources     

 
     

 
 

  

Renewable primary energy used as energy RPRE MJ, NCV 2,595.97 2,467.67 2.66 123.52 0.00 0.00 0.00 0.00 2.12 0.00 
Renewable primary energy used as material RPRM MJ, NCV 13,343.68 13,343.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable primary energy used as energy NRPRE MJ, NCV 7,359.53 5,637.57 1,250.25 344.39 0.00 0.00 51.75 0.00 75.56 0.00 
Non-renewable primary energy used as material NRPRM MJ, NCV 1,813.61 1,813.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Secondary Material, Secondary Fuel and Recovered Energy             
Secondary material SM kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters     

 
     

 
 

  

Consumption of freshwater resources FW m3 1.69 1.04 0.57 0.00 0.00 0.00 0.00 0.00 0.08 0.00 
Indicators Describing Waste     

 
     

 
 

  

Hazardous waste disposed HWD kg 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-hazardous waste disposed NHWD kg 635.23 22.74 0.00 0.00 0.00 0.00 0.00 0.00 612.49 0.00 
High-level radioactive waste, conditioned, to final 
repository HLRW m3 6.48E-07 4.34E-07 2.12E-07 9.52E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E-09 0.00E+00 

Intermediate- and low-level radioactive waste, 
conditioned, to final repository ILLRW m3 4.12E-06 2.19E-06 1.76E-06 8.23E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.67E-07 0.00E+00 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

A1 – Resource extraction. Included in this module for this report: forestry operations and resin production; A2 – Transport of Raw Materials to production facilities; A3 – Manufacturing of product  
A4 – Transportation of product to use or distribution center 
A5 – Construction site fuel consumption 
B1-B7 – Use, assumed null for this LCA 
C1 – Deconstruction/Demolishing, assumed null for this LCA 
C2 – Transportation to product after use, e.g., landfill, incineration, reuse 
C3 – Waste processing, assumed null for this LCA 
C4 – Impacts for disposal scenarios, e.g., landfill and incineration emissions  
D –  Substitution benefit 
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Table 19 LCIA Results Summary for 1 m3 Particleboard - Incineration End-of-Life Treatment, Cradle-to-Grave Scope 

Core Mandatory Impact Indicator Indicator Unit A1-C4 A1-A3 A4 A5 B1-B7 C1 C2 C3 C4 D 
Global warming potential – Total GWPTOTAL kg CO2eq  486.33  -807.12  98.39   20.71  0.00 0.00 8.01 0.00 1,166.36 -969.85 
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq  (0.00) -1122.90  -     -    0.00 0.00 0.00 0.00 1,122.90 0.00 
Global warming potential - Fossil GWPFOSSIL kg CO2eq  486.34  315.78  98.39   20.71  0.00 0.00 8.01 0.00 43.45 -969.85 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq  0.00   0.00   0.00   0.00  0.00 0.00 0.00 0.00 0.00 0.00 
Acidification potential of soil and water sources AP kg SO2eq  4.76   2.62   0.96   0.18  0.00 0.00 0.09 0.00 0.91 -0.23 
Eutrophication potential EP kg Neq  0.38   0.25   0.07   0.02  0.00 0.00 0.01 0.00 0.04 0.00 
Formation potential of tropospheric ozone SFP kg O3eq  102.00   44.26   30.33   3.73  0.00 0.00 2.37 0.00 21.32 -0.59 
Abiotic depletion potential (ADPFOSSIL) for fossil resources ADPf MJ, NCV  8,200.60   5,344.65  2,667.52   130.34  0.00 0.00 58.09 0.00 0.00 -14,117.86 
Fossil fuel depletion FFD MJ Surplus  1,154.96   721.05   405.60   19.58  0.00 0.00 8.72 0.00 0.00 -2,342.69 
Use of Primary Resources     

 
     

 
 

  

Renewable primary energy used as energy RPRE MJ, NCV  14,863.02   2,467.67  2.66 123.52 0.00 0.00 0.00 0.00  
12,269.18  

0.00 

Renewable primary energy used as material RPRM MJ, NCV  13,343.68   13,343.68  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable primary energy used as energy NRPRE MJ, NCV  8,002.31   5,637.57  1250.25 344.39 0.00 0.00  121.78  0.00  648.32  -481.95 
Non-renewable primary energy used as material NRPRM MJ, NCV  1,813.61   1,813.61  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Secondary Material, Secondary Fuel and Recovered 
Energy             

Secondary material SM kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters     

 
     

 
 

  

Consumption of freshwater resources FW m3 1.90 1.04 0.57 0.00 0.00 0.00 0.00 0.00 0.29 0.00 
Indicators Describing Waste     

 
     

 
 

  

Hazardous waste disposed HWD kg 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-hazardous waste disposed NHWD kg 22.74 22.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
High-level radioactive waste, conditioned, to final 
repository HLRW m3 6.47E-07 4.34E-07 2.12E-07 9.52E-10 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Intermediate- and low-level radioactive waste, 
conditioned, to final repository ILLRW m3 3.95E-06 2.19E-06 1.76E-06 8.23E-09 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

A1 – Resource extraction. Included in this module for this report: forestry operations and resin production; A2 – Transport of Raw Materials to production facilities; A3 – Manufacturing of product 
A4 – Transportation of product to use or distribution center 
A5 – Construction site fuel consumption 
B1-B7 – Use, assumed null for this LCA 
C1 – Deconstruction/Demolishing, assumed null for this LCA 
C2 – Transportation to product after use, e.g., landfill, incineration, reuse 
C3 – Waste processing, assumed null for this LCA 
C4 – Impacts for disposal scenarios, e.g., landfill and incineration emissions  
D –  Substitution benefit 
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Table 20 LCIA Results Summary for 1 m3 Particleboard - Reuse End-of-Life Treatment, Cradle-to-Grave Scope 

Core Mandatory Impact Indicator Indicator Unit A1-C4 A1-A3 A4 A5 B1-B7 C1 C2 C3 C4 D 
Global warming potential – Total GWPTOTAL kg CO2eq 446.48 -807.12 98.39 20.71 0.00 0.00 11.61 0.00  1,122.90  -315.78 
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq 0.00 -1122.90 0.00 0.00 0.00 0.00 0.00 0.00  1,122.90  0.00 
Global warming potential - Fossil GWPFOSSIL kg CO2eq 446.48 315.78 98.39 20.71 0.00 0.00 11.61 0.00 0.00 -315.78 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 1.66E-05 1.57E-05 0.00 0.00 0.00 0.00 4.90E-10 0.00 0.00E+00 -1.57E-05 
Acidification potential of soil and water sources AP kg SO2eq 3.89 2.62 0.96 0.18 0.00 0.00 0.14 0.00 0.00 -2.62 
Eutrophication potential EP kg Neq 0.34 0.25 0.07 0.02 0.00 0.00 0.01 0.00 0.00 -0.25 
Formation potential of tropospheric ozone SFP kg O3eq 81.75 44.26 30.33 3.73 0.00 0.00 3.43 0.00 0.00 -44.26 
Abiotic depletion potential (ADPFOSSIL) for fossil resources ADPf MJ, NCV 8,226.74 5,344.65 2667.52 130.34 0.00 0.00 84.23 0.00 0.00 -5,344.65 
Fossil fuel depletion FFD MJ Surplus 1,158.89 721.05 405.60 19.58 0.00 0.00 12.65 0.00 0.00 -721.05 
Use of Primary Resources     

 
     

 
 

  

Renewable primary energy used as energy RPRE MJ, NCV 2,593.85 2,467.67 2.66 123.52 0.00 0.00 0.00 0.00 0.00 -2,467.67 
Renewable primary energy used as material RPRM MJ, NCV 13,343.68 13,343.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -13,343.68 
Non-renewable primary energy used as energy NRPRE MJ, NCV 7,408.79 5,637.57 1250.25 344.39 0.00 0.00 176.57 0.00 0.00 -5,637.57 
Non-renewable primary energy used as material NRPRM MJ, NCV 1,813.61 1,813.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1,813.61 
Secondary Material, Secondary Fuel and Recovered Energy             
Secondary material SM kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters     

 
     

 
 

  

Consumption of freshwater resources FW m3 1.61 1.04 0.57 0.00 0.00 0.00 0.00 0.00 0.00 -1.04 
Indicators Describing Waste     

 
     

 
 

  

Hazardous waste disposed HWD kg 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-hazardous waste disposed NHWD kg 22.74 22.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -22.74 
High-level radioactive waste, conditioned, to final repository HLRW m3 6.47E-07 4.34E-07 2.12E-07 9.52E-10 0.00 0.00 0.00 0.00 0.00E+00 -4.34E-07 
Intermediate- and low-level radioactive waste, conditioned, 
to final repository ILLRW m3 3.95E-06 2.19E-06 1.76E-06 8.23E-09 0.00 0.00 0.00 0.00 0.00E+00 -2.19E-06 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

A1 – Resource extraction. Included in this module for this report: forestry operations and resin production; A2 – Transport of Raw Materials to production facilities; A3 – Manufacturing of product 
A4 – Transportation of product to use or distribution center 
A5 – Construction site fuel consumption 
B1-B7 – Use, assumed null for this LCA 
C1 – Deconstruction/Demolishing, assumed null for this LCA 
C2 – Transportation to product after use, e.g., landfill, incineration, reuse 
C3 – Waste processing, assumed null for this LCA 
C4 – Impacts for disposal scenarios, e.g., landfill and incineration emissions  
D –  Substitution benefit 
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Table 21 LCIA results summary for 1 m3 Particleboard - Average End-of-Life Treatment, Cradle-to-Grave Scope 

Core Mandatory Impact Indicator Indicator Unit A1-C4 A1-A3 A4 A5 B1-B7 C1 C2 C3 C4 D 
Global warming potential – Total GWPTOTAL kg CO2eq -195.92 -807.12 98.39 20.71 0.00 0.00 4.24 0.00 487.87 -176.51 
Global warming potential - Biogenic GWPBIOGENIC kg CO2eq -648.26 -1,122.90 0.00 0.00 0.00 0.00 0.00 0.00 474.65 0.00 
Global warming potential - Fossil GWPFOSSIL kg CO2eq 452.34 315.78 98.39 20.71 0.00 0.00 4.24 0.00 13.22 -176.51 
Depletion potential of the stratospheric ozone layer ODP kg CFC11eq 1.74E-05 1.57E-05 1.64E-07 7.91E-07 0.00E+00 0.00E+00 1.79E-10 0.00E+00 8.09E-07 -3.99E-12 
Acidification potential of soil and water sources AP kg SO2eq 3.99 2.62 0.96 0.18 0.00 0.00 0.05 0.00 0.18 -0.04 
Eutrophication potential EP kg Neq 0.35 0.25 0.07 0.02 0.00 0.00 0.00 0.00 0.01 0.00 
Formation potential of tropospheric ozone SFP kg O3eq 83.89 44.26 30.33 3.73 0.00 0.00 1.25 0.00 4.31 -0.11 
Abiotic depletion potential (ADPFOSSIL) for fossil resources ADPf MJ, NCV 8,355.72 5,344.65 1,232.33 328.85 0.00 0.00 30.77 0.00 182.44 -2,569.45 
Fossil fuel depletion FFD MJ Surplus 1,176.36 721.05 185.10 45.31 0.00 0.00 4.62 0.00 25.50 -426.37 
Use of Primary Resources     

 
     

 
 

  

Renewable primary energy used as energy RPRE MJ, NCV 4,828.57 2,467.67 2.66 123.52 0.00 0.00 0.00 0.00 2,234.72 0.00 
Renewable primary energy used as material RPRM MJ, NCV 13,343.68 13,343.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable primary energy used as energy NRPRE MJ, NCV 7,476.52 5,637.57 1250.25 344.39 0.00 0.00 64.50 0.00 179.80 -87.71 
Non-renewable primary energy used as material NRPRM MJ, NCV 1,813.61 1,813.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Secondary Material, Secondary Fuel and Recovered Energy             
Secondary material SM kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Renewable secondary fuel  RSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-renewable secondary fuel NRSF MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mandatory Inventory Parameters     

 
     

 
 

  

Consumption of freshwater resources FW m3 1.73 1.04 0.57 0.00 0.00 0.00 0.00 0.00 0.11 0.00 
Indicators Describing Waste     

 
     

 
 

  

Hazardous waste disposed HWD kg 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Non-hazardous waste disposed NHWD kg 5.24E+02 2.27E+01 0.00E+00 0.00E+00 0.00 0.00 0.00 0.00 5.01E+02 0.00E+00 
High-level radioactive waste, conditioned, to final repository HLRW m3 6.48E-07 4.34E-07 2.12E-07 9.52E-10 0.00 0.00 0.00 0.00 9.38E-10 0.00E+00 
Intermediate- and low-level radioactive waste, conditioned, 
to final repository ILLRW m3 4.09E-06 2.19E-06 1.76E-06 8.23E-09 0.00 0.00 0.00 0.00 1.36E-07 0.00E+00 

Components for re-use CRU kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for recycling MR kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recovered energy exported  EE MJ, NCV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

A1 – Resource extraction. Included in this module for this report: forestry operations and resin production; A2 – Transport of Raw Materials to production facilities; A3 – Manufacturing of products 
A4 – Transportation of product to use or distribution center 
A5 – Construction site fuel consumption 
B1-B7 – Use, assumed null for this LCA 
C1 – Deconstruction/Demolishing, assumed null for this LCA 
C2 – Transportation to product after use, e.g., landfill, incineration, reuse 
C3 – Waste processing, assumed null for this LCA 
C4 – Impacts for disposal scenarios, e.g., landfill and incineration emissions  
D –  Substitution benefit 
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8 INTERPRETATION 
As defined by ISO (2006a), the life cycle interpretation is the phase of the LCA that the findings of either 
the LCI or the LCIA, or both, are combined (consistent with the defined goal and scope) in order to reach 
conclusions and recommendations. This phase in the LCA reports the significant issues based on the 
results presented in the LCI and LCIA of this report. Additional components report an evaluation that 
considers completeness, sensitivity, and consistency checks of the LCI and LCIA results, as well as 
conclusions, limitations, and recommendations.  

8.1 BIOGENIC CARBON 
The biogenic CO2 component for particleboard is shown in detail in Table 22. Table 22 shows that the 
landfill scenario causes a net removal of biogenic carbon from the atmosphere equivalent to 792 kg 
CO2e. This is caused by the permanent storage of 84 percent of the biogenic carbon that enters the 
landfill; only 16 percent of the wood decomposes as estimated by the US EPA (EPA 2021). 

 

Table 22 Biogenic Carbon Inventory Parameters for Particleboard per m3 

Additional Inventory Parameters 
A1  
All 

Scenarios 

A3  
All 

Scenarios 

C4 
Landfill 

Scenario 

C4 
Incineration 

Scenario 

C4  
Reuse 

Scenario 

C4  
AVG 

Biogenic Carbon Removal from Product kg CO2 -1,188.92  -   -   -      
Biogenic Carbon Emission from Product kg CO2  -  2.35 330.41 1,122.90 1,122.90 474.65 
Biogenic Carbon Removal from Packaging kg CO2  -               -     -   -      
Biogenic Carbon Emission from Packaging kg CO2  -   -   -   -      
Biogenic Carbon Emission from 
Combustion of Waste from Ren. Sources 
Used in Production 

kg CO2  -  63.67  -   -      

Total Biogenic CO2 Removals & Emissions         

Net biogenic carbon emission landfill 
scenario kg CO2 -792.49 

     
Net biogenic carbon emission incineration 
scenario kg CO2 0.00 

     
Net biogenic carbon emission recycling 
scenario kg CO2 0.00 

     
Average end-of-life treatment kg CO2 -648.26      

 

The carbon that is part of the molecular composition of wood is derived from the carbon dioxide 
removed from the atmosphere by the growing of trees that produce wood. The carbon content of 
wood, in general, is 50 percent. The GWPTRACI accounts for the greenhouse gas emissions released 
through manufacturing (embodied carbon). In this LCA, particleboard stores more carbon than is 
released by containing 1,123 kg CO2e in the final product while emitting 316 kg CO2eq from cradle-to-
gate (A1-A3) (Table 16).  
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8.2 CRADLE-TO-GRAVE (A1-C4) 
For end-of-life scenarios, landfilling of particleboard provide the largest carbon benefit over incineration 
and reuse (Table 23). The average (A-C) is represented by 82 percent landfill and 18 percent 
incineration. Since reuse is considered negligible (Table 4, EPA 2019) it is not considered in the average 
waste scenario. 

Table 23 Cradle-to-Grave (A1-C4) End of Life Waste Scenario Results for GWPTOTAL in kg CO2eq/m3 for 
Particleboard 

End of Life 
Waste Scenarios 

with Biogenic Carbon Declared 

A1-C4 
Average 

82% Landfill & 
18 % Incineration 

A1-C4 
100 % 

Landfilling 

A1-C4 
100% 

Incineration 

A1-C4 
100% 
Reuse 

 GWPTOTAL kg CO2eq/m3 
Particleboard -195.92 -347.72 486.33 446.48 

 

8.3 RESULTS INTERPRETATION 
The results in Tables 18-21 indicate that the end-of-life assumptions significantly influence the overall 
results. Under all three scenarios, the biogenic carbon portion (A1) of the overall global warming 
potential is significant.  

Landfill: Under the assumption of landfilling, the primary sources of impacts across the life cycle are the 
manufacturing of the product itself (Modules A1-A3), and the net flows of biogenic carbon. For 
particleboard, Table 22 shows that the flows of biogenic carbon out of the system in Module A3 (66 kg 
CO2e from combustion emissions and the export of by-products to other product systems) and Module 
C4 (330 kg CO2e from landfill gas emissions) are significantly less than the flows of biogenic carbon into 
the system in Module A1 (-1,189 kg CO2e from removal of biomass from a net neutral sustainable 
forest). The permanent biogenic carbon storage (-792.49 kg CO2e, i.e., -1,189 kg CO2e + 66.01 kg CO2 

from A3+330.41 kg CO2) results in a net benefit that is larger than the total fossil emissions from all 
other modules, causing the total global warming potential to be negative.  

Incineration with Energy Recovery: Under the assumption of incineration with energy recovery, the 
incineration process causes greater overall impacts in Module C relative to the landfill scenario (1,123 
kg CO2 vs 330 kg CO2). However, incineration has significant benefits when one considers the 
replacement of natural gas fuel that is caused by the recovered heat from such a system. The energy 
content of a cubic meter of particleboard is approximately 14,615 MJ, which is equivalent to 
approximately 399 m3 natural gas on a heat content basis. The potential substitution of fossil fuel thus 
leads to the prevention of 970 kg CO2 (Table 19) that would have otherwise been emitted.  

Recycling/Reuse: The final scenario that was examined was the recovery of the product at the end of 
life, and reuse of that material in the same application (e.g., particleboard will be used again as 
particleboard in its second life) (Table 20). This recycling scenario avoids the impacts caused by 
landfilling or incinerating the product, therefore eliminating decomposition or combustion emission in 
Module C4 (See Table 18 C4 Landfill Scenario). Reusing a product also causes significant avoided impacts 
through the substitution of virgin-sourced material. These substitution effects essentially offset the 
impacts of production of a new product (A1-A3), thus leaving only minor impacts attributable to the 
product life cycle (see Module C2 in Table 20, 11.61 kg CO2e). 

https://www.epa.gov/sites/default/files/2019-11/documents/2017_facts_and_figures_fact_sheet_final.pdf
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Module D: The substitution benefit presented as Module D comes from the combination of substituting 
natural gas for biofuel (from an incinerated particleboard) and the reuse of particleboard in the same 
application. There is clearly a benefit within Module D. Incineration has the greater benefit by avoiding 
the fossil emissions of natural gas combustion, which far exceeds the benefit of avoiding new 
production of particleboard.  

 

8.4 COMPLETENESS AND CONSISTENCY CHECKS 
Life cycle assessment reports must be reviewed for completeness, consistency, and data sensitivity. 
Evaluations help to establish and enhance confidence in the results of the LCA study and its reliability, 
including the significant issues identified in the interpretation. The energy use (MJ/m3) of particleboard 
was compared to the industry wide particleboard LCA results (Puettmann and Salazar 2018), medium 
density fiberboard (Puettmann 2024), and oriented strand board energy use (Table 24).  

Table 24 Energy consumption of engineered wood products produced in the North America  

Product Total 
A1- 

Extraction 
A2- 

Raw Material Transport 
A3- 

Manufacturing 
 MJ/m3 

Oriented Strand Board1/ 7,697 2,069 142 5,486 
MDF2/ 2024 11,959 3,948 201 7,809 

Particleboard 2018 8,928 5,480 61 3,387 
Particleboard this LCA 8,105 3,696 132 4,277 

1/  EPD 2020  
2/ Medium Density Fiberboard 
 
The objective of the completeness check is to ensure that all relevant information and data needed for 
the interpretation are available and complete. The data were checked for completeness, including all 
elements such as raw and ancillary material input, energy input, transportation, water consumption, 
product and co-products outputs, emissions to air, water and land, and waste disposal. All the input and 
output data were found to be complete, and no data gaps were identified (Table 11). 

The objective of the consistency check is to determine whether the assumptions, methods, models, and 
data are consistent with the goal and scope of the study. Through a rigorous process, consistency is 
ensured to fulfil the goal of the study in terms of assumptions, methods, models, and data quality 
including data source, accuracy, data age, time-related coverage, technology, and geographical 
coverage. 

 

8.5 UNCERTAINTY AND SENSITIVITY ANALYSIS 
The uncertainty and sensitivity analysis aims to assess the reliability of the final results. The uncertainty 
analysis investigates input data variations within the sample of production facilities. Some degree of 
uncertainty is present in the results, due to the variation amongst different data providers. Table 25 
provides statistics for some of the key modeling parameters found to be most significant in 
particleboard production.  

https://corrim.org/wp-content/uploads/2019/03/LCA-Particleboard.pdf
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Table 25 Survey Data Statistics for Selected Parameters used in Particleboard Production 

Materials Unit per m3 Weighted 
average 

Standard 
Deviation Median Min. Max. 

Urea formaldehyde resin kg 38.90 32.34 36.51 0.00 109.61 
Water consumption L 310.96 348.83 386.00 59.36 1,227.11 
Electricity kWh 144.30 54.48 167.17 108.61 314.48 
Natural Gas m3 35.72 24.61 21.13 0.00 64.27 

 

In the sensitivity analysis, significant inventory parameters are altered to investigate the effect on the 
LCIA results. Using a percent change in natural gas use, a +/-10% change is applied to natural gas inputs 
in the A3 module (Table 11). Results show that a 10 percent change in natural gas has only minor (<+/- 
2%) effect on GWPFOSSIL. An additional analysis was performed substituting all heat energy to renewable 
wood fuel. A 180 percent increase in wood fuel quantity was used (assumed all purchased wood fuel), 
to replace the energy from natural gas. The substitute benefit resulted in a reduction of fossil fuels by 
19 percent and GWPFOSSIL by 20 percent (Table 26).  

 

Table 26 Sensitivity Analysis. Change in Selected Impacts by Increasing or Reducing Natural Gas Use or 
Switching to 100% Wood Fuel/No Natural Gas Used On-Site at Particleboard Production Facilities 

Core Mandatory Impact 
Indicator Unit 100% Wood fuel No 

natural gas a/ 
Natural gas 

+10% 
Natural gas 

– 10% 
Ozone depletion kg CFC-11 eq +0.30% +0.04% +0.09% 
Global warming GWPFOSSIL kg CO2 eq -19.95% +1.90% -1.89% 
Smog kg O3 eq +1.06% -0.80% -0.48% 
Acidification kg SO2 eq -18.35% +1.33% -2.08% 
Eutrophication kg N eq +2.93% -0.61% +0.01% 
Non-renewable fuel MJ, NCV -18.64% 1.48% -2.01% 
Renewable fuel MJ, NCV +114.82% -1.21% 18.93% 

a/ A 180% increase in wood fuel input substitutes for the natural gas input 
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9 LIMITATIONS 
This LCA was created using manufacturer average data for upstream materials. Variation can result from 
differences in supplier locations, manufacturing processes, manufacturing efficiency and fuel type used. 
This LCA does not report all of the environmental impacts due to manufacturing of the product, but 
rather reports the environmental impacts for those categories with established LCA-based methods to 
track and report. Unreported environmental impacts include (but are not limited to) factors attributable 
to human health, land use change, and habitat destruction. In order to assess the local impacts of 
product manufacturing, additional analysis is required. 

Although this LCA is cradle-to-grave in scope, it assumes the use and maintenance stages of the 
products are null (B1-B7). The reference service life (RSL) refers to the declared technical and functional 
performance of the product within a construction works. RSL is indicated by the manufacturer. RSL is 
dependent on the properties of the product and reference in-use conditions (UL 2020). This LCA 
acknowledges the limitation of the use exclusion as one could conclude that a shorter lifespan is just as 
good as a life span of 75 plus years. The functional unit declared in this LCA assumes the default RSL of 
75 years (UL 2020). 

10 ADDITIONAL INFORMATION 
Particleboard manufacturers, as members of CPA, can participate in the CPA 4-19 Eco-Certified 
CompositeTM (ECC) Sustainability Standard. The (ECC) sustainability standard is a voluntary industry 
certification developed and administered by CPA for manufacturers of composite wood or agrifiber-
based panels, including particleboard, medium density fiberboard (MDF), hardboard, engineered wood 
siding, and engineered wood trim. ECC certified plants must comply with CARB and EPA formaldehyde 
emissions requirements for 100% of their panels 100% of the time, and also meet at least three of the 
additional requirements below: 

• Carbon Footprint 

Using CPA’s proprietary Carbon Calculator, the plant must demonstrate that the panels they 
produce act as carbon sinks—that is, that they store enough carbon to offset their cradle-to-
gate carbon footprint, as determined in kg-CO2 equivalents of greenhouse gas (GHG) emissions. 

• Use of Local and Renewable Resources 

At least 85 percent of the total wood fiber used annually must be sourced within 250 miles (402 
km) of the manufacturing plant. 

• Made from Recycled/Recovered Materials 

Products must contain either: 

1. A minimum of 75 percent recycled or recovered fiber; OR 
2. At least 50 percent recycled or recovered fiber and a minimum of 5 percent post-

consumer fiber. 
Percentages shall be calculated by weight, as measured in bone dry tons (bdt). 
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• Sustainability 

The plant must have documentation to show that more than 97 percent of fiber furnish brought 
on-site is either converted into composite panels or other non-waste products. 

• Wood Sourcing 
The plant shall hold a valid certificate from a certifying agency recognized by CPA such as the 
Forest Stewardship Council® (FSC—Controlled Wood Standard or Chain of Custody Standard) or 
the Sustainable Forestry Initiative (SFI—Fiber Sourcing Standard). 

11  CONCLUSIONS 
This study provides a comprehensive cradle-to-grave LCA of the production of North American 
particleboard. Particleboard is used in furniture, cabinets, doors components, shelving, millwork, and 
flooring. The primary goal of this LCA was to collect life cycle inventory data from CPA manufacturing 
facilities in North America and develop life cycle impact assessment results for the cradle to grave 
system boundary of particleboard. This LCA could be used to develop a Type III product manufacturers 
EPD. This cradle-to-grave LCA does incorporate the necessary scope to develop a “business-to-
consumer” EPD for each product in accordance with the Product Category Rule Guidance for Building-
Related Products and Services, Part A: Life Cycle Assessment Calculation Rules and Report Requirements 
(UL 2018) and Part B: Structural and Architectural Wood Products EPD Requirements (UL 2020).  
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12  CRITICAL REVIEW 
12.1 INTERNAL REVIEW 
The purpose of the LCA Report internal review is to check for errors and conformance with the PCR prior 
to submittal for external review. The technical and editorial comments of the reviewers were carefully 
considered and, in most instances, incorporated into the final document. Composite Panel Association 
addressed the internal review comments, as appropriate, and maintains a record of all comments and 
responses for future reference.  

CPA internal review was conducted by: 

1.  CPA Production-Technical Committee   
2.  Participating plants 
3.  CPA Technical Director, Gary Heroux  

12.2 EXTERNAL REVIEW 
The external review process is intended to ensure consistency between the completed LCA and the 
principals and requirements of the International Standards on LCA (ISO 2006a) and ISO 21930 -
Sustainability in Buildings and Civil Engineering Works - Core Rules for Environmental Product 
Declarations of Construction Products and Services (ISO 2017), the Product Category Rules for North 
American Structural and Architectural Wood Products Part B (UL 2020) and Part A: Life Cycle 
Assessment Calculations Rules and Report Requirements (UL 2018). 

Following the internal review evaluation, documents were submitted to ASTM International for an 
independent external review. The independent external review performed by ASTM was conducted by: 

Lindita Bushi, PhD, Athena Sustainable Materials Institute   
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14 UNITS AND CONVERSIONS 
Unit conversions are necessary as production facilities report data in different units and using both 
English and metric units (Table 27). All reported data are converted to metric.  

Table 27 Conversion Used 

Convert from to Multiply by 
km mile 0.6214 

mile km 1.6093 
lb kg 0.4536 

short ton kg 907.1847 
metric tonne kg 1000.0000 

lb metric ton 0.0005 
short ton metric ton 0.9072 

kg metric ton 0.0010 
gallon liter 3.7854 

m3 ft3 35.3147 
m3 gallon 264.1721 

MSF, ¾-inch basis m3 0.8849 
cord short tons 2.3 

 

Density conversions are necessary for applying upstream processes with how material use is reported 
(Table 28).  

 

Table 28 Densities Used for Ancillary Materials 

Material Density Unit 
Paint 8.7 lb/gal 

Hydraulic fluid 7.2054 lb/gal 
Hydraulic fluid 0.8626 kg/L 

Motor oil 7.2054 lb/gal 
Motor oil 0.8626 kg/L 
Lubricants 7.2054 lb/gal 
Lubricants 0.8626 kg/L 

Grease 700 kg/m3 
Grease 0.7 kg/L 

Antifreeze 1.1132 kg/L 
Solvent 0.65 kg/L 
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15 LCIA OF RESINS 
Figures 7 shows the differences in the contribution of each resin used in the production of one cubic 
meter of particleboard, while figure 8 shows the relative impact differences between each resin type 
and additive at equal quantities (1 kg of each resin and additive). 

 

 

Figure 7 LCIA Results for Resins and Additives Used in the Production of One Cubic Meter of 
Particleboard. UF = Urea Formaldehyde, MUF = Melamine Urea Formaldehyde, pMDI = Polymeric 
Methylene Diphenyl Di-isocyanate, PF=Phenol formaldehyde 
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Figure 8 LCIA Results for 1 kg of Resins and Additives. UF = Urea Formaldehyde, MUF = Melamine Urea 
Formaldehyde, pMDI = Polymeric Methylene Diphenyl Di-isocyanate, PF=Phenol formaldehyde 
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