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ABSTRACT
Life cycle assessment (LCA) is a methodology to compare and evaluate products or systems in a holistic manner. The methodology of an LCA includes the life cycle inventory (LCI), which lists inputs and outputs for a product within designated system boundaries. LCIs are used to develop impact assessments that calculate the effect of the product or system on the environment in categories such as global warming potential.
LCA has been applied for the comparison of wood products to non-wood alternatives. The results showed that wood processing is efficient and the environmental impacts are low compared to non-wood alternatives. These findings are beginning to be documented and promoted in standardized environmental product declarations (EPDs) that summarize the LCA and can be used for comparisons of different products. In order to produce up-to-date EPDs for the production of structural plywood and oriented strand board (OSB) in the U.S., updated LCI data are needed.

This study presents the collection and preparation of the LCI data for structural plywood and OSB produced in the U.S. The collected data are representative of the production year 2012 and will contribute to the update of the environmental product declaration (EPD) for both products.
In addition, the quality of the collected data sets will be assessed by descriptive statistical tools. The methods of the study should assist in standardizing and summarizing data sets, which are the basis for the calculation of industry-wide average values.

A comparison with previous studies and the discussions with experts from the industries revealed trends over time in the context of environmental impacts.
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Chapter 1 - Thesis Organization

The Consortium for Research on Renewable Industrial Materials (CORRIM) has organized a project to compile updated life cycle inventory (LCI) data for wood-based building products such as glued-laminated timber, kiln-dried and green softwood lumber, laminated veneer lumber, softwood plywood, oriented strand board (OSB) and engineered I-joists. Data collected with mill-specific surveys are used to calculate industry-wide average values. The data are needed for an update of the life cycle assessments (LCA’s) for the wood-based building products. The updated LCAs will be used to prepare valid environmental product declarations (EPDs), which are standardized summaries of environmental impacts based on recent LCAs. 
In this sub-part of the CORRIM project, LCI data for softwood plywood and OSB produced in the U.S. were collected and their 2012 production-weighted average values calculated.

Chapter two describes the LCA concept, the need for EPDs and sets this masters’ thesis project in context with the involved Consortium for Research on Renewable Industrial Materials (CORRIM).

Chapter Three is a summary of the life cycle inventory (LCI) reports of the softwood plywood production in the Pacific Northwest (PNW) and Southeast (SE) regions of the U.S. in 2012. Chapter Four is a summary of the LCI for OSB production in the U.S. These LCI reports have been prepared according to the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products 2014’.
Chapter Five is an analysis of the changes in the two industries over time, as reflected in LCIs prepared at different times. For softwood plywood the LCI data for the production year 2000 and 2012 were compared. For the OSB industry, the LCI data of the production years 1999 and 2012 were compared.
Chapter 2 – Introduction of Life Cycle Assessment and Study Context
Abstract
This chapter presents a literature review for this master’s thesis including an introduction to the life cycle assessment (LCA) concept, the generation and usage of environmental product declarations (EPDs) and an introduction to the Consortium for Research on Renewable Industrial Materials (CORRIM). Finally the potential for application of LCA results in the governmental sector and trends in the U.S. in comparison to current applications in Europe are discussed.
Introduction
Sustainability and green thinking have become important factors in the building sector over the past decade. Green building describes an approach to increase resource efficiency and to reduce the impact on human health and the environment of our built environment. To accomplish this, factors such as site selection, building design, construction and materials are analyzed through the entire life cycle of the building. Wood is the most widely used construction material and offers characteristics such as efficiency, durability, and renewability. These attributes attract architects, builders and decision makers in the building industry to choose wood FPL, 2010()
. To provide a scientific basis for comparisons of competing products or services, the life cycle assessment (LCA) method is applicable.

LCA has been applied for the comparison of wood products to non-wood alternatives. The results showed that wood processing is efficient and the environmental impacts are low compared to non-wood alternatives. These findings are beginning to be documented and promoted in standardized environmental product declarations (EPDs) that summarize the LCA and can be used for comparisons of different O’Connor, 2013()
.
Life Cycle Assessment Concept

The life cycle assessment concept was “initially developed in the U.S. in the Fifties and Sixties within the realm of public purchasing” (Curran, 2012 p.1). The main focus was financially driven by linking the functionality with costs. This concept is nowadays known as life cycle costing (LCC). Environmental implications in the LCA concept started in the end of the Sixties and in the early Seventies by addressing the process of environmental policy development. The LCA concept was then “relatively unobserved by the private sector”. Advancements of the LCA concept were stepwise. A major step was the standardization of the concept in the ISO 14040 series in the Nineties Curran, 2012()
.
Figure 1 shows the LCA framework with its major phases. The goal and scope definition sets the level of detail, describes the purpose of the study and the system boundaries. In this initial stage the functional unit, a commonly used unit of the considered product or service, like one thousand square feet 3/8-in basis (MSF 3/8 in) in the case of softwood plywood and OSB is also set. The life cycle inventory analysis (LCI) phase describes the collection of all the input and output data of a product or service within the considered system boundaries. The life cycle impact assessment phase expresses the LCI results in impact categories such as global warming potential. The interpretation phase is linked to each of the three phases to discuss the results of the considered phases, with regard to the goal of the study. The results can provide the basis for recommendations and direct applications such as policy making, product design and marketing ISO, 2006a()
. “Although LCA doesn’t address every potential issue, it has emerged as the most comprehensive and credible way to compare products and make decisions based on key environmental impacts Evans, 2013()
.

[image: image1.png]Life cycle assessment framework

) VR
Goal and scope.
definition (
—
Tnventory .
- Interpretation

Tmpact >

assessment





Figure 1 LCA framework according ISO 14040: 2006

Collection and Validation of LCI data

“As with any assessment tool, data is the driving force behind Life Cycle Assessment (LCA). Large amounts of process and production data are needed to complete the life cycle inventory (LCI)” (Curran, 2012 p. 105). The scope of this study was to conduct an LCA of softwood plywood and OSB. This involved the collection of primary and the use of secondary data from LCI databases. The primary data were compiled within the gate-to-gate system boundary of softwood plywood and OSB production (manufacturing stage). Secondary data were used for the initial product life cycle stage such as the forestry operations (raw material extraction) and for the production of inputs such as electricity, resin and thermal energy production. The evaluation of the combined primary and secondary data was conducted with the SimaPro 8.0 a life cycle assessment (LCA) software package by using the ‘Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts’ (TRACI 2.1 V1.01/US 2008) method. TRACI originate from an effort at the US Environmental Protection Agency (US EPA) to provide a software tool to conduct impact assessments on a sophisticated and comprehensive level that is applicable for the US. This tool aggregates the primary and secondary data from various databases to understandable units such as the global warming potential (GWP) Bare, 2012()
.
Environmental Product Declarations

An environmental product declaration (EPD) is a standardized summary of LCA data, which should allow the fair comparison with competing products. EPDs are one example of the many available environmental labels, which can be structured into following three types:

“Type I labels (ISO 14024) are awarded by third-party programs to products that have good environmental attributes, usually according to a single attribute…Type II labels (ISO 14021) represent self-declared claims by product manufacturers about some aspect of their product…Type III environmental declarations or EPDs contain quantified environmental data based on life cycle assessment … presented in a standardized format in accordance with ISO 14025 and 21930, and independently verified” Evans, 2013()
.

The methods, units and assumptions for the preparation of the EPD are defined in the Product Category Rule (PCR). The pertinent category rule for softwood plywood and oriented strand board (OSB) is the PCR for North American Structural and Architectural Wood products FPInnovations, 2011). This PCR describes the requirements for the underlying life cycle assessment data. The requirements for the primary data are representativeness in terms of “geographic and technological coverage and be of a recent vintage, typically less than ten years old” FPInnovations, 2011()
. To fulfill these requirements an update of the life cycle inventory data of the previous studies conducted by the Consortium for Research on Renewable Industrial Materials (CORRIM) for softwood plywood (2000) and OSB (1999) was needed.

CORRIM

The Consortium for Research on Renewable Industrial Materials (CORRIM) was created as a non-profit consortium by 15 research institutions Lippke et al., 2004()
 and “was organized to develop LCA databases to document the energy implications and environmental impacts of producing and using renewable building materials”Puettmann et al., 2010()
. The objectives of CORRIM include the development of “an analytical framework for evaluating life-cycle environmental and economic impacts for alternative building products” (CORRIM 1998, p iii). The data collected should provide a scientific source for stakeholders and should provide an effective and constructive peer review CORRIM, 1998()
. Previous LCI’s of wood products had a “primary focus on energy consumption during harvesting and product manufacturing” but without the consideration of forest regeneration and management practice. “Some of these early studies, although scientific and quantitative in their scope, were conducted before the development of the LCA framework”. “Therefore, comparison of results from earlier studies has been difficult because of differences in system boundaries, goals and scope, and data quality” Puettmann et al., 2010()
. To address these issues guidelines were developed: ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’. These guidelines are in accordance with the Product Category Rules (PCR) for North American Structural and Architectural Wood Products FPInnovations, 2011()
 and in conformance with the ISO 14040/ 14044 Puettmann et al., 2014()
.

CORRIM organized a project to compile updated life cycle inventory (LCI) data for wood-based building products such as glued-laminated timber, kiln-dried and green softwood lumber, laminated veneer lumber, softwood plywood, oriented strand board (OSB) and engineered I-joists. The data are needed for an update of the life cycle assessments (LCA’s) for the wood-based building products. The updated LCAs will be used to prepare valid environmental product declarations (EPDs). In this sub-part of the CORRIM project, LCI data for softwood plywood and oriented strand board (OSB) produced in the U.S. in 2012 were collected and their production-weighted average values calculated.

Implementation of Life Cycle Assessment Results

According to Reed (2012), the LCA method was initiated by the private industry to evaluate their products and services but nowadays also policy-makers and government agencies are recognizing the utility of LCA in helping to address challenges such as greenhouse gas (GHG) emissions and waste streams. LCA is currently used in the U.S. to evaluate the environmental impact of the substituting fossil-based fuels with renewable ones Reed, 2012()
. Nevertheless, the application of LCA in the U.S. “is small compared with Europe, where it is more commonly used for regulatory measures”. “Life-cycle information has seemed to be respected by policy and decision-makers in Europe and other parts of the world and appears to be gaining popularity for policy and decision-makers in the United States” (Reed, 2012 p. 42). In Europe, the building sector is now affected by the efforts to introduce the LCA concept leading into the generation of EPDs. This trend is shown by the publication of the EN 15804, which should allow comparability of environmental information wherever a building product is produced and used in the European Union. The same environmental indicators and cycle modules are the basis for the comparability. The content structure of this “Core-EPD” fulfills also the requirements of the ISO 14025 and should reduce trading barriers and costs for the generation of EPDs for building material producers. Main drivers for this efforts in Europe was to address the significant land-, energy- and water consumption of the building sector that are contribute to climate change BMUB, 2014(; Dolezal, 2014)
. Although “life cycle assessment (LCA) has developed into a major tool for sustainability decision support” (Curran, 2012, p.1) there are also limitations of the concept. According to the EPA,  LCA “usually models average systems, and may not capture the impacts of policies that cause indirect changes or significant (non-marginal) changes in the market. For example, a shift in energy supply may affect power plant operations, and a new technology may create new demand (or eliminate demand) for other technologies. Additionally, the temporal and spatial detail of an LCA study may not provide sufficient granularity for some of the impact categories being considered.”EPA, 2014b()
. Also the significant effort to fill LCA data gaps represents a barrier to LCA practice EPA, 2014b()
. Other environmental management systems such as risk management and multi-criteria decision analysis may also be used to estimate environmental aspects or impacts Liu et al., 2012()
.
Conclusion
The standardized LCA concept provides the framework for the compilation of scientifically sound data that are the basis for comparisons between products or services. The LCA data are the underlying information for the generation of EPDs that provide concise and relevant information for products or services. This project was conducted within the CORRIM organization and was performed according to the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’, the North American Structural and Architectural Wood Products, Product Category Rules (PCR) and ISO 14040/ 14044. The use of consistent research and evaluation structures should provide the basis for a fair and direct comparison between updated studies. The efforts of the CORRIM group in the form of guidelines can contribute such a framework for wood based building materials. Although the LCA method was initiated by the private industry to evaluate their products and services, governmental authorities and policy-makers now recognize the benefits of the LCA concept and EPDs.
Chapter 3 - Life Cycle Inventory of Softwood Plywood Production in the United States
A similar version of this chapter has been submitted for publication as: 
Kaestner, D., Taylor, A., Young, T., Puettmann, M., Petutschnigg A. Life Cycle Inventory of Softwood Plywood Production in the United States. Pending Publication. in Wood and Fiber Science Journal 2015.
Dominik Kaestner is the principal investigator and primary author. The members of the committee are listed as co-authors because they provided guidance in conducting the research and writing this publication.
Abstract
This study presents the collection and preparation of the life cycle inventory (LCI) data for structural plywood produced in the Pacific Northwest (PNW) and Southeast (SE) regions of the U.S.  Softwood plywood producers were invited to provide input and output data for the production year 2012. The collected data represent 75.18% and 33.82% of the total production output in the PNW and SE regions in the survey year, respectively.

Production-weighted average values of the collected input and output data were determined based on the functional unit of one thousand square feet (MSF) 3/8 inch basis (0.885 m3). The collected primary data cover the environmental burdens within the gate-to-gate system boundaries. The life cycle impact assessment (LCIA) from cradle-to-gate required secondary data for the forestry operations, electricity, resin and thermal energy production from the USLCI database modeled. These data were assessed with the SimaPro 8.0 an life cycle assessment (LCA) software package by using the ‘Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts’ (TRACI 2.1 V1.01/US 2008) impact method.
The results of this study will contribute to the environmental product declaration (EPD) for softwood plywood and will assure compliance with the data quality requirements of the relevant classification standard the Product Category Rule (PCR) for North American Structural and Architectural Wood Products FPInnovations, 2011()
.
Introduction

Softwood plywood is a wood-based building product that is commonly used in the U.S. for commercial and residential construction. The characteristics of plywood are based on the cross-oriented layers of sliced veneer, which are glued together FPL, 2010()
.


Figure 2. Softwood plywood (Peri, 2014)
Although plywood is produced in different grades and thickness, a commonly-used unit of volume in the industry is one thousand square feet (MSF) 3/8 inch basis (0.885 cubic meters) Briggs, 1994()
.
The aim of this project was to provide representative values for the inputs required for the production of softwood plywood in the Pacific Northwest (PNW) and Southeast (SE) regions in the U.S. for the production year 2012, and the associated outputs and emissions.

For the primary data collection, eighteen plywood mills in the U.S. were invited to contribute detailed production data for the assessment. The survey instrument was based on the used one in a prior study Wilson et al., 2004()
, but was updated for current conditions. The survey is included in Appendix. Of the eighteen mills contacted, seventeen provided the required input and output data for the assessment. The softwood plywood producers were clustered in the Pacific Northwest (PNW) and Southeast (SE) regions of the U.S. The PNW region is represented with mill data from Idaho, Oregon and Washington. The SE region is represented with mill data from Arkansas, Georgia, Louisiana, South Carolina, Texas and Virginia. The survey results were separated into the two regions and production-weighted average values calculated. These values were used for a detailed analysis of the environmental impacts associated with the softwood plywood production. The results will contribute to the development of the environmental product declaration (EPD) of this wood-based building product.
The total production of softwood plywood in the PNW region was 2.789 billion square feet (MMMSF) 3/8 inch basis (2.468 million cubic meters) in 2012. 
The surveyed mills located in the PNW produced 2.096 billion square feet 3/8 inch basis (1.854 million cubic meters), which represents 75% of the total production located in this region for the production year 2012. APA, 2013a()
. The individual mills in the PNW region had a production output of about 46,000- 270,000 MSF 3/8 inch basis (40,710-240,000 cubic meters). The mills documented plant ages from 1950 to 1999 years. The mills employed 338 persons based on the production-weighted average. 
The total production of softwood plywood in the SE region was 5.517 billion square feet (MMMSF) 3/8 inch basis (4.882 million cubic meters) in 2012.

The surveyed mills located in the SE produced 1.865 billion square feet 3/8 inch basis (1.651 million cubic meters), which represents 33% of the total production located in this region for the production year 2012. APA, 2013a()
.

The individual mills in the SE region had a production output of about 100,000-520,000 MSF 3/8 inch basis (88,500-460,000 cubic meters).

The mills documented plant ages from the years 1965 to 1999 years. The mills employed 426 persons based on the production-weighted average.

Manufacturing Process of Softwood Plywood
The softwood plywood manufacturing process can be described as six main steps (Table 1).
Table 1. Description of the production flow of plywood and the associated inputs and outputs of each step

[image: image3.emf]Inputs Outputs

1. Debarking

Bucking logs on the log yard.

Debarking and cutting the logs to length.

Prepare blocks for the peeling process

• Roundwood

• Diesel

• Electricity

• Debarked logs

• Wood residues

• Water emissions caused 

by water runoff from the 

log yard

2. Conditioning

Conditioning of debarked logs with hot 

water or steam

• Debarked logs

• Thermal energy 

• Water

• Conditioned logs

3. Peeling and Clipping

Logs are peeled in the lathe to make veneer

Veneer is clipped to size and sorted by 

moisture content

• Conditioned logs

• Electricity

• Veneer (green)

• Peeler cores

• Veneer clippings and trim

4. Drying

Veneers are dried to 4-6% MC. The 

redrying rate for processed veneer that is 

not on that percentage is 2-18% accoring to 

the surveys

• Veneer (green)

• Thermal energy

• Electricity

• Veneer (dry)

• Veneer downfall

• Wood waste

• Water vapor

• Air emissions

5. Layup and Pressing

The resin is applied on the veneers and 

panels are composed for hot pressing

• Veneer (dry)

• Resin

• Thermal heat

• Electricity

• Plywood

• Water vapor

• Air emissions

6. Trimming and Sawing

The plywood panels are sawn to 

appropriate dimensions

• Plywood

• Electricity

• Sawn plywood

• Plywood trim

• Sawdust

Production Process


Wood-based by-products are commonly used in the plywood industry to produce heat for the thermal energy intense processes like conditioning, drying and hot pressing (Figure 3). The boiler and the emission control processes were considered separate to the sub-units in the system boundaries. This LCI excludes the previous life stages of input materials, such as the growth and harvesting of trees, and resin production.
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Figure 3. System boundary and sub-unit processes of softwood plywood production
Materials Flow

The materials of the LCI analysis were categorized in three main groups (Table 2).
Table 2. Input materials, co-products and products in the plywood manufacturing process
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Veneer (green) Chips (green)

Veneer (dry) Peeler cores

Phenol formaldehyde resin Clippings (green)

Extender and filler Veneer (dry)

Catalyst Veneer downfall (dry)

Soda ash Plywood trimmings (dry)

Water Sawdust (dry)

Packaging Materials
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Transportation

The participating plywood mills of both regions reported transportation of their raw materials by truck and train (Tables 3, 4).

Table 3. Delivery distance of input materials for plywood production in the PNW
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Method

Delivery 

Distance 

(miles)

1

Delivery 

Distance 

(km)

1

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Logs (roundwood) Truck 64.42 103.67 8 44

Veneer Truck 172.34 277.36 8 46

Veneer Train 100.00 160.93 1

Resin

Truck 141.13 227.12 9 75

1

All transportation distances are weight-averaged and one way.


Table 4. Delivery distance of input materials for plywood production in the SE
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Method

Delivery 

Distance 

(miles)

1

Delivery 

Distance 

(km)

1

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Logs (roundwood) Truck 53.11 85.48 8 14

Logs (roundwood) Train 62.14 100.01 1

Veneer Truck 143.68 231.24 4 106

Resin

Truck 105.96 170.53 8 103

1

All transportation distances are weight-averaged and one way.


The transportation distance of hogged fuel, which is fuel for thermal energy production used for conditioning, drying and pressing was based on discussion with mill personal assumed to be within the 40 miles (64.37 km) distance in the PNW and SE regions.

Density Calculation
The wood input was provided either by volume, by cunit
, or board feet
 (BF) based on commonly used scaling methods such as Doyle, Scribner, or by green ton weight. The scaling method was used by twelve mills and log weight by five mills that represented 33% of the total surveyed mills’ production.
As documented in the literature, the scaling methods assume the yield of sawn lumber based on the dimensions of the logs but do not accurately measure the actual wood input to the mills Briggs, 1994()
. Therefore, factors for the conversion from the scaled amounts to the actual wood input were calculated based on the ratio of the wood input stated in green tons. For the Doyle scale a 2.5 conversion factor was developed; for the Scribner scale the factor was 3.2 and for cunit the value was 5.0.
To ensure consistency with the literature, the veneer recovery ratio (VRR) of the individual mills was calculated based on the actual wood input. According to the literature, the VRR has been historically between 2.5 and 3.0 SF 3/8 inch per BF Briggs, 1994()
. The calculated VRR for the surveyed mill was in the range between 2.8 and 4.5. The average wood density per functional unit was calculated based on the reported wood species mix (Tables 5, 6).
Table 5. Calculation of wood mass from logs for plywood production in the PNW
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1

(%)

(lb/ft

3

) (lb/ft

3

) (kg/m

3

)

Douglas-fir 77.40 28.09 21.74 348.26 9

True fir 12.84 25.59 3.29 52.65 4

Western larch 4.19 29.96 1.26 20.12 3

Pine

2

2.48 31.52 0.78 12.52 4

Spruce 1.64 26.22 0.43 6.91 4

Hemlock 0.82 26.22 0.22 3.46 2

Grand fir 0.62 21.85 0.13 2.16 1

Total 100.00 27.85 446.07

1

Density according Wood Handbook, 2010

2

Pine species mix 50% loblolly and 50% slash assumed

Wood Species

Weighted 

Average Density

Mills, 

reporting

a value

(n)


Table 6. Calculation of wood mass from logs for plywood production in the SE

[image: image9.emf]Allocation

Density

1

(%)

(lb/ft

3

) (lb/ft

3

) (kg/m

3

)

Pine

2

95.86 31.52 30.22 483.99 8

Yellow poplar 4.14 28.72 1.19 19.05 1

Total 100.00 31.40 503.04

1

Density according Wood Handbook, 2010

2

Pine species mix 50% loblolly and 50% slash assumed

Wood Species

Weighted 

Average Density

Mills, 

reporting

a value

(n)


Assumptions

The data collection, analysis, and assumptions followed protocols defined in the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’ Puettmann et al., 2014()
. Additional considerations included:
· All survey data contributed by seventeen participating plywood plants were production-weighted in comparison to the total surveyed production in the PNW and SE regions for the year 2012;
· In the SE region one mill reported the usage of a small amount of poplar in the softwood plywood production. This small percentage of 4.14% (Table 6) was included into the weighted average density calculation.

· For bark, hogged fuel, wood and wood waste (green) 50% moisture content (MC) on a dry basis was assumed. For saw dust and dry wood waste, 7% MC on a dry basis was assumed;
· The stated resin components were converted to the solid content based on the percentages stated in the surveys;
· The allocation of the fossil energy sources is based on the information provided by the mills;
· 100% of diesel fuel was assigned to the debarking process to address fuel use by mobile equipment on the log yard in both regions;
· 100% of gasoline was used for mobile equipment and was assigned to the six process units in the production process in both regions;
· 88% of liquid propane gas (LPG) was used for mobile equipment in the PNW region and was assigned on the six process units. 12% were used for emission control devices for exhaust air from the drying process;
· In the SE region 83% of LPG was used for mobile equipment and was assigned to the six process units. 17% were used for emission control devices for exhaust air from the drying process;
· 45% of natural gas in the PNW region was used for emission control and 55% for the thermal energy and steam production. (Allocation based on information from two mills);
· 9% of natural gas in the SE region was used for emission control and 91% for the thermal energy and steam production. (Allocation based on information from four mills);
· In both regions resin additives such as extender and fillers, catalysts and soda ash were excluded based on the 2% rule.

· Unaccounted wood masses of 8.87 and 0.2% for the PNW and SE regions, respectively were established by the difference between reported input and output based on the weighted wood material flows (Tables 11, 12);
Data Quality Assessment and Calculation of Inventory Data
The data quality assessment included a standardized outlier detection method, the reporting of the sample size as ‘Mills reporting a value (n)’ and the reporting of the data variation in form of the production-weighted coefficient of variation (CVw). These methods have now been included in the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’. In general, outliers are defined as extreme observations that can have a significant impact on calculated values. In case of the collected survey data, outliers could be values that are incorrectly reported because the true value is not known or the question was misunderstood. JMP Pro 11 statistical software was used to analyze the data set. The following example (Figure 4) of the electricity inputs per one MSF 3/8 inch (0.884 cubic meter) of softwood plywood produced in the PNW and SE demonstrates the output of the software package.
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Figure 4. Distribution of reported electricity use for softwood plywood production in the PNW and SE regions combined
Outliers are shown as upper and lower dots in the box plot (Figure 4, right). In this case, two outliers were detected and discussed with the mill personal. This more in-depth analysis revealed potential biases such as a wrong electricity allocation between two on-site production lines. These two values were excluded in the calculation of the industry-average values.
The coefficient of variation (CV) describes the variability of the data series by dividing the standard deviation by the mean Abdi, 2010()
. To be consistent with the documented production-weighted average values (1), the weighted standard deviation (2) was calculated. Finally, the weighted CVw (3) was calculated and documented for the individual values NIST, 1996()
 Toshkov, 2012()
.
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The description of the data set should provide the basis for statistical analyses of future updates with the production-weighted values of 2012.
Life Cycle Inventory Results
The survey results were compiled to calculate production-weighted average values of the input (Tables 7, 8) and output (Tables 9, 10) materials associated with the production of one MSF 3/8 inch or one cubic meter of softwood plywood in the PNW and SE regions.

Table 7. Inputs gate-to-gate for softwood plywood in the PNW

[image: image14.emf]Materials

1

Unit

Quantity per

MSF 3/8

inch

Unit

Quantity per 

m

3

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Roundwood ft3 5.85E+01 m3 1.87E+00

lb 1.63E+03 kg 8.37E+02 9 45

Bark lb 2.19E+02 kg 1.12E+02 7 133

Phenol-formaldehyde resin lb 2.28E+01 kg 1.17E+01 9 49

Extender and fillers

2

lb 3.98E+00 kg 2.04E+00 9 119

Catalyst

2

lb 6.18E-01 kg 3.17E-01 9 110

Soda ash

2

lb 5.59E-01 kg 2.86E-01 5 97

Veneer (purchased)

Veneer (dry) lb 8.11E+01 kg 4.16E+01 9 162

Veneer (green) lb 5.83E+01 kg 2.99E+01 9 210

Water

Municipal water gal 6.63E+01 l 2.84E+02 7 97

Well water gal 5.04E-01 l 2.16E+00 7 149

Recycled water gal 5.07E+00 l 2.17E+01 4 136

Total water consumption gal 7.19E+01 l 3.07E+02 8 82

Electricity

Electricity

3

kWh 1.28E+02 kWh 1.45E+02 8 27

MJ 4.62E+02 MJ 5.22E+02

Fuel

Hogged fuel (produced) lb 2.34E+02 kg 1.20E+02 8 97

Hogged fuel (purchased) lb 8.15E+01 kg 4.18E+01 9 150

Wood waste lb 4.25E+01 kg 2.18E+01 6 134

Natural gas ft3 3.96E+01 m3 1.27E+00 9 141

Liquid petroleum gas gal 4.98E-01 l 2.13E+00 8 43

Gasoline gal 9.42E-03 l 4.03E-02 9 162

Diesel gal 4.30E-01 l 1.84E+00 8 72

Packaging

Cardboard lb 2.00E-01 kg 1.02E-01 7 85

Steel strapping lb 2.94E-02 kg 1.51E-02 6 118

Plastic strapping lb 1.57E-01 kg 8.04E-02 5 102

1

All materials are given as oven-dry or solid weight.

2

These material were not included in the LCI analysis based on the 2 percent exclusion rule.

3

One outlier identified and excluded in production-weighted industry average value.


Table 8. Inputs gate-to-gate for softwood plywood in the SE

[image: image15.emf]Materials

1

Unit

Quantity per

MSF 3/8 

inch

Unit

Quantity per 

m

3

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Roundwood ft3 7.64E+01 m3 2.44E+00

lb 2.13E+03 kg 1.23E+03 8 30

Bark lb 2.08E+02 kg 1.07E+02 8 87

Phenol-formaldehyde resin

2

lb 2.86E+01 kg 1.47E+01 7 49

Extender and fillers

3

lb 5.07E+00 kg 2.60E+00 5 110

Catalyst

3

lb 3.25E-01 kg 1.67E-01 3 120

Soda ash

3

lb 8.93E-01 kg 4.58E-01 2 117

Veneer (purchased)

Veneer (dry) lb 1.88E+01 kg 9.64E+00 8 136

Veneer (green) lb 6.61E+00 kg 3.39E+00 8 205

Water

Municipal water gal 6.58E+01 l 2.81E+02 8 145

Well water gal 1.50E+01 l 6.43E+01 8 856

Recycled water gal 1.44E+01 l 6.17E+01 2 300

Total water consumption

4

gal 9.52E+01 l 4.07E+02 8 73

Electricity

Electricity

5

kWh 1.39E+02 kWh 1.58E+02 7 39

MJ 5.02E+02 MJ 5.67E+02

Fuel

Hogged fuel (produced) lb 2.87E+02 kg 1.47E+02 8 41

Hogged fuel (purchased) lb 3.41E+01 kg 1.75E+01 8 106

Wood waste lb 9.18E+01 kg 4.71E+01 7 183

Natural gas ft3 8.75E+02 m3 2.80E+01 6 107

Liquid petroleum gas gal 5.00E-01 l 2.14E+00 8 49

Gasoline gal 2.01E-02 l 8.58E-02 8 56

Diesel gal 2.88E-01 l 1.23E+00 8 80

Packaging

Cardboard lb 5.36E-03 kg 2.75E-03 2 373

Plastic wrapping lb 9.45E-03 kg 4.85E-03 2 587

Steel strapping lb 1.32E-02 kg 6.76E-03 3 412

Plastic strapping lb 8.98E-03 kg 4.60E-03 2 334

1

All materials are given as oven-dry or solid weight.

2

One mill stated the PF amount is a trade secret.

3

These material were not included in the LCI analysis based on the 2 percent exclusion rule.

4

One outlier identified and excluded in production-weighted industry average value.

5

One outlier identified and excluded in production-weighted industry average value.


Table 9. Output materials gate-to-gate for softwood plywood in the PNW
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Quantity 

per m

3

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Product

Plywood

1

lb 8.93E+02 kg 4.58E+02

Co-products

Bark lb 2.19E+02 kg 1.12E+02 7 133

Saw dust lb 1.59E+01 kg 8.14E+00 6 154

Peeler core lb 1.40E+02 kg 7.18E+01 5 70

Veneer downfall  lb 7.49E+00 kg 3.84E+00 3 306

Material

Wood Waste lb 2.64E+01 kg 1.35E+01 7 144

Ash lb 1.22E+01 kg 6.27E+00 7 111

1

Plywood density is based on weighted density of wood species mix (dry) and 80 percent of resin, filler, 

 catalyst and soda ash. The 20 percent less of the resin formula is based on the mass loss in the production 

 process and during the condensation reaction in the curing process (Wilson & Sakimoto, 2004).


Table 10. Output materials gate-to-gate for softwood plywood in the SE

[image: image17.emf]Output Materials Unit

Quantity per

MSF 3/8 

inch

Unit

Quantity 

per m

3

Mills, 

reporting

a value

(n)

Weighted

Coefficient 

of Variation

(%)

Product

Plywood

1

lb 1.01E+03

kg

5.17E+02

Co-products

Bark lb 2.08E+02 kg 1.07E+02 8 104

Saw dust lb 1.84E+01 kg 9.45E+00 4 162

Peeler core lb 2.54E+02 kg 1.30E+02 6 65

Veneer downfall  lb not tracked kg not tracked - -

Material

Wood Waste lb 5.10E+01 kg 2.61E+01 7 116

Ash lb 2.45E+01 kg 1.25E+01 8 37

1

Plywood density is based on weighted density of wood species mix (dry) and 80 percent of resin, filler, 

 catalyst and soda ash. The 20 percent less of the resin formula is based on the mass loss in the production 

 process and during the condensation reaction in the curing process (Wilson & Sakimoto, 2004).


The difference in roundwood input between the PNW and SE region (58.46 ft3 versus 76.41 ft3 per MSF 3/8 inch) is caused by two factors. In the PNW region, one of the nine surveyed mills reported the usage of purchased veneer only. In the SE region two of the eight surveyed mills reported twice the amount of veneer production than needed for their reported plywood output. The analysis without those three mills resulted to a roundwood input of 67.17 ft3 and 66.97 ft3 per MSF 3/8 inch in the PNW and SE regions respectively.
Wood Mass Balance

To verify the reported amounts of inputs and outputs, wood mass balances for both regions were conducted (Tables 11, 12).
Table 11. Wood mass balance for PNW region
[image: image18.emf]Wood Mass Balance

1

Unit

Quantity per

MSF 3/8 

inch

Unit

Quantity per 

m

3

Input

Roundwood (logs) lb 1.63E+03 kg 8.37E+02

Purchased veneer (dry) lb 8.11E+01 kg 4.16E+01

Purchased veneer (green) lb 5.83E+01 kg 2.99E+01

Total lb 1.77E+03 kg 9.08E+02

Output

Plywood

2

lb 8.70E+02 kg 4.46E+02

Hogged fuel lb 2.54E+02 kg 1.30E+02

Peeler core lb 1.40E+02 kg 7.18E+01

Clippings (green) lb 1.67E+02 kg 8.56E+01

Veneer downfall lb 7.49E+00 kg 3.84E+00

Panel trim lb 6.85E+01 kg 3.51E+01

Sawdust lb 1.59E+01 kg 8.14E+00

Wood waste boiler/ Ash lb 1.22E+01 kg 6.27E+00

Wood waste lb 2.64E+01 kg 1.35E+01

Sold veneer (dry) lb 4.17E+01 kg 2.14E+01

Lay up scrap lb 1.11E+01 kg 5.66E+00

Unaccounted wood lb 1.57E+02 kg 8.06E+01

Total lb 1.77E+03 kg 9.08E+02

1

All weights are on an oven-dry basis.

2

Plywood density is based on weighted density of wood species mix (dry).


Table 12. Wood mass balance for the SE region
[image: image19.emf]Wood Mass Balance

1

Unit

Quantity per

MSF 3/8 

inch

Unit

Quantity per 

m

3

Input

Roundwood (logs) lb 2.13E+03 kg 1.09E+03

Purchased veneer (dry) lb 1.88E+01 kg 9.64E+00

Purchased veneer (green) lb 6.61E+00 kg 3.39E+00

Total lb 2.16E+03 kg 1.11E+03

Output

Plywood

2

lb 9.81E+02 kg 5.03E+02

Hogged fuel lb 2.87E+02 kg 1.47E+02

Peeler core lb 2.54E+02 kg 1.30E+02

Clippings (green) lb 1.64E+02 kg 8.39E+01

Veneer downfall

3

lb kg

Panel trim lb 1.02E+02 kg 5.22E+01

Sawdust lb 1.84E+01 kg 9.45E+00

Wood waste boiler/ Ash lb 2.45E+01 kg 1.25E+01

Wood waste lb 5.10E+01 kg 2.61E+01

Sold veneer (dry) lb 2.73E+02 kg 1.40E+02

Lay up scrap

3

lb kg

Unaccounted wood lb 4.35E+00 kg 2.23E+00

Total lb 2.16E+03 kg 1.11E+03

1

All weights are on an oven-dry basis.

3

Not individually tracked by any participating mill in the SE region (included in Hogged fuel).

2

Plywood density is based on weighted density of wood species mix (dry).


The ‘Unaccounted wood’ describes output differences of the reported material input and output. The differences of 9 and 2% for the PNW and SE region can be caused by different MC, scaling techniques or by incorrect estimations by survey respondents.

Product Yield

The surveyed plywood mills had a wood recovery of 49 and 45% for the PNW and SE regions, respectively. This percentage was calculated based on the amount of roundwood and veneer input and the output of plywood. In a holistic yield calculation, the amount of ‘sold veneer (dry)’should be included. This reveals a total wood recovery of the surveyed mills in the PNW and SE regions of 51 and 58%, respectively. Trading activities of sawn lumber were excluded by subtracting the reported amounts from the input materials.
Manufacturing Energy Summary

The energy need for the softwood plywood manufacturing process is provided by electricity, wood-based co-products such as bark, hogged fuel, fines and trimmings, and fuels such natural gas, liquid propane gas, diesel and gasoline.

The plywood mills in the PNW and SE documented an electricity use of 128.43 and 139.41 kWh, respectively per MSF 3/8 inch basis. The electricity usage was allocated to the six production stages (Tables 13, 14).

Table 13. Electricity allocation to the production stages in the PNW region
[image: image20.emf](%)

2

kWh per

MSF 3/8 inch

MJ per

m

3

Debarking 11.24 13.60 17.46 71.05

Conditioning 12.26 14.62 18.78 76.38

Peeling and Clipping 13.37 15.73 20.20 82.18

Veneer Drying 29.79 32.15 41.29 167.97

Layup and Pressing 15.62 17.98 23.09 93.94

Trimming and Sawing 3.56 5.92 7.60 30.93

Overhead

3

14.16

Total 100.00 100.00 128.43 522.45

1

Allocation on production steps are based on documentation by nine mills.

2

Weighted allocation of "overhead" electrical load to all production stages.

3

Overhead includes electricity usage of emission control devices because the energy usage was only 

documented by one mill.

Production Stage

Survey

1

(%)

Allocation


Table 14. Electricity allocation to the production stages in the SE region
[image: image21.emf](%)

2

kWh per

MSF 3/8 inch

MJ per

m

3

Debarking 9.12 11.49 16.02 65.16

Conditioning 10.94 13.31 18.56 75.48

Peeling and Clipping 19.77 22.14 30.86 125.56

Veneer Drying 28.55 30.92 43.10 175.35

Layup and Pressing 14.37 16.74 23.34 94.93

Trimming and Sawing 3.03 5.40 7.53 30.62

Overhead

3

14.22

Total 100.00 100.00 139.41 567.11

1

Allocation on production steps are based on documentation by two mills.

2

Weighted allocation of "overhead" electrical load to all production stages.

Production Stage

Survey

1

(%)

Allocation

3

Overhead includes electricity usage of emission control devices because the energy useage was only 

documented by one of eight mills.


In both regions the veneer peeling and clipping, drying, layup and pressing were reported as the most electricity-intensive processes in the production chain.
The mills reported a total thermal energy need of 2.44E+03 MJ/ m3 and 3.80E+03 MJ/ m3 in the PNW (Table 15) and SE (Table 16) regions, respectively. The total thermal energy need was allocated to three production steps: conditioning, drying and pressing.
Table 15. Thermal energy allocation in the PNW region
[image: image22.emf]Fuel Type

Conditioning

MJ/m

3

Drying

MJ/m

3

Pressing

MJ/m

3

Total

MJ/m

3

Percent

%

Wood fuel

1

2.31E+02 1.80E+03 3.53E+02 2.39E+03 98

Natural gas

2

5.35E+00 4.17E+01 8.17E+00 5.52E+01 2

Total 2.37E+02 1.84E+03 3.61E+02 2.44E+03 100

Percent

3

 %

9.7 75.5 14.8 100

2

Energy content natural gas 54.45 MJ/kg (Puettmann et al., 2014), 80% efficiency (Wilson et al., 2004) 

3

Allocation according (Wilson et al., 2004) 

1

Includes hogged fuel self generated and purchased, saw dust, panel trim and veneer downfall.

 Energy content 20.93 MJ/kg (Puettmann et al., 2014) 67% efficiency (Wilson et al., 2004)


Table 16. Thermal energy allocation in the SE region
[image: image23.emf]Fuel Type

Conditioning

MJ/m

3

Drying

MJ/m

3

Pressing

MJ/m

3

Total

MJ/m

3

Percent

%

Wood fuel

1

2.58E+02 1.99E+03 3.35E+02 2.58E+03 68

Natural gas

2

1.22E+02 9.39E+02 1.59E+02 1.22E+03 32

Total 3.80E+02 2.93E+03 4.94E+02 3.80E+03 100

Percent

3

 %

10 77 13 100

2

Energy content natural gas 54.45 MJ/kg (Puettmann et al., 2014), 80% efficiency (Wilson et al., 2004) 

3

Allocation according (Wilson et al., 2004) 

1

Includes hogged fuel self generated and purchased, saw dust, panel trim and veneer downfall.

Energy content 20.93 MJ/kg (Puettmann et al., 2014) 67% efficiency (Wilson et al., 2004)


The difference in the required thermal energy between the PNW and SE regions is caused by three mills. In the PNW, one of the nine responding mills reported the usage of exclusively purchased veneer for the plywood manufacturing process. The use of dried veneer reduces the thermal on-site energy consumption drastically because the drying process requires more than 70% of the total thermal energy in the manufacturing process. In the SE region, two of the responding mills reported twice the amount of veneer production than needed for their reported plywood output.

The calculation of the total energy use on-site (Tables 17, 18) included renewable, non-renewable energy sources and electricity use. For the energy calculation, the higher heating value (HHV) was used. These calculations exclude energy losses caused by conversions and represent the potential energy input per functional unit.
Table 17. Fuel and electricity energy on mill site in the PNW region
[image: image24.emf]Fuel Type

1

BTU per

MSF 3/8 inch

MJ per

m

3

Renewable fuel use

Wood fuel

2

2.99E+06

3.56E+03

Non-renewable fuel use

Diesel 6.79E+04 8.10E+01

Liquid petroleum gas 9.74E+04 1.16E+02

Natural gas

3

4.63E+04 5.52E+01

Electricity use

Electricity 4.38E+05 5.22E+02

Total  3.64E+06 4.34E+03

2

Includes dry wood material such as hogged fuel self-generated and purchased, saw 

 dust, panel trim and veneer downfall. Total amount of 332.49 lb/ MSF (170.42 

 kg/m

3

) reported as thermal energy source.

3

Total natural gas usage includes emission control devices (ECDs).



1

Energy calculation based on HHV in units of MJ/kg for liquid petroleum gas 54.05, 

 natural gas 54.45, diesel 44.0, wood oven-dry 20.9. Electricity was calculated with 3.6 

 MJ/kWh. (Puettmann, et al., 2014)(Wilson, et al., 2004).


Table 18. Fuel and electricity energy on mill site in the SE region
[image: image25.emf]Fuel Type

1

BTU per

MSF 3/8 inch

MJ per

m

3

Renewable fuel use

Wood fuel

2

3.23E+06

3.85E+03

Non-renewable fuel use

Diesel 4.55E+04 5.42E+01

Liquid petroleum gas 9.76E+04 1.16E+02

Natural gas

3

4.63E+04 5.52E+01

Electricity use

Electricity 4.76E+05 5.67E+02

Total  3.89E+06 4.64E+03

2

Includes dry wood material such as hogged fuel self-generated and purchased, 

sawdust, panel trim and veneer downfall. Total amount of 358.84 lb/ MSF (183.93 

kg/m

3

) reported as thermal energy source.



1

Energy calculation based on HHV in units of MJ/kg for liquid petroleum gas 54.05, 

natural gas 54.45, diesel 44.0, wood oven-dry 20.9. Electricity was calculated with 3.6 

MJ/kWh. (Puettmann, et al., 2014) (Wilson, et al., 2004).

3

Total natural gas usage includes emission control devices (ECDs).


Manufacturing Emission Summary

The provided values for the on-site air emissions were production-weighted (Tables 19, 21) and allocated to the reported contributing production steps (Tables 20, 22).
Table 19. On-site air emissions reported by the mills in the PNW region
[image: image26.emf]Emissions

1

Unit
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3

Mills, 
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a value

(n)

Weighted
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of Variation

(%)

Acetaldehyde lb 3.16E-02 kg 1.62E-02 8 132

Acetone lb 2.17E-02 kg 1.11E-02 1

Acrolein lb 7.05E-03 kg 3.61E-03 4 87

CH

4

lb 2.56E+02 kg 1.31E+02 7 522

CO lb 3.51E+00 kg 1.80E+00 8 109

CO

2 

(biogenic) lb 6.50E+02 kg 3.33E+02 8 57

Dust lb 1.97E-01 kg 1.01E-01 2 139

Formaldehyde lb 1.74E-02 kg 8.90E-03 8 49

Methanol lb 8.19E-02 kg 4.20E-02 8 58

NOx lb 6.60E-01 kg 3.38E-01 8 76

Particulate, PM 2.5 lb 3.60E-01 kg 1.85E-01 7 104

Particulate, PM 10 lb 4.81E-01 kg 2.47E-01 9 126

Phenol lb 1.13E-03 kg 5.81E-04 4 91

Propionaldehyde lb 9.61E-03 kg 4.92E-03 1

SO

2

lb 7.09E-02 kg 3.63E-02 8 65

VOC lb 3.32E-01 kg 1.70E-01 9 62

1

Emission values based on survey results (include estimated, measured and permited values).


Table 20. On-site air emission allocation to the production steps in the PNW region
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Boiler

Veneer Drying
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Trimming and 

Sawing

Acetaldehyde 7.27E-03 1.42E-02 8.12E-03 2.01E-03

Acetone 0.00E+00 1.65E-02 4.64E-03 5.63E-04

Acrolein 2.35E-03 2.35E-03 2.35E-03 0.00E+00

CH

4

1.76E+02 8.02E+01 0.00E+00 0.00E+00

CO 2.83E+00 6.73E-01 0.00E+00 0.00E+00

CO

2 

(biogenic) 5.27E+02 1.23E+02 0.00E+00 0.00E+00

Dust 1.45E-02 1.80E-02 9.43E-02 6.99E-02

Formaldehyde 8.55E-03 3.25E-03 4.47E-03 1.09E-03

Methanol 8.69E-03 1.44E-02 3.75E-02 2.13E-02

NOx 4.78E-01 1.82E-01 0.00E+00 0.00E+00

Particulate, PM 2.5 1.32E-01 8.79E-02 9.49E-02 4.54E-02

Particulate, PM 10 1.70E-01 1.13E-01 1.36E-01 6.29E-02

Phenol 1.47E-04 1.93E-04 3.54E-04 4.40E-04

Propionaldehyde 3.21E-03 2.54E-03 3.85E-03 0.00E+00

SO

2

5.61E-02 1.48E-02 0.00E+00 0.00E+00

VOC 1.09E-01 5.96E-02 1.36E-01 2.74E-02

1

Emission allocation based on survey results.

Emissions

1

Allocation on production steps

lb per MSF 3/8 inch


Table 21. On-site air emissions reported by the mills in the SE region
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a value
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Coefficient 

of Variation

(%)

Acetaldehyde lb 4.50E-02 kg 2.30E-02 6 113

Acrolein lb 1.32E-02 kg 6.79E-03 4 96

Benzene lb 4.26E-02 kg 2.18E-02 1

CH

4

lb 1.03E-01 kg 5.27E-02 1

CO lb 5.73E+00 kg 2.94E+00 7 91

CO

2 

(biogenic) lb 2.41E+02 kg 1.24E+02 3 172

Dust lb 1.97E+00 kg 1.01E+00 1

Formaldehyde lb 6.04E-02 kg 3.09E-02 5 92

Methanol lb 1.47E-01 kg 7.53E-02 6 73

NO

x

lb 8.89E-01 kg 4.55E-01 7 74

Particulate, PM 2.5 lb 1.02E+00 kg 5.24E-01 5 78

Particulate, PM10 lb 1.17E+00 kg 6.02E-01 7 67

Phenol lb 9.51E-03 kg 4.87E-03 4 86

Propionaldehyde lb 1.00E-03 kg 5.14E-04 5 136

SO

2

lb 8.71E-02 kg 4.47E-02 6 77

VOC lb 1.07E+00 kg 5.46E-01 6 75

1

Emission values based on survey results (include estimated, measured and permited values). Acetone 

was not reported in the SE.


Table 22. On-site air emission allocation to the production steps in the SE region
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Acetaldehyde 2.87E-03 3.26E-02 8.57E-03 8.93E-04

Acrolein 7.27E-03 2.40E-03 3.57E-03 0.00E+00

Benzene 4.26E-02 0.00E+00 0.00E+00 0.00E+00

CH

4

1.00E-01 2.57E-03 0.00E+00 0.00E+00

CO 5.32E+00 4.04E-01 9.96E-03 0.00E+00

CO

2 

(biogenic) 2.33E+02 8.44E+00 0.00E+00 0.00E+00

Dust 1.28E+00 1.54E-01 9.22E-02 4.40E-01

Formaldehyde 1.75E-02 3.12E-02 1.08E-02 9.40E-04

Methanol 3.55E-03 5.56E-02 8.55E-02 2.24E-03

NOx 7.33E-01 1.56E-01 0.00E+00 0.00E+00

Particulate, PM 2.5 7.95E-01 1.04E-01 5.52E-02 6.79E-02

Particulate, PM 10 8.71E-01 1.60E-01 7.74E-02 6.62E-02

Phenol 2.35E-03 4.23E-03 1.93E-03 1.01E-03

Propionaldehyde 1.60E-04 7.23E-04 1.20E-04 0.00E+00

SO

2

8.53E-02 1.86E-03 0.00E+00 0.00E+00

VOC 1.72E-01 4.49E-01 3.48E-01 9.78E-02

1

Emission allocation based on survey results.

Allocation on production steps

lb per MSF 3/8 inch

Emissions

1


According to the allocation to the individual production steps the conditioning and drying process contribute the most emissions in both regions. These emissions are caused by the thermal energy production through boiler heating systems, which are providing hot water or steam for these processes and emission control devices.
Three mills in the PNW reported a recycle procedure of the exhaust air from the dryer towards the boiler system, which potentially contributed to the carbon dioxide (CO2) and Methane (CH4) share allocated to the drying procedure. CO2 and CH4 are commonly reported to be emitted during the thermal combustion of wood but not in the drying process Wilson et al., 2004()
. The CH4 values were in the cradle-to-gate calculation excluded because these values origin of permitted and estimated values.
The used emission control devices are regenerative thermal oxidizers (RTOs) for the reduction of volatile organic compounds (VOC’s) and electrostatic precipitators (ESPs) for the removal of particulate matter or particle pollution (PM). The usage of RTOs can result into the removal rate of more than 99.9% of VOCs, but releases nitrogen oxides compounds by burning natural gas or liquefied petroleum gas. NOx potentially increases ozone levels similar to the emission of VOC’s. ESPs are used to collect PM pollutions but are not effective in reducing VOC’s or HAP emissions Milota, 2000()
. The surveyed mills in the PNW and SE reported the installation of five RTOs and two ESPs between 2000 and 2012 in each region. The reported variation within the data set for the production year 2012 for example, 74% CVw for NOx emissions and the lack of reporting of estimates of error in the previous study do not allow an analysis of whether the use of these additional ECDs resulted into lower emissions per functional unit.
Life Cycle Impact Assessment
The considered life stages include the forestry operations (raw material acquisition stage) and the production process of plywood (manufacturing stage). Therefore, this assessment is referenced as a cradle-to-gate assessment. For primary data, the reported production-weighted values of the LCI for the production year 2012 within the gate-to-gate system boundaries were used. The secondary data included the forestry operations, specific electricity, resin Wilson, 2009()
 and fossil fuel production. The electricity data were regional-specific. The data were assessed from USLCI and Ecoinvent databases with the SimaPro 8.0 software an LCA software package, and modelled with TRACI 2.1 V1.01/US 2008 impact method Puettmann et al., 2012()
. This method excludes emission released in the combustion process of woody materials. Other emissions such as methane or nitrogen oxides are included in the calculation of the GWP Bare, 2009()
.

The SimaPro calculation model was structured as a unit process instead of a ‘black box’ model, which allows users of the data base model to separate between the production of dry veneer and the softwood plywood production. Additionally in this model building approach, a ‘generic’ wood boiler module, which covers the on-site thermal energy production of wood processing companies, was used. This model was developed within the scope of the CORRIM project. To avoid double accounting of emission values caused by the on-site thermal energy production, the boiler model and the allocated emissions for the drying, pressing and trimming production steps were used for the final calculation.
The raw material energy consumption for the production of one cubic meter of softwood plywood in the PNW (Table 23) and SE (Table 24) region was calculated.
Table 23. Raw material energy consumption for the production of one m3 softwood plywood in the PNW region
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Total

(kg/m
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Forestry 

operations
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Plywood 

production

(kg/m

3

)

Coal, in ground 2.90E+01 2.90E+01 3.60E-04

Gas, natural, in ground 1.84E+01 1.84E+01 3.23E-04

Oil, crude, in ground 1.04E+01 1.04E+01 6.14E-03

Uranium oxide, in ore 6.14E-04 6.14E-04 8.44E-09

Wood waste 2.21E+02 2.21E+02 0.00E+00


Table 24. Raw material energy consumption for the production of one m3 softwood plywood in the SE region
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Total

(kg/m

3

)

Forestry 

operations

(kg/m

3

)

Plywood 

production

(kg/m

3

)

Coal, in ground 4.68E+01 4.68E+01 3.66E-04

Gas, natural, in ground 3.04E+01 3.04E+01 1.32E-03

Oil, crude, in ground 1.04E+01 1.03E+01 5.54E-03

Uranium oxide, in ore 1.29E-03 1.29E-03 8.38E-09

Wood waste 1.84E+02 1.84E+02 0.00E+00


According to the Product Category Rules (PCR) for North American Structural and Architectural Wood products the impact categories listed in Table 25 must be reported FPInnovations, 2011()
. The results of the LCA of one cubic meter of softwood plywood produced in the PNW and SE regions are shown in Table 26 and Table 27, respectively. The results are allocated to two life cycle stages: forestry operation (raw material extraction stage) and the production of plywood (production stage) within the cradle-to-gate system boundaries.
Table 25. Impact categories required by the PCR
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Table 26. Environmental performance of one m3 softwood plywood produced in the PNW
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kg CO

2 

equiv

1.29E+02 2.06E-02 1.29E+02

Acidification potential kg SO

2

 equiv 1.43E+00 2.83E-04 1.43E+00

Eutrophication potential kg N equiv 5.02E-02 1.95E-05 5.01E-02

Ozone depletion potential kg CFC-11 equiv 1.01E-07 9.26E-13 1.01E-07

Smog potential kg O3 equiv 1.98E+01 8.88E-03 1.98E+01

Total Primary Energy consumption

Non-renewable fossil MJ 2.22E+03 2.94E-01 2.22E+03

Non-renewable nuclear MJ 2.34E+02 3.22E-03 2.34E+02

Renewable (solar, wind, hydroelectric, and geothermal) MJ 1.47E+02 4.97E-04 1.47E+02

Renewable (biomass) MJ 4.62E+03 3.03E-06 4.62E+03

Material resources consumption (Non-fuel resources)

Non-renewable materials kg 5.80E+00 5.80E+00 1.70E-05

Renewable materials kg 6.71E+02 0.00E+00 6.71E+02

Fresh water l 6.33E+02 1.96E-05 6.33E+02

Waste generated

Solid waste kg 6.28E+00 0.00E+00 6.28E+00

Impact category Unit Total

Forestry 

operations

Plywood 

production


Table 27. Environmental performance of one m3 softwood plywood produced in the SE
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kg CO

2 

equiv

1.99E+02 2.13E-02 1.99E+02

Acidification potential kg SO

2

 equiv 2.00E+00 2.87E-04 2.00E+00

Eutrophication potential kg N equiv 5.67E-02 5.65E-05 5.66E-02

Ozone depletion potential kg CFC-11 equiv 1.24E-07 1.93E-12 1.24E-07

Smog potential kg O3 equiv 2.19E+01 8.03E-03 2.19E+01

Total Primary Energy consumption

Non-renewable fossil MJ 3.33E+03 3.22E-01 3.33E+03

Non-renewable nuclear MJ 4.93E+02 3.19E-03 4.93E+02

Renewable (solar, wind, hydroelectric, and geothermal) MJ 2.95E+01 3.49E-04 2.95E+01

Renewable (biomass) MJ 3.86E+03 1.83E-08 3.86E+03

Material resources consumption (Non-fuel resources)

Non-renewable materials kg 3.02E+00 0.00E+00 3.02E+00

Renewable materials kg 7.43E+02 0.00E+00 7.43E+02

Fresh water l 7.02E+02 7.85E-08 7.02E+02

Waste generated

Solid waste kg 1.25E+01 0.00E+00 1.25E+01

Impact category Unit Total

Forestry 

operations

Plywood 

production


Carbon Balance
The carbon balance was calculated based on the production-weighted LCI results and the upstream processes. The kg CO2 released by the forestry and manufacturing processes was calculated with the SimaPro software.
The kg CO2 equivalent stored in the final product was calculated according to the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’ Puettmann et al., 2014()
. The carbon content of the wood species Birdsey, 1992()
 was weighted and showed a CO2 uptake of 51 and 53% for the PNW and SE region, respectively. To convert the carbon content of the wood into kg CO2 equivalent, a factor of 3.664 was used. This factor is based on the molar weights of 12.011 and 15.9994 for carbon and oxygen, respectively Puettmann et al., 2014()
 (Table 28, 29).
Table 28. Carbon balance of one m3 of softwood plywood produced in the PNW

[image: image35.emf]Released during forestry operations 2.06E-02

Released during manufacturing 1.29E+02

CO

2

 equiv. stored in product 8.36E+02



kg CO

2 

equivalent


Table 29. Carbon balance of one m3 of softwood plywood produced in the SE
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The 836.38 kg and 975.53 kg CO2 equivalent stored in one cubic meter of softwood plywood produced in the PNW and SE regions, responding to the carbon sequestration from the atmosphere and has therefore a positive effect on the environment.

Conclusion
The life cycle inventories (LCI) conducted for softwood plywood produced in the PNW and SE regions in the U.S. was within the gate-to-gate system boundaries.

The surveyed mills represented 75% and 34% of the total production in the PNW and SE regions, respectively, in 2012. The provided input and output data were reported as production-weighted values per functional unit of one MSF 3/8 in (0.884 m3).

The production of softwood plywood in the PNW required 58.46 ft3 (1,632 lb.) of roundwood and 139 lb. of purchased veneer (81 lb. dry veneer and 58 lb. green veneer) per functional unit (MSF 3/8 in). The total wood recovery of 51% was calculated based on the amount of wood inputs in roundwood and veneer to the output of wood in form of plywood (870 lb.) and sold dry veneer (41.75 lb.). The production of one MSF 3/8 in of softwood plywood required 2.04 million BTUs thermal energy. The production of the thermal energy was covered with 98% wood fuel and 2% natural gas. The allocation of the thermal energy need of the conditioning, drying and pressing process was allocated according to Wilson et al. (2004) because of a lack of reporting by the participating mills. The total electricity consumption was 128 kWh per functional unit and was allocated to following processes; veneer drying (32%), layup and pressing (18%), peeling clipping (16%), conditioning (15%), debarking (13%), and trimming and sawing (6%).

The production of softwood plywood in the SE required 76.41 ft3 (2,134 lb.) of roundwood and 25 lb. of purchased veneer (19 lb. dry veneer and 6 lb. green veneer) per functional unit (MSF 3/8 in). The total wood recovery 58% was calculated based on the amount of wood inputs in form of roundwood and veneer to the output of wood in form of plywood (981 lb.) and sold dry veneer (273 lb.). The production of one MSF 3/8 in of softwood plywood required 2.88 million BTUs thermal energy. The production of the thermal energy was covered with 75% hogged fuel and 25% natural gas. The allocation of the thermal energy need of the conditioning, drying and pressing process was allocated according to Wilson et al. (2004) because of a lack of reporting of the participating mills. The total electricity consumption was 139 kWh per functional unit and was allocated to following processes; veneer drying (31%), peeling and clipping (22%), layup and pressing (17%), conditioning (13%), debarking (11%), and sawing and trimming (5%).

The allocations to the individual production steps provided the basis for conducting a life cycle impact assessment with a unit process structure. SimaPro 8.0, an LCA software package, running the TRACI 2.1 V1.01/US 2008 impact method was used to calculate the environmental impact associated with the production of softwood plywood in both regions. Primary data in form of the LCI figures and secondary data for the forestry, energy and other input material production were used. The results for the softwood plywood production in the PNW show a global warming potential of 1.29E+02 kg carbon dioxide equivalent, acidification potential of 1.43E+00 kg sulfur dioxide equivalent, eutrophication potential of 5.02E-02 kg nitrogen equivalent, ozone depletion of 1.01E-07 kg trichlorofluoromethane equivalent and smog potential of 1.98E+01 kg ozone equivalent. Softwood plywood produced in the PNW stores 1631 lb. of CO2 equivalent per m3.
The results for the softwood plywood production in the SE show a global warming potential of 1.99E+02 kg carbon dioxide equivalent, acidification potential of 2.00E+00 kg sulfur dioxide equivalent, eutrophication potential of 5.67E-02 kg nitrogen equivalent, ozone depletion of 1.24E-07 kg trichlorofluoromethane equivalent and smog potential of 2.19E+01 kg ozone equivalent. Softwood plywood produced in the SE stores 1,903 lb. of CO2 equivalent per m3.
The comparison between the two product life stages: raw material extraction and the production process shows that in both regions the production process contributes the main environmental burdens in the five documented impact categories.

The calculated potential impacts should contribute to the update of the environmental product declaration of softwood plywood produced in the U.S. and should allow a fair comparison with competing products.

Recommendation for future updates

It is recommended to request the veneer recovery ratio (VRR) as a performance indicator for softwood plywood mills. This factor allows a direct comparison of actual wood input to the production output and eliminates potential over- and underrun caused by scaling methods.
Chapter 4 - Life Cycle Inventory of Oriented Strand Board Production in the United States
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Abstract
This study presents the collection and preparation of the life cycle inventory (LCI) data for oriented strand board (OSB) produced in the U.S. OSB producers were invited to provide input and output data for the production year 2012. The surveyed mills represent 33.39% of the total production output in the survey year. 

Production-weighted average values of the collected input and output data were determined, based on the functional unit of one MSF 3/8 inch basis (0.885 m3) OSB. The collected primary data cover the environmental burdens within the gate-to-gate system boundaries. The life cycle impact assessment (LCIA) from cradle-to- gate required secondary data for the forestry operations, electricity, resin Wilson, 2009()
 and thermal energy production. These data were assessed from the USLCI and Ecoinvent databases using with the SimaPro 8.0, an LCA software package, and modelled by using the ‘Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts’ (TRACI 2.1 V1.01/US 2008) impact method Bare, 2009()
.
The results of this study will contribute to the update of the environmental product declaration (EPD) for OSB and will assure compliance with the data quality requirements of the relevant classification standard the Product Category Rule (PCR) for North American Structural and Architectural Wood Products FPInnovations, 2011()
.

Introduction

Oriented Strand Board (OSB) is an engineered, wood-based panel building product. OSB is made of layers of wood ‘strands’, which are thin (mm) but a few cm wide and longer (3x) than they are wide. These strands are oriented along their long axis to provide optimal product properties in the panel. The outer layers consist of strands aligned in the long direction of the panel (typically 4’ x 8’, while the middle layer includes smaller strands that are oriented at 90 degrees to the outer layers. OSB is commonly used as wall, roof, and floor sheathing in the residential and commercial building sector FPL, 2010()
 Kline, 2004()
.


Figure 5. OSB (NPI, 2014)
Although OSB is produced in different grades and thicknesses, a commonly-used unit of volume in the industry is one thousand square feet (MSF) on a 3/8 inch basis (0.885 cubic meters) Kline, 2004()
. 

The aim of this project was to provide representative values for the inputs required for the production of OSB in the U.S. for the production year 2012 and the associated outputs and emissions. This study collected primary data within the system boundaries of the production process (gate-to-gate). For the holistic evaluation of the environmental impacts of the cradle-to-gate process, the TRACI 2.1 V1.01/US 2008 impact method Bare, 2009()
 was used, drawing on preexisting data for electricity, resin Wilson, 2009()
 and wood production.

For the primary data collection, twenty-five OSB mills in the U.S. were invited to contribute detailed production data for the assessment. The survey instrument was based on the used one in a prior study Kline, 2004()
 that was updated for current conditions. The survey instrument is included in Appendix. Of the contacted companies eight mills (32%) provided the required input and output data for the assessment. The resulting data were weight-averaged by mill production volume and allowed a detailed analysis of the environmental impacts associated with the OSB production. The results will contribute to the development of the environmental product declaration (EPD) of this wood-based building product.

The responding mills were located in the Southeast and Northeast regions and produced 3.69 billion square feet on a 3/8 inch basis, which represents 33% of the total OSB production (11.04 billion square feet 3/8 inch basis) in the U.S. APA, 2013a()
. The individual mills had a production output of about 300,000 to 650,000 MSF 3/8 inch basis and the mills ages ranged from 8 to 32 years. The mills employed 152 persons based on the production-weighted average. 

Manufacturing Process of OSB

The OSB manufacturing process can be described as eight main steps (Table 30).

According to the designated system boundaries (gate-to-gate), the following inputs, outputs and main material flows were considered (Figure 6). The thermal energy production, the thermal oil heater system, emission control (ECD) and resin wax production was considered as additional sub processes within the system boundary.

Table 30. Description of the production flow of OSB and the associated inputs and outputs of each step
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1. Debarking 

Bucking and sorting the logs on the log yard

Debarking of the logs

• Round timber

• Diesel for log loaders

• Electricity

• Debarked  logs

• Bark 

• Wood residues 

• Water emissions caused 

by water runoff from the log yard

2. Flaking

The flaking process strives to produce uniform thick strands, 

which are up to 6 inches long and about 1 inch wide

• Debarked logs

• Electricity

• Green flakes

3. Drying

Green flakes will be dried to 4-8 percent MC. The drying 

process requires thermal energy, which will be commonly 

produced by burning wood by-products and fossil energy 

sources

• Flakes (green)

• Wood fuel: Bark, Screening 

fines, OSB trimmings and other 

Wood residues 

• Natural gas

• Flakes (dry)

• Air emissions

• Airborne particles

• Volatile organic compounds 

(VOCs)

4. Screening

The screening process removes fines and too small flakes

from the material flow for subsequent manufacturing

• Flakes (dry)

• Electricity 

• Appropriate sized flakes

• Fines and particles which are 

used as fuel for the drying and 

heating press oil

5. Blending 

In the blending process strands are blended with resin binders 

and wax

• Appropriate sized flakes

• Phenol Formaldehyde (PF)

• Methylene Diphenyl 

Diioscyanate (MDI)

• Wax

• Electricity

• Blended flakes

6. Forming

The blended flakes are formed to a OSB mat with cross-

directional layers in the forming line

• Blended strands

• Electricity

• Formed OSB mat 

• Air emissions VOCs and 

Hazardous air pollutants (HAPs)

7. Pressing

The formed OSB mat is carried in a muliple opening or 

continous press where under the comination of pressure and 

tempreture a rigid and dense board is produced

• Formed OSB mat

• Thermal energy

• Electricity  

• OSB

• Air emissions VOCs, HAPs 

and formaldehyde emissions

8. Finishing 

The produced OSB boards are cooled, sawn to appropriate 

size, grade stamped, stacked in bundles, and packaged for 

shipping

• OSB

• Electricity

• Fuel for forklifts

• OSB 

• By-products such as trimmings, 

sawdust, sander dust and 

rejected boards are used as 

heating fuel or sold

• Air emssions VOCs and HAPs

Production Process
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Figure 6. System boundary and sub-unit processes of OSB production
Materials Flow

The materials considered for the LCI analysis were categorized in three main groups (Table 31).

Table 31. Input materials, co-products and products in the OSB manufacturing process
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Transportation

The participating OSB mills reported transportation data for their raw materials by both distance (one way) and mode (truck or train) (Table 32).
Table 32. Delivery distance of input materials for OSB production
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Logs (roundwood) Truck 59.85 96.32 7 43

Logs (roundwood) Train 68.00 109.44 1

Resin

2

Truck 294.70 474.27 8 82

Resin

2

Train 1288.00 2072.83 1

1

All transportation distances weight averaged and one way.

2

Weighted average value for PF, MDI and wax delivery.


The transportation distance of hogged fuel, which is an energy source for thermal energy production was assumed to be 40 mile (64.37 km).
Density Calculation

The roundwood input documented by the OSB mills was reported in green short tons. To calculate the wood input, the amount of bark was subtracted and the short tons converted to metric tons. The wood mix was represented for 67% softwood and 33% hardwood. To calculate the volume of the wood input, the species mix was weighted and densities assumed for each species according to the Wood Handbook (2010) (Table 33).
Table 33. Calculation of wood mass from logs for OSB production in the U.S.
[image: image42.emf]lb/ft

3

kg/m

3

Pine

3

73.45 31.51 23.14 370.72 7

Aspen 9.20 21.85 2.01 32.19 1

Spruce 1.02 23.10 0.24 3.78 1

Maple 4.05 30.59 1.24 19.84 2

Birch 1.02 34.33 0.35 5.62 1

Basswood 0.51 19.98 0.10 1.64 1

Oak 2.89 32.46 0.94 15.01 2

Poplar 5.62 28.72 1.61 25.86 2

Cherry 0.48 29.34 0.14 2.23 1

Beech 1.77 34.96 0.62 9.90 1

Total 100.00 30.39 486.78

1

Density according Wood Handbook 2010.

2

Wood mix percentages were provided from seven mills.

3

50% loblolly pine and 50% slash pine assumed.

Wood Species

Weighted 

Average Density

Mills, 

reporting

a value

2

(n)

Useage

acc. Survey

(%)

Density

1

(lb/ft

3

)


Assumptions

The data collection, analysis and assumptions followed protocols as defined in the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’ Puettmann et al., 2014()
. Additional considerations included:
· All survey data contributed by the eight participating OSB plants were production-weighted in comparison to the total surveyed production for the year 2012;
· The OSB board density depends on the species used and the grades, which require certain mechanical properties according to the standards. The density of the OSB boards was assumed to be 39.5 lb./ft3 (632.73 kg/m3). This density was based on informal discussion with mill personnel of three surveyed mills;
· For bark, hogged fuel, wood and wood waste (green) 50% moisture content (MC) on a dry basis was assumed. For sawdust and dry wood waste, 7% MC on a dry basis was assumed;
· The resin components were converted to the solid content based on the percentages reported in the surveys;
· The allocation of the fossil energy source is based on the information provided by the mills:

· 100% of the liquid propane gas (LPG) was used for mobile equipment and was assigned to the finishing process steps;
· 100% of diesel fuel was allocated for mobile equipment on the log yard for transporting and hauling the logs;
· 95% of the natural gas usage is allocated to the emission control and 5% for the pressing process to heat the needed thermo oil in the fuel cells;
· Unaccounted wood mass of 0.11% was established by the difference between reported input and output wood material flows (Table 36); since there was a similar weight difference between hogged fuel and bark, much of the difference may have been wood that was hogged for fuel;
· SimaPro 8.0., a software package designed for analyzing the environmental impact of products during their whole life cycle, was used to perform the life cycle analysis. SimaPro 8.0. contains a U.S. database for a number of materials, including paper products, fuels, and chemicals. In this assessment secondary data from the USLCA and EcoInvent database were used to model the LCA scenario.
Data Quality Assessment and Calculation of Inventory Data

The data quality assessment of the reported data included a standardized outlier detection method, the reporting of the sample size as ‘Mills reporting a value (n)’ and the reporting of the variation of the dataset in form of the weighted coefficient of variation (CVw). These methods are now included in the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’. In general, outliers are defined as extreme observations that can have a significant impact on calculated values. In case of the collected survey data, outliers could be values that are incorrectly reported because the true value is not known or the question was misunderstood. JMP Pro 11 statistical software was used to analyze the data set for outliers. The following example (Figure 7), shows the analysis of the reported data for ‘Hogged fuel purchased”.
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Figure 7. Distribution of reported ‘hogged fuel purchased’ of OSB production in the U.S.

Outlier is shown as dot in the box plot output (Figure 7, right). Hogged fuel describes coarse woody material for the thermal energy production. Two of the eight reporting OSB mills used purchased hogged fuel whereas the others used exclusively hogged fuel generated as a by-product from their own OSB manufacturing process. The indicated outlier was discussed and verified as a correct stated value by the mill personnel and was therefore not excluded of the calculation of the production-weighted average value. The coefficient of variation (CV) describes the variability of the data series by dividing the standard deviation by the mean Abdi, 2010()
. To be consistent with the documented production-weighted average values (1), the weighted standard deviation (2) was calculated. The weighted CVw (3) was calculated and documented for the individual values NIST, 1996()
 Toshkov, 2012()
.
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The description of the data set should provide the basis for statistical analyses of future updates with the production-weighted values of 2012.

Life Cycle Inventory Results

The survey results were compiled to calculate production-weighted average values of the input (Table 34) and output (Table 35) materials associated with the production of one MSF 3/8 inch basis of OSB.
Table 34. Input materials gate-to-gate for OSB

[image: image47.emf]Input Materials
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Unit
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(%)

Roundwood ft3 5.16E+01 m3 1.65E+00

Wood lb 1.57E+03 kg 8.04E+02 8 10

Bark lb 2.15E+02 kg 1.10E+02 8 32

Phenol-formaldehyde resin lb 2.36E+01 kg 1.21E+01 8 30

Methylene diphenyl diisocyanate resin lb 1.16E+01 kg 5.95E+00 7 56

Wax lb 7.34E+00 kg 3.76E+00 8 39

Water

Municipal water gal 1.05E+01 l 4.49E+01 3 256

Well water gal 2.06E+01 l 8.80E+01 5 131

Recycled water gal 3.12E-01 l 1.33E+00 2 407

Total water consumption gal 3.14E+01 l 1.34E+02 8 67

Electricity

Electricity kWh 1.34E+02 kWh 1.52E+02 8 17

MJ 4.83E+02 MJ 5.46E+02

Fuel

Hogged fuel (produced) lb 3.32E+02 kg 1.70E+02 8 17

Hogged fuel (purchased) lb 2.90E+01 kg 1.49E+01 8 215

Wood waste lb 3.61E+02 kg 1.85E+02 8 117

Natural gas ft3 6.73E+02 m3 2.15E+01 8 47

Liquid petroleum gas gal 6.62E-02 l 2.83E-01 7 50

Diesel gal 9.64E-02 l 4.12E-01 8 71

Gasoline gal 5.37E-03 l 2.30E-02 7 59

Packaging

Cardboard lb 3.43E-01 kg 1.76E-01 5 160

Plastic wrapping lb 3.17E-02 kg 1.62E-02 2 423

Plastic strapping lb 4.85E-02 kg 2.49E-02 3 206

Steel strapping lb 1.13E-02 kg 5.78E-03 2 301

1

All materials are given as oven-dry or solid weight.


Table 35. Output materials gate-to-gate for OSB
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Product

OSB

1

lb 1.23E+03 kg 6.33E+02

Co-products

Bark lb 3.78E+01 kg 1.94E+01 8 32

Saw dust lb 2.18E+01 kg 1.12E+01 4 141

Panel trim lb 4.96E+00 kg 2.54E+00 2 340

Material

Wood Waste lb 2.30E+01 kg 1.18E+01 5 139

Ash lb 6.54E+00 kg 3.35E+00 7 108

1

OSB density was assumed based on informative discussions with mill personal.


Wood Mass Balance

To verify the survey information in terms of the wood mass flow through the production chain a wood mass balance was conducted (Table 36). The amount of “unaccounted wood” was 0.11%. 
Table 36. Wood mass balance for OSB
[image: image49.emf]Wood Mass Balance

1

Unit

Quantity per

MSF 3/8

inch

Unit

Quantity per 

m

3

Input

Roundwood (logs) lb 1.57E+03 kg 8.04E+02

Hogged fuel (purchased) lb 2.90E+01 kg 1.49E+01

Total lb 1.60E+03 kg 8.19E+02

Output

OSB (wood)

2

lb 1.19E+03 kg 6.11E+02

Hogged fuel (sold) lb 3.78E+01 kg 1.94E+01

Hogged fuel (produced) lb 2.95E+02 kg 1.51E+02

Wood waste (sold) lb 2.30E+01 kg 1.18E+01

Wood waste (produced) lb 1.95E+01 kg 1.00E+01

Saw dust lb 2.18E+01 kg 1.12E+01

Panel trim lb 4.96E+00 kg 2.54E+00

Wood ash lb 6.54E+00 kg 3.35E+00

Unaccounted wood lb -1.70E+00 kg -8.71E-01

Total lb 1.60E+03 kg 8.19E+02

1

All weights are on an oven-dry basis

2

Woodmass was calculated based on assumed OSB weight (632.73 kg/m

3

) minus 

 80 percent of total use of resin, filler, catalyst and soda ash. The 20 percent less

 of the resin formula is based on the mass loss in the production process and during the

 condensation reaction in the curing process according (Kline, 2004).


Product Yield

The wood recovery in the surveyed OSB plants was 75%. This figure was calculated based on the roundwood input and the output of wood in form of OSB. The production of one MSF 3/8 inch basis OSB required a total roundwood input of 51.62 ft3 (1.65 m3) or 1568.66 lb. (804.03 kg) of logs. The weight of the wood input was calculated based on the volume and wood densities (Table 33).
Manufacturing Energy Summary 
The energy need for the manufacturing process of OSB is provided in form of electricity, wood-based co-products such as bark, hogged fuel, fines and trimmings, and fossil fuel energy sources such as natural gas, liquid propane gas, diesel and gasoline. The fossil fuel sources were allocated according to the assumptions. The electricity use of 134.12 kWh (545.62 MJ) per produced MSF 3/8 inch basis was allocated to the individual production stages, based on estimates provided by the surveyed mills (Table 37).

Table 37. Electricity allocation to production stages for OSB
[image: image50.emf](%)

1

kWh per

MSF 3/8 inch

MJ per

m

3

Debarking 6.90 9.44 12.67 51.52

Flaking 18.36 20.90 28.04 114.05

Drying 5.80 8.34 11.19 45.52

Screening 4.85 7.39 9.92 40.34

Blending 4.70 7.24 9.72 39.52

Forming 5.70 8.24 11.06 44.98

Pressing 16.50 19.04 25.54 103.90

Finishing 4.36 6.90 9.26 37.67

Emission Control

2

9.94 12.48 16.74 68.11

Overhead 22.89

Total 100.00 100.00 134.12 545.62

1

Weighted allocation of overhead electrical load to all production stages

2

Electricity useage for ECDs based on documentation by two mills

Production Stage

Survey

(%)

Allocation


The OSB mills reported a total thermal energy need of 2.57E+03 MJ/ m3. This is based on the production-weighted input values allocated according to the stated usage in the drying and pressing processes (Table 38).

Table 38. Thermal energy allocation to the production stages of OSB
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Drying

MJ/m

3

Pressing

MJ/m

3

Total

MJ/m

3

Percent

%

Wood fuel

1

2.39E+03 2.39E+03 93

Natural gas

2

1.32E+02 5.51E+01 1.87E+02 7

Total 2.52E+03 5.51E+01 2.57E+03 100

Percent % 98 2 100

1

Includes hogged fuel, wood waste, saw dust and panel trim. Energy content 20.93 MJ/kg 

(Puettmann et al., 2014) 67 percent  boiler efficiency (Wilson et al., 2004)

2

Energy content natural gas 54.45 MJ/m

3

 (Puettmann et al., 2014), 80 percent conversion 

efficiency (Wilson et al., 2004). 80 percent of total natural gas input was reported for Emission 

control devices (ECD).


The calculation of the total energy use on-site (Table 39) includes renewable, non-renewable energy sources and electricity use. For the energy calculation, the higher heating value (HHV) was used. These calculations exclude energy losses caused by conversions and represent the potential energy input per functional unit.

Table 39. Fuel and electricity energy on mill site for OSB
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1

BTU per
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MJ per

m

3

Renewable fuel use

Wood fuel

2

3.07E+06

3.66E+03

Non-renewable fuel use

Diesel 1.52E+04 1.81E+01

Liquid petroleum gas 1.29E+04 1.54E+01

Natural gas

3

9.83E+05 1.17E+03

Electricity use

Electricity 4.58E+05 5.46E+02

Total  4.54E+06 5.41E+03

1

Energy calculation based on HHV in units of MJ/kg for liquid petroleum gas 54.05, 

 natural gas 54.45, diesel 44.0, wood oven-dry 20.9. Electricity was calculated with 3.6 

 MJ/kWh. (Puettmann, et al., 2014)(Wilson, et al., 2004).

2

Hogged fuel 340.83 lb/ MSF (174.68 kg/m

3

) reported as thermal energy source.

3

Total natural gas usage includes emission control devices (ECDs).


Manufacturing Emission Summary

The provided values for the on-site air emission were production-weighted (Table 40) and allocated to contributing production steps (Table 41).

Table 40. On-site air emissions reported by the OSB mills
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Acetaldehyde lb 1.36E-02 kg 6.99E-03 8 98

Acetone lb 4.12E-03 kg 2.11E-03 4 147

Acrolein lb 4.00E-03 kg 2.05E-03 7 114

CO lb 5.61E-01 kg 2.88E-01 8 85

CO

2 

(biogenic) lb 6.46E+01 kg 3.31E+01 4 105

Formaldehyde lb 3.14E-02 kg 1.61E-02 8 58

MDI lb 1.90E-04 kg 9.75E-05 5 123

Methanol lb 6.18E-02 kg 3.17E-02 7 90

NO

x

lb 4.86E-01 kg 2.49E-01 8 42

Particulate, PM 2.5 lb 1.41E-01 kg 7.25E-02 7 84

Particulate, PM 10 lb 2.33E-01 kg 1.20E-01 8 38

Phenol lb 5.20E-03 kg 2.66E-03 6 116

Propionaldehyde lb 2.18E-03 kg 1.12E-03 7 191

SO

2

lb 5.10E-02 kg 2.62E-02 8 67

VOC lb 4.97E-01 kg 2.55E-01 8 81

1

Emission values based on survey results.


According to the allocation to the individual production steps, the drying process contributes the most emissions. These are caused by the thermal energy production through the direct fired process and by the emission control devices. The eight surveyed OSB mills reported the implementation of three regenerative thermal oxidizers (RTOs) and one electrostatic precipitator (ESP) between 1999 and 2012. The mills stated that the RTOs consume 80% (Table 38) of the total natural gas usage. The ESP (based on information from two mills) consumed about 13% of the total electricity usage. Kline (2004) stated that RTOs are very effective in removing particulate matter (PM), CO and VOCs from process air. Hence the additional energy input results into an overall increase of other greenhouse gases such as CO2, SO2, NOx and methane.
Table 41. On-site air emission allocation to the production steps for OSB
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Acetaldehyde 1.15E-02 2.10E-03 0.00E+00

Acetone 3.06E-03 1.05E-03 0.00E+00

Acrolein 3.29E-03 7.05E-04 0.00E+00

CO 5.02E-01 2.81E-02 3.13E-02

CO

2 

(biogenic)

4.71E+01 1.75E+01 0.00E+00

Formaldehyde 2.15E-02 6.27E-03 3.56E-03

MDI 8.41E-05 3.98E-05 6.64E-05

Methanol 2.35E-02 1.61E-02 2.22E-02

NO

x

3.82E-01 9.03E-02 1.35E-02

Particulate, PM 2.5 8.99E-02 2.10E-02 3.05E-02

Particulate, PM 10 1.28E-01 5.49E-02 5.00E-02

Phenol 2.33E-03 2.87E-03 0.00E+00

Propionaldehyde 1.23E-03 9.50E-04 0.00E+00

SO

2

4.06E-02 9.96E-03 4.73E-04

VOC 2.39E-01 7.13E-02 1.86E-01

1

Emission allocation based on survey results.

Allocation on production steps

lb per MSF 3/8 inch

Emissions

1


The reported variation within the data set for the production year 2012 for example, 42% CVw for NOx emissions and the lack of estimates of error in the previous study do not allow an analysis of whether the differences are real.
Life Cycle Impact Assessment

A life cycle impact assessment for the production of one m3 of OSB produced in the U.S. required primary and secondary data. The considered life stages include the forestry operations and the production process of OSB (cradle-to-gate). The reported production-weighted values of the LCI for the production year 2012 within the gate-to-gate system were used as primary data. The secondary data included the forestry operations, electricity, resin Wilson, 2009()
 and fossil fuel production from the USLCI and Athena database. These data were combined with the primary data and modelled with SimaPro 8.0, an LCA software package, by using the TRACI 2.1 V1.01/US 2008 impact method in a ‘black box’ approach. The TRACI 2.1 V1.01/US 2008 method excludes emission released in the combustion process of woody materials. Other emissions such as methane or nitrogen oxides are included in the calculation of the GWP Puettmann et al., 2014()
. The ‘black box’ approach has a lack of modeling individual production steps along the production chain. This approach is justified by the absence of final processed goods within the production chain.

The raw material energy consumption for the production of one m3 OSB was calculated (Table 42).

Table 42. Raw material energy consumption for the production of one m3 OSB
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3

)

Coal, in ground 4.48E+01 4.18E-01 4.43E+01

Gas, natural, in ground 3.11E+01 0.00E+00 4.96E+00

Oil, crude, in ground 1.11E+01 1.32E+00 9.78E+00

Uranium oxide, in ore 1.27E-03 9.74E-06 1.26E-03

Wood waste 1.85E+02 0.00E+00 1.85E+02


According to the Product Category Rules (PCR) for North American Structural and Architectural Wood products the impact categories listed in Table 43 must be reported FPInnovations, 2011()
. The result of the LCA of one cubic meter of OSB is shown in Table 44. The results are allocated to two life cycle stages: forestry operation (raw material extraction stage) and the production of OSB (production stage) within the cradle-to-gate system boundaries.

Table 43. Impact categories required by the PCR
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Releases to air potentially 
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water bodies
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nitrogen or phosphorus. Eutrophication potential of 
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Eutrophication

Releases to air decreasing 

or thinning of ozone layer

Calculate the total ozone forming chemicals in the 
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Impact Indicator Characterization Model Impact Category


Table 44. Environmental performance of one m3 OSB

[image: image57.emf]Global warming potential (GWP)

kg CO

2 

equiv

2.07E+02 2.47E+01 1.82E+02

Acidification potential kg SO

2

 equiv 2.12E+00 3.26E-01 1.79E+00

Eutrophication potential kg N equiv 9.97E-02 5.28E-02 4.69E-02

Ozone depletion potential kg CFC-11 equiv 6.34E-07 1.92E-09 6.32E-07

Smog potential kg O3 equiv 2.77E+01 9.41E+00 1.83E+01

Total Primary Energy consumption

Non-renewable fossil MJ 3.35E+03 1.34E+02 3.22E+03

Non-renewable nuclear MJ 4.82E+02 3.71E+00 4.78E+02

Renewable (solar, wind, hydroelectric, and geothermal) MJ 5.13E+01 4.35E-01 5.09E+01

Renewable (biomass) MJ 3.88E+03 1.55E-05 3.88E+03

Material resources consumption (Non-fuel resources)

Non-renewable materials kg 4.81E+00 0.00E+00 4.81E+00

Renewable materials kg 5.22E+02 0.00E+00 5.22E+02

Fresh water l 1.56E+02 1.56E+02 6.66E-05

Waste generated

Solid waste kg 3.36E+00 0.00E+00 3.36E+00

Impact category Unit Total

OSB 

production

Forestry 

operations


Sensitivity Analysis

A sensitivity analysis should reveal the effects of choices in a systematic procedure ISO, 2006b()
. The trends in the OSB industry to substitute the commonly used PF resin with MDI resin systems provides an example to illustrate the changes of the environmental performance of the final product caused by this shift. The calculation was conducted with the SimaPro model and the production-weighted LCI results for the production year 2012. An alternative scenario with an exclusive usage of MDI resin was developed. The share of PF resin was replaced with 30% less MDI resin input. This lower input per functional unit originates from the advantages of MDI such as higher bonding properties and higher moisture resistance, which allow a lower dosage to produce OSB boards with the same properties WBPI, 2012()
. The chosen percentage is based on discussions with experts from the industry and resin suppliers, who stated a possible reduction between 25 to 42% of MDI resin. The two models were referenced with “case 1”, which describes the reported resin mix 2012 and “case 2”, which describes the exclusive MDI resin usage. The comparison of the two cases was based on the required primary energy sources (Table 45) and the calculated environmental impact caused by the resin input (Table 46).
Table 45. Primary energy sources required for case 1 and case 2

[image: image58.emf]Fuel

Case 1

MJ per m

3

Case 2

MJ per m

3

Change

1

%

Coal, in ground 7.37E+01 9.81E+01 33

Gas, natural, in ground 6.61E+02 5.71E+02 -14

Oil, crude, in gound 2.61E+02 2.76E+02 6

Uranium oxide, in ore 2.34E+01 0.00E+00 -100

Renewable

2

1.50E+01 3.56E+01 137

Total 1.03E+03 9.80E+02 -5

1

Higher source usage demonstrated with positive percentages.

2

Includes biomass, hydro, geothermal, wind and solar power.


Table 46. Sensitivity results of environmental impacts of case 1 and case 2

[image: image59.emf]Impact category Unit

Case 1

m

3

Case 2

m

3

Change

1

%

Global warming potential (GWP)

kg CO

2 

equiv

2.50E+01 3.35E+01 34

Acidification potential kg SO

2

 equiv 2.24E-01 1.39E-01 -38

Eutrophication potential kg N equiv 1.63E-02 4.21E-03 -74

Ozone depletion potential kg CFC-11 equiv 6.78E-07 1.43E-06 110

Smog potential kg O3 equiv 1.37E+00 1.43E+00 4

1

Potential impact increase demonstrated by positive percentages.


The analyses show that the compensation of the currently used PF resin with MDI has an impact on the primary energy consumption and the calculated environmental impact categories. The overall primary energy need is 5% lower in “case 2”, but an environmental impact calculation including all the upstream processes shows a higher value in three of the five reported impact categories.
Carbon Balance
The carbon balance was calculated based on the production-weighted LCI results and the upstream processes. The released kg CO2 of the forestry and manufacturing procedure was calculated with the SimaPro software. The kg CO2 equivalent stored in the final product was calculated according to the ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products’ Puettmann et al., 2014()
. The carbon content of the reported species Birdsey, 1992()
 was weighted and showed a CO2 uptake of 51%. To convert the CO2 uptake into kg CO2 equivalent the factor 3.664 was used. This factor is based on the molar weight of 12.011 and 15.9994 for carbon and oxygen, respectively Puettmann et al., 2014()
 (Table 47).
Table 47. Carbon balance of one m3 of OSB

[image: image60.emf]Released during forestry operations

2.47E+01

Released during manufacturing

1.82E+02

CO

2

 equiv. stored in product 1.05E+03

kg CO

2 

equivalent


The 1053.61 kg CO2 equivalent stored in one cubic meter OSB contributes to the carbon sequestration from the atmosphere and has therefore a positive effect on the environment.
Conclusion
The conducted life cycle inventory (LCI) for OSB produced in the U.S. was within the gate-to-gate system boundaries. The surveyed mills represented 33% of the total OSB production in the U.S. The provided input and output data were reported as production-weighted values per functional unit of one MSF 3/8 inch (0.884 m3). The production of OSB in the U.S. required 51.62 ft3 (1,567 lb.) of roundwood. A wood recovery of 75% was calculated based on the amount of roundwood input to the output of wood in form of OSB (1,192 lb.) per functional unit. The production of one MSF 3/8 in of OSB required 2.17 million BTU’s thermal energy, which was provided by with 95% wood fuel and 5% natural gas. The total electricity consumption was 134 kWh per functional unit and was allocated on following production steps; flaking (21%), pressing (19%), debarking (9%), drying (8%), forming (8%), blending (7%), screening (7%), and finishing (7%). The remaining 12% of electricity was used for the emission control devices (ECD’s) such as electrostatic precipitator (ESPs). Gas driven ECD’s such as regenerative thermal oxidizers (RTOs) are also the main consumers (80%) of the total reported natural gas.

For the evaluation of the environmental performance within the gradle-to-gate system boundary of OSB produced in the U.S., SimaPro 8.0, an LCA software package was used with the TRACI 2.1 V1.01/US 2008 impact method Bare, 2009()
. The calculation of the environmental impact associated with the production of OSB required primary data in form of the LCI figures and secondary data for the forestry, energy and other input material production. The results of the evaluation of the OSB production in the U.S. shows a global warming potential of 2.07E+02 kg carbon dioxide equivalent, acidification potential of 2.12E+00 kg sulfur dioxide equivalent, eutrophication potential of 9.97E-02 kg nitrogen equivalent, ozone depletion of 6.34E-07 kg trichlorofluoromethane equivalent and smog potential of 2.77E+01 kg ozone equivalent. OSB produced in the U.S. stores 2,056 lb. of CO2 equivalent per m3.

The comparison between the two product life stages: raw material extraction and the production process shows that the production process contributes the main environmental burdens in the five documented impact categories.

The calculated potential impacts should contribute to the update of the environmental product declaration of OSB produced in the U.S. and should allow a fair comparison with competing products.

Chapter 5 - Life Cycle Assessment and Analysis of the Structual Wood Panel Industries over Time
A similar version of this chapter has been submitted for publication as: 

Kaestner, D., Taylor, A., Young, T., Puettmann, M., Petutschnigg A. Life Cycle Assessment and Analysis of the Structural Wood Panel Industries over Time. Pending Publication in Forest Products Journal 2015.

Dominik Kaestner is the principal investigator and primary author. The members of the committee are listed as co-authors because they provided guidance in conducting the research and writing this publication.

Abstract
This study investigates the use of successive life cycle assessments to assess changes in the wood panel industries over time. The evaluation was based on a comparison of life cycle inventory (LCI) data prepared at different times and discussions with experts from the industries.

The LCI data sets considered included the softwood plywood and the oriented strand board (OSB) industries in the U.S. Discussions with mill personal and experts from the industries revealed that several factors such as changes in the economic or market environment, law or regulation changes, developments or new manufacturing technologies contributed to changes in the industries over time that are reflected in changes in the LCI data. However, the primary data collection process itself can result in LCI differences based on different mill respondents.
This study shows that differences in data from successive LCI studies may indicate changes in the industry. However, these apparent changes must be verified through discussion with industry experts.
Introduction

The approach in this study was to attempt to analyze changes in the softwood plywood and oriented strand board (OSB) industries in the U.S. over time. The bases for these comparisons are life cycle inventory (LCI) data sets and qualitative evidence discussed with professionals from the industries. 

Miel et al. (2007) assessed wood product processing technology advancements using LCI data from CORRIM I (1970) and the update of the CORRIM II (1999/2000) study. They found a 7% higher recovery efficiency in the plywood industry in 2000 compared to 1970. They stated that this improvement “… is surprising given the decrease in the size and quality of logs; for example, in the PNW peeler log, diameter has decreased by at least 4 inches”. Possible explanations included the usage of better lathe technology, which allows to reduce the peeler core, the use of power drive rolls, which in combination with the sounder wood structure origin from the smaller diameter with less core rot reduces ‘lathe spinout’ and increases efficiency. However, there is the potential for erroneous analysis using this approach, for example, if the apparent differences amongst average values are small compared with the variability in the data, or if the data collected in any one survey period are non-representative in some respect.
An environmental product declaration (EPD) is a standardized summary of LCA data, which describes the environmental burdens associated with the production of a functional unit. The functional unit is a commonly used unit of the considered product or service, for example, one thousand square feet, 3/8 inch thick (MSF 3/8 inch) in the case of softwood plywood and OSB. This functional unit allows a fair comparison of the environmental impacts of these and possible alternative products. The environmental burdens are expressed in commonly used impact categories such as global warming potential (GWP). The methods, units and assumptions for the preparation of the EPD are defined in the Product Category Rules (PCR). The category rules for softwood plywood and OSB is the PCR for North American Structural and Architectural Wood Products FPInnovations, 2011()
. This guideline requires an update of the LCI data in a cycle of ten years to ensure representativeness of the values. LCIs were conducted for the production years 1999 for OSB and 2000 for softwood plywood. Therefore, updated LCAs are now required to ensure conformity with the PCR and these updates are underway. Updates of previous studies may also allow analysis of changes in the industries between the studies. The objective of this paper is to investigate if changes in successive LCI datasets can provide useful perspectives on changes in the OSB and plywood industries. For softwood plywood the LCI data for the production year 2000 and 2012 were compared. For the OSB industry, the LCI data of the production years 1999 and 2012 were considered.
Data from Successive Life Cycle Inventories
All data sets were compiled following the ‘Guidelines for Performing Life Cycle Inventories on Wood Products’ Puettmann et al., 2014()
. The LCI reports are collections of input and output data within the manufacturing stages. Data from CORRIM I NRC, 1976()
, CORRIM II Wilson et al., 2004()
 Kline, 2004()
 and the most recent update are summarized in Tables 48 and 49. To ensure consistency with the previous reported data the contribution of softwood plywood producers of the PNW (53%) and SE (47%) regions for the production year 2012 were equally weighted.
Table 48. Comparison of industry average values of softwood plywood production

[image: image61.emf]Unit 1970 2000

1

2012

1

Roundwood lb 2079.57 1943.52 1863.23

Phenol-formaldehyde resin lb 20.60 17.91 24.23

Electricity kWh 130.00 135.35

Input Materials

per MSF 3/8 inch Basis

Softwood Plywood

1

Equal production level for the PNW and SE region assumed to maintain comparability 

with reported values from 1970.


Table 49. Comparison of industry average values of OSB production

[image: image62.emf]Unit 1970 1999 2012

Roundwood lb 1588.38 1566.00 1568.66

Phenol-formaldehyde resin lb 60.00 54.40 23.59

Methylene diphenyl diisocyanate resin lb 8.16 11.60

Wax lb 12.00 19.30 7.34

Electricity kWh 182.00 134.12

Input Materials

per MSF 3/8 inch Basis

Oriented strand board


Tables 48 and 49 indicate differences in average input values for both products, for example, the amount of phenol formaldehyde (PF) resin has apparently increased in plywood production, but decreased in OSB production, between the previous and current updates. However, whether these apparent differences reflect real changes in the industry is uncertain. To help resolve this uncertainty going forward, descriptive statistic such as the weighted coefficient of variation (CVw) and the documentation of ‘Mills reporting a value (n)’ were included in the most recent update and will be calculated in the future. This should provide the basis for statistical evaluation of updates in the future to answer questions about whether apparent differences reflect real changes in the industry. 

Comparison of Life Cycle Inventory Results of 1999/00-2012
The large amount of variation within the data reported for 2012 shows that small differences in average values between successive LCI studies may not reflect real trends in the industry but rather differences due to sampling uncertainty. For example, Figure 8 shows the variability in 2012 data (as represented by box plots) for three important inputs compared with the average values reported for the year 2000, which is symbolized with the 100% line.
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Figure 8. Normalized input materials in % for softwood plywood LCI for 2012
The data set for the production year 2012 with its variation straddles in all three considered groups the documented production-weighted values of 2000. This suggests little evidence for changes in the softwood plywood industry in these three inputs over time.

The following box plot demonstrates the distribution of the LCI’s data of OSB for the production year 2012 normalized to the documented values for the production year 1999 (Figure 9).
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Figure 9. Normalized input materials in % for OSB LCI for 2012
The comparison of the LCI data for 1999 and 2012 shows that roundwood and PMDI resin input straddles the average production-weighted values of 1999. The other input materials such as PF resin, wax and electricity usage per functional unit are lower compared to the production-weighted input in 1999. The lower wax usage could be a result of increased production of “industrial” also called “furniture” grade.

The lower value for PF resin and the big variation of PMDI usage require a more in depth analysis of these components. Therefore, the total resin usage (PF and PMDI combined) were compared with the production-weighted average from 1999 (Figure 10). This approach is justified by the fact that the two different resin systems are commonly combined in the production of OSB boards.
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Figure 10. Normalized total resin usage for OSB production for 2012
The reported total resin usage per functional unit in 2012 is lower compared to the production-weighted input in 1999. The lack of statistical descriptions of the previous LCI data sets make a statistical comparison of the successive data sets impossible; however, in the future when uncertainty measurements are provided with the average values, standard statistical test can be employed.

Successive LCI reports have shown differences in average values and high variation amongst the reporting mills. Therefore, the apparent trends in the LCI data over time should be considered within the context of other factors that are affecting the industry.

Potential Factors for Changes in Life Cycle Inventory Results
Developments such as the harsh economic environment caused by the economic crises in 2006 and its aftermaths, efforts to enter new market segments, the lowering of maximum allowed emissions caused from the production process and further development of resin technology could be contributors for changes in the wood-based panel industries reflected in the LCI results.
Production versus Capacity
The utilization of the available production capacity is an important key figure for comparisons and can also have an impact on the LCA results. Softwood plywood and OSB producers are directly linked to the commercial and residential building industries because 52% and 72% of softwood plywood and OSB produced in the U.S. is used in construction APA, 2013a()
. Therefore, the economic crises and its impact on the building sector resulted into a drastic change within the wood structural panel industries in the U.S. The plywood industry used 94% of the available production capacity in 2000 but only 76% in 2012. In addition the available production capacity of softwood plywood in the U.S. reduced by 35% over those twelve years. The OSB industry used 95% of the available production capacity in 1999 and 68% in 2012. Although the total OSB production capacity has increased by 33%, there was a decreased actual production output by 5% within the thirteen years APA, 2013a()
.
Puettmann et al. (2012a) stated that based on “the collapse of the U.S. housing market, a lot of smaller inefficient mills were closed during 2006-2010”. This trend may be refelected in the output per employee. The documented weighted average output of softwood plywood in the production years 2000 and 2012 was 658 and 812 MSF 3/8 inch basis per employee.
Effects of the utilization rate on the representative LCI values can be caused by non-linear processes in the production chain. Although input materials may have a linear increase of amount proportional to the prodution output, the per unit energy input may be disproportional affected when the same machinery is used at higher or lower production rates.
According to the survey results, eleven of seventeen softwood plywood mills and four of eight OSB mills are tracking electricity usage within the individual production steps. These details allow a ‘sub-unit’ model instead of a ‘black box’ calculation model. The ‘sub-unit model’ could help to reveal trends based on the individual production steps, which are potentially covered by the data variability of the total input values. A possible example is the reduction of press temperature by alternative gluing systems, which results into savings of energy sources such as hogged fuel and natural gas. If this reduction is associated with changes in emission regulations, which requires an increase of natural gas usage in the emission control devices, this trend would not have been visible in the ‘black box model’ and in the overall LCI results.

Efforts to Enter New Market Segments

In the 2012 LCI update, a lower wax usage per functional unit was reported (Figure 8). This could be because, as the demand for wood-based building panels for the sheathing applications was down in the building sector, many of the mills tried to shift towards the production of “industrial” or “furniture grade”. These grades describe the application of OSB panels for upholstered furniture frames, core stock for industrial grade tables and other applications “… without specific appearance or surface properties” SBA, 2007()
. Although the total panel use in furniture production and manufacturers in the U.S. decreased about 30% between 2005 and 2012, OSB use overall increased significantly. In 2005 about 0.4% of the U.S. furniture manufacturers reported the usage of OSB. Seven years later 34% of the producers reported the usage of OSB APA, 2013b()
. This shift, particularly in the OSB industry, allowed some modifications in the production process because of the different applications without the need to resist severe conditions. This shift provided a cost reduction potential because of a reduction of the wax content.
Changes in Emission Regulations

Changes in emission regulations by the United States Environmental Protection Agency (EPA) towards lower maximum emission values for ‘Industrial/Commercial/Institutional Boilers and Process Heaters’ had a direct effect on the wood industries. Within the years of the compared CORRIM studies, several updates were discussed and finalized EPA, 2014a()
, which required the implementation of emission control devices (ECDs) by wood processing companies. To describe the changes of the regulations in detail is beyond the scope of this paper, but according to the survey information twelve of seventeen plywood mills and four of eight OSB mills documented the installation of at least one ECD in the years between 1999 and 2012.

The employment of ECDs requires a significant amount of gas or electricity to reduce hazardous air pollutants (HAPs), volatile organic compounds (VOCs) and PM produced in the thermal energy production and the wood drying process.
The introduction of ECDs to fulfill tightened emission regulations should therefore be mirrored in higher consumption of these energy sources in LCIs. A comparison of these energy sources in the context of the recent LCIs results is shown in Table 50.
Table 50. Comparison potential energy sources emission control devices
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Electricity kWh 2.06E+02 1.52E+02 1.57E+02 1.45E+02 1.38E+02 1.58E+02

Natural gas

m

3

2.39E+01 2.15E+01 5.22E+00 1.27E+00 7.74E+00 2.80E+01

Liquid petroleum gas l 3.03E+00 2.83E-01 1.54E+00 2.13E+00 1.80E+00 2.14E+00

Potential Energy Sources ECDs Unit
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The results of this comparison show a lower usage of potential energy source for ECDs in the OSB industry. Softwood plywood in the PNW reported also lower values per functional unit except for LPG, which increased 28%, compared to the LCIs data from 2000. The softwood plywood producers in the SE reported higher values in the three potential energy sources compared to the LCIs data from 2000. Besides the potential influence factor of extensive production of ‘sold veneer’ (139 kg per m3 softwood plywood) in the SE the variability within the data and different mill responses can contribute to these apparent differences.

Developments in Resin Technology
Improved blending technology should allow a lower resin input per functional unit according to experts from the OSB industry. The mills’ specific resin formulation and the associated large variation within the data sets was discussed in the comparison of the LCI results from 1999 and 2012 (Figure 9). According to the literature, MDI has a faster curing process, which allows an increase of production speed resulting into higher production output FPL, 2010()
. Experts of the OSB industry emphasized that this trend is real because MDI is more robust to typical process variation such as moisture content in wood, tolerates higher moisture content in the wood during the manufacturing process than PF resin systems, allows higher physical performance based on the combination of mechanical and chemical bond, and ensures a higher moisture resistance of the final product WBPI, 2012()
.
The on-going discussion regarding formaldehyde emissions caused by PF resin systems in wood composites is likely a minor reason for softwood plywood and OSB producers to shift towards MDI. Structural wood panels are meeting, or are exempt from, the leading formaldehyde emission standards such as regulations of the U.S. Department of Housing and Urban Development (HUD), California Air Resources Board (CARB) and the Japanese Agricultural Standards (JAS) APA, 2014()
.

Despite further developments of MDI resin systems, including release agents, none of the eight OSB mills reported the usage of MDI exclusively. The mills reported different ratios between the resin systems in the outer and middle layer; seven reported the usage of MDI only in the middle layer; one mill reported the usage of PF binders only. Mill personnel stated that this combination of two resin systems should avoid problems with sticking of MDI on contact surfaces in the production process.
Despite the mentioned advantages of MDI, it is more costly FPL, 2010()
 and has a different environmental performance than PF resin systems. A comparison in form of a sensitivity analysis, which assumed the exclusive usage of MDI by replacing the PF share with 30% less MDI should provide a functional equivalence of the final product and illustrates potential environmental impacts of the shift towards isocyanate based resin systems. The stated percentage was based on information from experts that stated a possible reduction of 24 to 42% of MDI resin input by ensuring the same mechanical properties of the final product. Table 51 shows the comparison of “case1”, which describes the reported resin mix 2012 and “case 2”, which describes the exclusive MDI resin usage.
Table 51. Sensitivity results of environmental impacts of case1 and case2
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Potential impact increase demonstrated by positive percentages.


The comparison shows an increase of the potential environmental impact in three of the five required potential environmental impacts according to the PCR.

The efforts of wood-based panel producers in the U.S. to be competitive on the global market demands continuous optimizations of the inputs and the production process to reduce costs. This trend, which is economically driven, can also have an impact on the environmental performance of the final product. Hence, one can state that there is a direct linkage between the economic and ecological nature of the final product because a lower input of resources results in general to a lower environmental impact.

Conclusion
The analysis of this study emphasizes the need for the holistic consideration of processes to evaluate changes in industries over time. It is difficult to identify and analyze changes over time exclusively based on the LCI results or the calculated environmental impact because several factors can influence these data.

Differences can result from changes in the economic or market environment, law or regulation changes, developments or new manufacturing technologies and survey responses. These differences may be reflected in changes in average reported values for inputs such as roundwood, resin, wax and energy sources.

The use of a functional unit allows the comparison of competing products although it can result into a loss of information by ‘normalizing’ individual products into this unit. Attributes such as grades and density differences based on specific thicknesses of the final product can get lost. Another example is the ‘furniture or industry’ quality in OSB, which does not require wax input versus the usage in the traditional applications of the board. Trends that affect the key figures may not be traceable by comparing only the functional units without considering other potential factors.
Statistical comparison methods can provide evidence that the data sets are different beyond the variation of the individual data sets. However, these tools require a statistical description of the data sets, which are not available for the data sets of the previous studies. The need for documenting the estimates of error is underlined by incorporating these into the updated ‘CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products 2014’.
Even when estimates of error are available, the potential bias of different responding companies can have an effect on the evaluation. Therefore, a combination of the “hard facts” resulting from statistical methods and the expertise of professionals of the industries should be used because the absence of statistical proof of changes in key figures does not imply that the industries did not develop or change at all.
Chapter 6 – Thesis Conclusion
Sustainability and green thinking have become important factors in the building sector over the past decade. Building material production and the associated environmental impacts contribute to the environmental performance of the finalized product or building. The LCA concept provides the framework for the compilation of representative data of products or services within a designated system boundary. The LCA values are the underlying information for the generation of environmental product declarations (EPDs). EPDs provide concise and relevant information for the comparison of competing products. Chapter 2 introduces the framework of the LCA concept and the development and context for EPDs. This introduction includes the history and development of the LCA concept over time and the application in this master’s project. This research was conducted according to the guidelines of the Consortium for Research on Renewable Industrial Materials (CORRIM). Therefore the research objectives and achievements of the CORRIM group are presented. The potential applications of LCA results in the governmental sector and trends in the U.S. in comparison to current application in Europe are discussed. Chapter 3 presents the life cycle inventories (LCIs) of softwood plywood produced in the PNW and SE regions of the U.S. Chapter 4 presents the LCI of OSB produced in the U.S. The LCI results are collections of input and output data per functional unit representative for the production year 2012. For both products the LCIs were conducted within the gate-to-gate system boundary. To ensure a high level of data quality, a standardized outlier procedure was applied and the variation within the dataset for each input and output value was documented. The life cycle impact assessments (LCIAs) from cradle-to-gate drew upon secondary data for the forestry operations, electricity, resin and thermal energy production. These data were assessed with the SimaPro 8.0 a life cycle assessment (LCA) software package. The results show that the production stages of both wood based panels are major contributors to the environmental impact of the final product. The initial product stage (raw material extraction- forestry operations) has a minor impact on the overall environmental performance. Chapter 5 investigates the use of successive life cycle assessments to analyze changes in the wood panel industries over time. The comparison of LCI data prepared at different times and the analysis of the variation within the data sets emphasized a more in depth analysis. Discussions with mill personnel, suppliers and experts from the industries revealed that several factors such as changes in the economic or market environment, law or regulation changes, developments or new manufacturing technologies, or different mill respondents can affect the considered key figures. This study shows that differences in data from successive LCI studies may indicate changes in the industry but there is a need for a verification of such potential changes through discussions with industry experts.
List of References
Abdi, H. (2010). Coefficient of variation. Encyclopedia of Research Design. SAGE Publications, Inc., Thousand Oaks, CA, 169-171. 

The Engineered Wood Association (APA) (2013a). Structural Panel & Engineered Wood Yearbook Economics Report E179.

The Engineered Wood Association (APA) (2013b). Upholstered Furniture Market Study NAICS 337121.

The Engineered Wood Association (APA) (2014). Lower Formaldehyde Emissions. http://www.performancepanels.com/lower-formaldehyde-emissions, Accessed October 13, 2014.

Bare, J. (2009). Tool for the Reduction and Assessment of Chemical and other Environmental Impacts (TRACI), U.S. EPA. http://www.epa.gov/nrmrl/std/sab/traci, Accessed December 4, 2014.

Bare, J. (2012). Tool for the Reduction and Assessment of Chemical and other Environmental Impacts (TRACI) version 2.1 User's Manual, U.S. EPA. http://www.pre-sustainability.com/download/TRACI_2_1_User_Manual.pdf, Accessed December 6, 2014.

Birdsey, R. A. (1992). Carbon Storage and Accumulation in United States Forest Ecosystems. USDA Forest Service GTR WO-59. 

Informationsportal Nachhaltiges Bauen des Bundesministeriums für Umwelt, Naturschutz, Bau und Reaktorsicherheit (BMUB) (2014). Umweltdeklarationen für Bauprodukte (in German) [Environmental Declarations for Building Products]. http://www.nachhaltigesbauen.de/normung-zur-nachhaltigkeit-im-bauwesen/umweltproduktdeklaration.html, Accessed December 2, 2014.

Briggs, D. G. (1994). Forest products measurements and conversion factors: With special emphasis on the US Pacific Northwest: College of Forest Resources, University of Washington Seattle, WA.

Consortium for Research on Renewable Industrial Materials (CORRIM) (1998). Executive Summary of the Environmental-Performance Research Priorities: Wood Products Final Report 

Curran, M. A. (2012). Life Cycle Assessment Handbook A Guide for Environmentally Sustainable Products, OH.

Holzforschung Austria (Dolezal, F.) (2014). Positive Klimabilanz mit Holz Umweltdeklarationen für Österreichische Bauprodukte aus Holz (in German) [Positive Climate Balance with Wood Environmental Declarations for Austrian Wooden Building Products] Vienna, Austria.  

United States Environmental Protection Agency (EPA) (2014a). Industrial Commercial Institutional Boilers and Process Heaters. http://www.epa.gov/ttn/atw/boiler/boilerpg.html, Accessed August 11, 2014.

United States Environmental Protection Agency (EPA) (2014b). Life-Cycle Assessment. http://www.epa.gov/sustainability/analytics/life-cycle.htm, Accessed January 3, 2015.

Evans, L. (2013). Wood and Environmental Product Declarations. http://www.awc.org/pdf/GS_JulyAug2013_reThink_reprint_low.pdf, Accessed December 6, 2014.

FPInnovations (2011). Product Category Rules (PCR) North American Structural and Architectural Wood Products. https://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/wood-products-pcr-version-1-november-2011.pdf, Accessed September 15, 2013.

Forest Products Laboratory (FPL) (2010). Wood Handbook - Wood as an Engineering Material. General Technical Report FPL-GTR-190. Madison, WI: U.S. Department of Agriculture, Forest Service, Forest Products Laboratory. 508 p. 

International Organisation for Standardization (ISO) (2006a). Environmental Management - Life cycle Assessment - Principles and Framework. ISO 14040.

International Organisation for Standardization (ISO) (2006b). Environmental Management - Life Cycle Assessment - Requirements and Guidelines. ISO 14044.

Kline, E. D. (2004). Southeastern oriented strandboard production. CORRIM Phase I Final Report Module E. Life cycle environmental performance of renewable building materials in the context of residential construction. University of Washington, Seattle, WA. 

Lippke, B., & Wilson, J. (2004). CORRIM Report on Environmental Performance Measures for Renewable Building Materials. http://www.corrim.org/pubs/factsheets/fs_02.pdf, Accessed December 22, 2014.

Liu, K. F. R., Ko, C. Y., Fan, C., & Chen, C. W. (2012). Combining Risk Assessment, Life Cycle Assessment, and Multi-criteria Decision Analysis to Estimate Environmental Aspects in Environmental Management System. The International Journal of Life Cycle Assessment. Springer Verlag. 

Milota, M. R. (2000). Emissions from wood drying. Forest Product Journal, 50, 10-20. 

Information Technology Laboratory (NIST) (1996). Weighted Standard Deviation. http://www.itl.nist.gov/div898/software/dataplot/refman2/ch2/weightsd.pdf, Accessed August 27, 2014.

National Research Council (NRC) (1976). Renewable Resources for Industrial Materials. Nationalal Academy of Sciences, Washington. 267 pp. 

O’Connor, J. (2013). FPInnovations' Environmental Product Declaration Program. Briefing Note. Canada, VN. 

Puettmann, M., Bergman, R., Hubbard, S., Johnson, L., Lippke, B., Oneil, E., & Wagner, F. G. (2010). Cradle to Gate Life Cycle Inventory of US Wood Products Production: CORRIM Phase I and PHASE II Products. http://www.corrim.org/pubs/reports/2010/swst_vol42/15.pdf, Accessed March 7, 2014.

Puettmann, M., Oneil, E., Wilson, J., & Johnson, L. (2012). Cradle to Gate Life Cycle Assessment of Softwood Plywood Production from the Southeast. http://www.corrim.org/pubs/reports/2013/phase1_updates/SE%20Plywood%20LCA%20May%202013%20final.pdf, Accessed May 17, 2013.

Puettmann, M., Taylor, A., & Oneil, E. (2014). CORRIM Guidelines for Performing Life Cycle Inventories on Wood Products.

Reed, D. (2012). Life-Cycle Assessment in Government Policy in the United States. University of Tennessee, Knoxville, TN. 

Structural Board Association (SBA) (2007). Oriented Strand Board and Furniture. http://osbguide.tecotested.com/pdfs/en/tb120.pdf, Accessed August 13, 2014.

Toshkov, D. (2012). Weighted Variance and Weighted Coefficient of Variation. http://rulesofreason.wordpress.com/2012/02/13/weighted-variance-and-weighted-coefficient-of-variation/, Accessed August 18, 2014.

Wood based Panels International (WBPI) (2012). MDI a simple equation for OSB production? http://www.wbpionline.com/features/mdi-a-simple-equation-for-osb-production/, Accessed October 17, 2014.

Wilson, J. B. (2009). CORRIM Phase II Final Report Modul H. Resins: A life cycle inventory of manufacturing resins used in the wood composites industry. Oregon State University, Corvallis, OR. 

Wilson, J. B., & Sakimoto, E. T. (2004). Softwood Plywood Manufacturing. CORRIM Phase I Final Report Module D. Life cycle environmental performance of renewable building materials in the context of residential construction. University of Washington, Seattle, WA. 




Appendix
Survey Instrument for Softwood Plywood Producer:
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‘Yourdatawill be confidential; only average values for theindustry wil be reported.

Company:
Faclty Site (cty, state):

‘Shouldwe have a ollow-up question about the dats, please provide the name and the following
nformation for the contact i your compan.

Name: Titl:
E-mail Telephone:

I¢youhave questions sbout the survey, please contact.
Adam Taslor or Dominik Kassimer
Department of Foresty, Wildlife and Fisheries

‘The Universiy of Temnessee

2506 Jacob Drive.

Kaoxville TN 37996

Telephone: 865-946-1125
Fax: 63-946-1109

Email: AdamTevlor@utk edy
DksestieQuik edy

‘Project partners: 1 UNIVERSITYof
2 @ NG




[image: image69.png]Whatis anLCA?

ALife Cyde Assessment (LCA) describes the anvironmental impacts for 2 product over s anite
lifecycle. This project willcolect Life Cycle Inventory data om the inputs 1o, and outputs from, the
production ofstracural plywwood i North America Dat2 on your mill’s processes will be wsed to
develop an LCA for structural lywood produced in North America. The following dizgram shows 2
simplified mill process flow diagram. This questiomnaire will e used o colect data on all the imputs
o, and outputs and emissions from the mill process.

Figure: Diagram of the piywood production process, showing inputs and outputs.

‘Why provide your data?
Current and accurate data i requied to prepare @ Environmental Prodict Declaration (EPD) for
plywood. This will enzbl fsir comparisons of lywood nd atemate building matericl, and these
‘comparisons help o show the environmental advantages of wood products. EPDs dlso may be
sequired for market ccess in the future.

1f desired, wecan provide youith 2 listing of your mil's environmentl impacts compared with
industry average values for each category.

To ensure complete and useful resultsfrom your mill, please:

- Provide data for 2012, or e year i different

- Filnal greyareas

- Specy the unitsfor yourdata if ecessary

- Ifthere are any questions please don't hesitate to contact us. (see page 1)

THANK YOU VERY MUCH FOR YOUR SUPPORT!
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Note: please include fuel consumption in approprist category below for use of fork lfts i yard
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[image: image75.png]V1. Emission Control Devices (ECD) and Environmental Emission
‘The following i 2 chart of emission control devices (ECDs) and on page ten i 2 lstng of chemical
‘compounds that are observed and.or permitted. Please fll i all information relaed to the contol
devices. Then lst all compounds tht are collected and known for the mill rom al contol device
sources. If you recently applied for an air permit, use those numbers. Filn all that apply and for
swhich you have data. If you kave more than fou devices, please use the afached extra table for

ECDS; ECDG; ECD7; ECDS on pagenine.

35, Emission Control Devices

Emission Control Device (ECD)- Electricity, Ful Usage and Emission Output

ECD1 ECD2 ECD3 ECD4

Manufacturer and
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Survey Instrument for OSB Producer
[image: image78.png]‘The Consortinm for Research on Renewable Industris] Materisls (CORRIM I)

Oriented Strand Board (OSB) Mill 2013

The information from thi survey will be ued in & projact by CORRIM, & consortivm of
univarsities, industey, and govemment rovps. In collaboraton with the USDA Forast Service Forast
Products Laboratory, amd APA-The Enginsecsd Wood Assocision, CORRIM is updsting lifs-cycls
assessmant data that dsscrbes environmental impacts of bulding materials. This survey & designed.
spacifically for orientad stand bosrd mills. Quastions will be conceneated on annual production,
slscecity production and usags, fusl use, mateial flows, and enviconmental emissions.

‘Your data will be confdential; only weighted average values forthe industry based on
‘production will be reported.

Company:
Facilty Site (ciy,state):
Should wa havaa follow-up queston sboutths data, plsase provids the name and ths following

informtion forthe contact in yous compexy.

Nome: Tide:
Email: Telephone:

16ou have questions sbout the survey, plssss ontact:
Adam Tayloror Dominik Kassfas.

Department of Foresry, Wildlife and Fisheries

‘Th University of Temnsssee

2506 Jasob Drive.

Kaoxvills TN 37996

Telaphone: 865-946-1125
Fex: $65-946-1109

Email: AdumTevlosGutk sdy
[—————

zulUNIVERSITYof
[APA] @ TENNESSEEUr

Projct parusrs:




[image: image79.png]Whatis anLCA?

A Life Cyels Assessment (LCA) dascribes the enviconmental impacts for productover i anti
lifseyele. This projsct will colsct Life Cyele Tnventory dats on the iputs o, and outputs fom, the
production of OSB bosrds in United States. Dats on youe mil's peocasses willbs used to develop an
LCA for OSB. The following diagram shows & sissplifiedmill process flows disgram. This
questionnaice il be used to collct data on allthe inputs to, and outputs nd emissions from themill
procass.

Figure: Diogrom of the 0SB production process, showing inputs and outputs.

Why provide your data?
Cusent and accusate data is raquised topespasa an Envivonmental Product Declaration (EPD) for
OSB. This wil nsbls fais comparisons of OSB and ltemate bullding matarials, and these
compasisons helptoshor the snviconmental advantages ofvood products. EPDs alsomaybe.
coquiced for markstsccess in the foturs.

Ifdesirad wa can provids you with a listng of yourmill's snvisonmental impacts comparad with
industeyavarag valuss for sach catagory.

To snsure complete and useful reslts from your mil, please
- Providadata for 2012, ornote yeas i diferent
- Filln ol greyareas
- Specify the units for you data i nscassary.

- T6thers ars ny questions pleasa dox' thasitate to contact us. (ssepasgs 1)

THANK YOU VERY MUCH FOR YOUR SUPPORT!
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Acronyms

APA
The Engineered Wood Association

BF
Board foot

CIBO
Council of Industrial Boiler Owners

CORRIM
Consortium for Research on Renewable Industrial Materials

CV
Coefficient of variation

ECD
Emission control device

EPA
United States Environmental Protection Agency

EPD
Environmental Product Declaration

ESP
Electrostatic precipitator 

GWP
Global warming potential

HAP
Hazardous air pollutants
ISO 
International Organization for Standardization

LCA 
Life cycle assessment

LCI 
Life cycle inventory

LCIA 
Life cycle impact assessment

LPG
Liquefied petroleum gas

MC
Moisture content

MCAT 
Maximum Achievable Control Technology

MDI
Methylene diphenyl diisocyanate

MSF
Thousand square feet

NREL 
National Renewable Energy Laboratory

OSB
Oriented strand board
PCR
Product Category Rule

PF
Phenol formaldehyde 

PM
Particulate matter

PNW
Pacific North West USA

RNA
Country Code North America
RCO
Regenerative catalytic oxidizer 

RTO
Regenerative thermal oxidizers 

SE
South East USA

SBA
Structural Board Association

TRACI
Tool for the Reduction and Assessment of Chemical 

and other Environmental Impacts

VOC
Volatile organic compound
VRR
Veneer recovery ratio
WESP
Wet electrostatic precipitator

Conversion Factors
	Conversion from
	to
	multiply by

	Linear Units
	 
	 

	inch (in)
	Centimeter (cm)
	2.54

	Centimeter (cm)
	inch (in)
	0.39

	3/8 inch
	Centimeter (cm)
	0.95

	Foot (ft.)
	Meter (m)
	0.3

	Meter (m)
	Foot (ft.)
	3.28

	Mile
	Kilometer (km)
	1.61

	Kilometer (km)
	Mile
	0.62

	
	
	

	Square Units
	 
	 

	Square foot (ft2)
	Square meter (m2)
	0.09

	Square meter (m2)
	Square foot (ft2)
	10.76

	
	
	

	Volume Units
	 
	 

	MSF 3/8- inch basis
	Cubic meter (m3)
	0.89

	Cubic meter (m3)
	MSF 3/8- inch basis
	1.13

	Cubic foot (ft3)
	Cubic meter (m3)
	0.03

	Cubic meter (m3)
	Cubic foot (ft3)
	35.32

	Board foot (BF)
	Cubic foot (ft3)
	0.08

	Cubic foot (ft3)
	Board foot (BF)
	12

	Board foot (BF)
	Cubic meter (m3)
	0.0023597

	Cubic meter (m3)
	Board foot (BF)
	423.78

	
	
	

	Fluid Units
	 
	 

	Gallons U.S. (Gal)
	Liter (l)
	3.79

	Liter (l)
	Gallons U.S. (Gal)
	0.26

	
	
	

	Weight Units
	 
	 

	Kilogram (kg)
	Pound (lb.)
	2.2

	Pound (lb.)
	Kilogram (kg)
	0.45


	
	
	


	Energy Units
	 
	 

	British thermal unit (BTU)
	Mega joule (MJ)
	0.0010551

	Mega joule (MJ)
	British thermal unit (BTU)
	947.82

	Kilowatt - hour (kWh)
	Mega joule (MJ)
	3.6

	Mega joules (MJ)
	Kilowatt - hour (kWh)
	0.28

	
	
	

	Wood Units
	 
	 

	metric ton (t)
	short ton (ton)
	1.1

	short ton (ton)
	metric ton (t)
	0.907184

	green ton
	Pound (lb.)
	2000


Vita
Dominik Kaestner was born on July 11, 1984, in Salzburg, Austria. He graduated with an undergraduate degree in Forest Product Technology and Timber construction with the concentration on Wood Technology in 2012 from the University of Applied Sciences Salzburg, Austria. Dominik joined a masters’ dual degree program possible by the collaboration between The University of Tennessee in Knoxville, USA and the University of Applied Sciences in Salzburg, Austria. He was selected as a Marshall Plan Scholar.

 ADDIN  ADDIN  ADDIN 
� One cunit is 100 cubic feet � ADDIN EN.CITE <EndNote><Cite><Author>Briggs</Author><Year>1994</Year><RecNum>20</RecNum><DisplayText>(Briggs, 1994)</DisplayText><record><rec-number>20</rec-number><foreign-keys><key app="EN" db-id="wppradpfvevwxlex52rp2vx3s9afdswx25rs" timestamp="1408303268">20</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Briggs, David G.</author></authors></contributors><titles><title>Forest products measurements and conversion factors: With special emphasis on the US Pacific Northwest</title></titles><dates><year>1994</year></dates><publisher>College of Forest Resources, University of Washington Seattle, WA.</publisher><urls></urls></record></Cite></EndNote>�(� HYPERLINK \l "_ENREF_9" \o "Briggs, 1994 #20" ��Briggs, 1994�)�


� 12 in x 12 in x 1 in � ADDIN EN.CITE <EndNote><Cite><Author>Briggs</Author><Year>1994</Year><RecNum>20</RecNum><DisplayText>(Briggs, 1994)</DisplayText><record><rec-number>20</rec-number><foreign-keys><key app="EN" db-id="wppradpfvevwxlex52rp2vx3s9afdswx25rs" timestamp="1408303268">20</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Briggs, David G.</author></authors></contributors><titles><title>Forest products measurements and conversion factors: With special emphasis on the US Pacific Northwest</title></titles><dates><year>1994</year></dates><publisher>College of Forest Resources, University of Washington Seattle, WA.</publisher><urls></urls></record></Cite></EndNote>�(� HYPERLINK \l "_ENREF_9" \o "Briggs, 1994 #20" ��Briggs, 1994�)�
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