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Addendum

This report was revised to meet the Product Category Rule (PCR) Guidance for Building-Related

Products and Services Part B: Structural and Architectural Wood Products EPD Requirements. This
revision was performed by WoodLife Environmental Consultants under contract with the Consortium for

Research on Renewable Industrial Materials as part of the American Wood Council (AWC) EPD
development of North American Wood Products.

The report might be reduced in content from the original to include only those reporting requirements for
the PCR. Reference to the LCA on Pacific Northwest (PNW) softwood lumber should be made to the
original as well as this revised report. Changes and additions from the original report may include
additional required reporting impact factors and impact methods (Table A1) per the PCR and ISO 14044

requirements on sensitivity analysis and interpretation of results.

Table A1 Original and updated reporting requirements

Reporting Category Per
Tables E1-ES in ISO
21930:2017
Core Mandatory Impact
Indicators
Core Mandatory Impact
Indicators
Core Mandatory Impact
Indicators

Core Mandatory Impact
Indicators

Core Mandatory Impact
Indicators
Core Mandatory Impact
Indicators

Core Mandatory Impact
Indicators

Core Mandatory Impact
Indicators
Use of Primary Resources

Use of Primary Resources

Use of Primary Resources

Use of Primary Resources

Revised Report

Indicator Name

Global warming
potential, biogenic'
Global warming
potential, fossil
Depletion potential of
the stratospheric ozone
layer

Acidification potential
of soil and water
sources
Eutrophication
potential

Formation potential of
tropospheric ozone

Abiotic depletion
potential (ADPfossil)
for fossil resources;
Fossil fuel depletion

Renewable primary
energy carrier used as
energy

Renewable primary
energy carrier used as
material
Non-renewable
primary energy carrier
used as energy
Renewable primary
energy carrier used as
material

Abbreviation

GWP

GWP

ODP

AP

EP

SFP

ADPf

FFD

RPRM

NRPRE

NRPRM

Units

kg CO2e
kg CO2e

kg CFClle

kg SO2e

kg PO4e

kg O3e

MJ, NCV

MJ Surplus

MJ, NCV

MJ, NCV

MJ, NCV

MJ, NCV

Calculation
Method

TRACI + Manual
TRACI

TRACI

TRACI

TRACI

TRACI

CML-IA Baseline
V3.05

TRACI

CED, NCV

Manual

CED, NCV

Manual

Original
Report
In report

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

! This indicator includes both biogenic and fossil-based carbon released. The TRACI method was modified to
included CO2, biogenic removals and emissions.
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Reporting Category Per
Tables E1-ES in ISO
21930:2017

Secondary material, secondary
fuel and recovered energy
Secondary material, secondary
fuel and recovered energy
Secondary material, secondary
fuel and recovered energy
Secondary material, secondary
fuel and recovered energy
Mandatory Inventory
Parameters
Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Must include following if part
of GWP

Additional Inventory
Parameters for Transparency
Additional Inventory
Parameters for Transparency
Additional Inventory
Parameters for Transparency

Additional Inventory
Parameters for Transparency

Additional Inventory
Parameters for Transparency

Additional Inventory
Parameters for Transparency

Revised Report

Indicator Name

Secondary material

Renewable secondary
fuel

Non-renewable
secondary fuel
Recovered energy

Consumption of
freshwater resources;
Hazardous waste
disposed
Non-hazardous waste
disposed

High-level radioactive
waste, conditioned, to
final repository
Intermediate- and low-
level radioactive
waste, conditioned, to
final repository
Components for re-use

Materials for recycling

Materials for energy
recovery

Recovered energy
exported from the
product system

Biogenic Carbon
Removal from Product
Biogenic Carbon
Emission from Product
Biogenic Carbon
Removal from
Packaging

Biogenic Carbon
Emission from
Packaging

Biogenic Carbon
Emission from
Combustion of Waste
from Renewable
Sources Used in
Production Processes
Carbon Emissions
from Combustion of
Waste from Non-
Renewable Sources
used in Production
Processes

Abbreviation

SM

RSF

NRSF

RE

FwW

HWD

NHWD

HLRW

ILLRW

CRU

MR

MER

EE

BCRP

BCEP

BCRK

BCEK

BCEW

CWNR

Units

kg
MIJ, NCV
MIJ, NCV
MIJ, NCV
m3
kg
kg

kg or m3

kg or m3

kg

kg

kg

MJ, NCV

kg CO2e
kg CO2e

kg CO2e

kg CO2e

kg CO2e

kg CO2e

Calculation
Method

N/A
Manual
N/A

N/A
Manual

SP: Process
Contribution
SP: Process
Contribution
SP: Process
Contribution
SP: Process

Contribution

Manual

Manual

Manual

Manual

Manual

Manual

Manual

Manual

Manual

Manual
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Original
Report
In report

Yes

Yes

Yes

Yes

Yes



Abbreviations

BF Board Feet

EPDs Environmental Product Declarations
GWP Global Warming Potential

ISO International Organization for Standardization
LCA Life Cycle Assessment

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessment

LF Lineal Foot

m’ Cubic meter

MBF Thousand Board Feet

MMBF Million Board Feet

odkg Oven Dry Weight Wood in Kilograms
PCR Product Category Rules

tkm Metric Tonne — Kilometers

CORRIM-Consortium for Research on Renewable Industrial Materials - Cradle-to-gate LCA of US PNW Lumber



Glossary of Terms

Allocation - A way of dividing emissions and resource use among the different products of a process.
The partitioning can be made on weight basis, energy content, or economic value.

Cradle-to-gate - LCA model which includes upstream part of the product life cycle, i.e. all steps from
raw material extraction to product at factory gate.

Declared Unit - Quantity of a wood building product for use as a reference unit, e.g. mass, volume, for
the expression of environmental information needed in information modules.

Functional Unit - expresses the function of studied product in quantitative terms and serves as basis for
calculations. It is the reference flow to which other flows in the LCA are related. It also serves as a unit

of comparison in comparative studies.

Life cycle assessment (LCA) - Method for the environmental assessment of products covering their
lifecycle from raw material extraction to waste treatment

Life cycle inventory (LCI) - LCA study that goes as far as an inventory analysis but does not include
impact assessment.

Life cycle impact assessment (LCIA) - Phase of an LCA study during which the environmental impacts
of the product are assessed and evaluated.

Product Category Rules (PCR) - Set of specific rules, requirements, and guidelines for the development
of type III environmental declarations for one or more product categories (ISO 14025, ISO 21930)

System boundary - A set of criteria that specifies which unit processes are part of a product system
(adapted from ISO 14044)
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1 Background

The environmental consequences of producing a material such as lumber are carried forward into the life
cycle of products such as wooden structures. CORRIM, the Consortium for Research on Renewable
Industrial Materials, has derived life cycle inventory (LCI) data for major wood products manufactured in
several regions of the United States. The life cycle inventory data cover from forest regeneration through
to final product at the mill gate. Research has covered nine major forest products, both structural and
nonstructural, and four major regions.

This report describes the energy and materials for producing dimension lumber in the Pacific Northwest
region of the US through a cradle-to-gate life cycle inventory on the manufacturing process. The
environmental impacts, global warming, ozone depletion, acidification, smog, and eutrophication are
discussed. CORRIM performed a study with a similar goal and scope for lumber produced during the
1999 calendar year (Milota et al. 2005).

Several mills were surveyed to determine their material use and energy consumption for the 2012
calendar year. The values were averaged after weighting by mill annual production to obtain an industry
average. Inputs included logs, fuels, packaging materials, and chemicals necessary for lumber production.
The products included lumber and other products that come from the log such as chips, sawdust, planer
shavings, bark, and hog fuel.

The data collection was performed under “CORRIM Guidelines for Performing Life Cycle Inventories on
Wood Products”, undated, but current in the fall of 2012, a scientifically sound and consistent process
established by CORRIM. It follows ISO 14040 standards (ISO 2006), ISO 21930 (ISO 2017), the Product
Category Rules (PCR) for North American Structural and Architectural Wood Products (UL 2019) that
will provide the guidance for preparation of North American wood product Environmental Product
Declaration (EPD) and Part A: Life Cycle Assessment Calculations Rules and Report Requirements (UL
2018).

2 Goal and Scope
It is the goal and scope that provide the plan for conducting the LCI including data collection,

compilation, and interpretation.

2.1 Goal and Objectives

2.1.1 Goals

The primary goal is to generate a gate-to-gate LCA of Pacific Northwest (PNW) US softwood lumber
manufacturing and use this data to develop a cradle-to-gate profile of PNW US Lumber. The cradle-to-
gate LCA will be follows data and reporting requirements as outlined in the PCR ( UL 2019) that will
provide the guidance for preparation of a business-to-business EPD.

2.1.2 Intended Audience

The primary audience for the results of this LCA report is softwood lumber producers in the US and
CORRIM LCA practitioners.
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2.1.3 Comparative Assertions

The report does not include product use and end of life phases which are required for comparative
assertions relative to substitute products. If future comparative studies are intended and disclosed to the
public, the LCA boundary would need to be expanded to include the use and end of life phases consistent
with the ISO 14044:2006 guidelines and principles and ISO 21930 core rules for EPDs (ISO 2006, ISO
2017), and compliance with the Wood Products PCR, Part A and B (UL 2018, 2019).

2.2 Scope of Considered System

2.2.1 Functional and declared unit

In accordance with the PCR the declared unit for lumber is one cubic meter (1.0 m?) of planed dry lumber
packaged for shipment. A declared unit is used in instances where the function and the reference scenario
for the whole life cycle of a wood building cannot be stated (UL 2019). The exact conversion from m® to
the commercial unit of board feet is described in section 4.1. The inventory input data is presented as
unallocated flows, all input and output flows allocated to the main product. This analysis does not take the
declared unit to the use stage no service life is assigned.

The cradle-to-gate LCI was generated by combing the PNW softwood lumber manufacturing data
collected by survey with previously published datasets for upstream manufacturing of forestry and
harvesting operations, fuels, electricity, and ancillary material use.

2.2.2 System boundary

The cradle-to-gate system boundary is shown in Figure 1. The system boundary begins with regeneration
of the forest in the PNW region and ends with planed dry lumber packaged at the plant gate. The system
boundary includes forest operations (A1), which may include growing seedlings in a nursery, planting the
seedlings, managing the forest which may include pre-commercial and commercial thinnings and
fertilizations, and final harvesting with the logs brought to a landing. Transportation of all resources and
materials (A2), and PNW softwood lumber production (A3) (Figure 1). The sawmill complex is divided
into five processes: logyard, sawmill, dryer, energy generation, and planing. The study recognized five
steps (A3) necessary to produce PNW softwood lumber. Excluded from the system boundaries are fixed
capital equipment and facilities, transportation of employees, land use, delivery of softwood lumber to
construction site, construction, maintenance, use, and final disposal. Disposal of on-site waste from
production manufacturing is included in the system boundary. Table 1 lists the inclusion and exclusion
within the system boundaries of this study.

10
CORRIM-Consortium for Research on Renewable Industrial Materials - Cradle-to-gate LCA of US PNW Lumber



Table 2 System boundary inclusions and exclusions for the cradle-to-gate of PNW softwood lumber

production

Included
e Production of upstream processes for all

resources, raw materials, fuels, and
energy for softwood lumber production
used in forestry operations, harvesting,
and softwood lumber manufacturing

e Transportation of materials throughout the e Transportation of employees

cradle-to-gate manufacturing life stages.

e Packaging

e Construction, maintenance, use, and end

Excluded
Fixed capital equipment and facilities

of life treatment

A1 Resource Extraction

Ancillary

Materials:
Lubricants,
Seedlings,
Fertilizers,
Herbicides

Energy:
Gasoline,
Diesel

l

Forest Managementand
Harvesting Operations

1

A2 Transportation

A3 Product Manufacturing

Salvents,
Anti-freeze

Energy:
Gasoline,
Diesel,
Wood fuel, | m—)
Propane,
Natural gas,
Electricity
Ancillary
Materials:
Lubricants,
Mator oils, w—

D~ =030

<@ = ®3m

| Logyard Operations |
}
T
T
T

Packaging

S 00— 0 C OO0=T

@ ~W0M

Figure 1 Cradle-to-gate system boundary for softwood lumber production, PNW

Emissions

- air, water,

land
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2.2.3 Allocation rules

Allocation is the method used to partition the environmental load of a process when several products or
functions share the same process. The input material is a round log with bark. Processing of the log at the
sawmill involves multiple processes with multiple outputs (coproducts). A mass allocation for these
multiple coproduct outputs was conservatively chosen.

2.2.4 Cut off rules

According to the PCR, if the mass/energy of a flow is less 1 percent of the cumulative mass/energy of the
model flow it may be excluded, provided its environmental relevance is minor. This analysis for PNW
lumber included all energy and mass flows for primary data. No cut-offs were used in the impact
assessment.

2.2.5 Data collection

Surveys were used to collect the LCI data in accordance with CORRIM guidelines and ISO 14044
standards. This study relied almost exclusively on production and emissions data provided by lumber
producers in the PNW, with some secondary data on fuels and electrical grid inputs from the US LCI
database and European datasets (Datasmart2018 and Ecoinvent 3.4). Seven mills (of eight contacted)
provided data for 2012 lumber and co-product production, raw material and fuel use, electricity
consumption, and on-site emissions. The primary data in the PNW survey indicated that all of the
dimension lumber was dried.

Data was collected from representative mills in the PNW region. The survey was for dimension lumber
produced in the states of Oregon and Washington, west of the Cascade Mountains. The main wood
species were western hemlock and Douglas-fir. A small amount of true fir may also be included with the
western hemlock. Large sawmills were surveyed because most dimension lumber comes from larger
sawmills. The sawmill complexes responding were of average technology for the region.

The regional production of dimension lumber was 12.48 million m®. The total production represented in
the survey is 1.91 million m®, about 15.3 percent of the lumber produced west of the Cascades.
Approximately 60 percent of the lumber produced west of the Cascades is dimension (framing and studs)
of which the survey responses represent 25 percent. Responses among the mills were compared for
consistency and follow up questions by phone and e-mail were used to clarify the responses.

2.2.6 Calculation rules

Pacific Northwest mills reported logs in log scale units of Westside Scribner board feet. These were
converted to a cubic measurement using values in Briggs (1994) and Mann and Lysons (1972). The
resulting log volumes sawn per unit of production calculated for each mill varied -11 to +7 percent from
the mean of 0.60 m*/m?, ranging from 0.53 to 0.64 m’® rough green lumber per m® of log. This variance is
to be expected because of uncertainties associated with dependence on log diameter when converting
Scribner to an actual volume. It is considered a relatively small margin of error. As a second check, log
mass into the process was within 3 percent of the sum of the masses of the co-products from the sawing
process. This is a small margin of error and provides better insight to the consistency of the data because
mills can more accurately measure the products and co-products than the logs.

Over 95 percent of the planed dry lumber reported in the surveys was 38 mm in thickness (2-inch) with
widths from 63 to 286 mm. The weighted average width was 127 mm. The closest commercial size to this
is the 2x6 at 140 mm.
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The survey results for each unit process were converted to a production basis: per m® of log for the
logyard, per m® of rough green lumber for the sawmill, per m3 of rough dry lumber for drying, and per m?
of planed dry lumber for planing. The values reported by each mill were combined into a production-
weighted average for each input (eq. 1). Thus, the value from a large mill had more weight. This approach
resulted in a sawmill complex that represents a composite of the mills surveyed and maintains
confidentiality. SimaPro, version 8.04 (Pré Consultants 2019) was used as the accounting program to
track all of the materials.

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

_ Y1 _ Y1
1+ y2 +y3) Yoraw

wq eq.1

wi = weighing factor for mill 1
Yot = total annual production of “y” mills
y1 = annual production of Mill 1

3 Description of Industry

The lumber industry is a subset of the very broad forest products industry which also produces plywood,
fiberboard, particleboard, paper, cabinetry, furniture, millwork, and other products derived from trees.
The distinction is often made between the primary and secondary Forest Product Industries with the
former including products such as lumber and panels and the latter including products derived from
lumber and panels such as cabinets and furniture.

The lumber industry can be further segmented other ways. There are significant differences between
processing hardwood logs and softwood logs into lumber and very different markets for the products.
There are also regional differences between, for example, the processing of western lumber and the
processing of southern lumber and again differences between the markets. There are differences even
within a region. For example, different species of trees and different wood properties within the same
species are found on the east side of the Cascade mountains in Oregon and Washington compared to west
side.
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3.1 Categories of products and co-products

The main product from PNW softwood sawmills is lumber. Other products (co-products) are also made
when logs, which are round in cross section, are processed into lumber, which is rectangular in cross
section. These co-products could include chips for pulp and sawdust and shavings for panels, paper, or
fuel. Logs arrive at the mill with much of the tree’s bark intact. The bark is removed and used for fuel or
landscaping. Another product of the mill is hog fuel which can be bark or a mix of bark and wood
depending on how individual mills classify it. Hog fuel goes to a boiler.

3.2 Annual operating and production statistics of the industry (us total, regional)

Pacific Northwest U.S. mills accounted for 44 percent of the 45 million m* (28,000 million board feet
MMBEF) of U.S. softwood lumber production in 2012. The PNW region (parts of Oregon and Washington
west of the Cascade mountains) account for 12.48 million m® (7,664 MMBF), or 27.3 percent of the
nation’s production. Over 95 percent of the PNW region’s production is Douglas-fir (Pseudotsuga
menziesii) and hem-fir. Hem-fir is a mix of western hemlock (7suga heterophylla) and true fir (4bies

Spp.) species.

There are approximately 155 sawmills in Oregon, Washington, and northern California with 1/3 of these
mills producing over 150 MMBF per year and 1/3 producing under 50 MMBF per year. Most of the
dimension lumber comes from larger mills while the smaller mills are more likely to cut products such as
beams or millwork.

Of the reporting mills, the annual production ranged from approximately 90 MMBF to less than 300
MMBF with an average of 170 MMBF. The size of the largest mill is not stated for confidentiality

purposes. Excluding the smallest and largest mills the range of mill annual production was 130 MMBF to
200 MMBF (Table 2).

Table 3 Production by Pacific Northwest sawmills

Mill production Mills Region production
Million BF / year number % million BF %
<50 3 7 129 1.6
50-100 10 23 731 9.3
100-150 10 23 1,260 16.0
150-200 5 12 920 11.7
200 and > 15 35 4,836 61.4
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3.3 Location of markets and typical transportation methods

About 60 percent of the lumber produced in the PNW is sold in the western states, 20 percent in the
Midwest, and the balance to other states and export outside the U.S. Retailers directly purchase 20
percent, 45 percent is sold through wholesalers or distributors, and the balance goes to other facilities for
further processing. Most of the lumber from the PNW region, 58 percent, is shipped by rail, 39 percent by
truck, and 3 percent by water (WWPA, 2013).

3.4 Plant types, age, efficiencies, and geographical distribution

Many sawmills have been on a site for many years; however, they have been continually updated to
remain competitive. Eighty percent of the mills reported upgrades to the log yard most of these since
2010. Upgrades include paving log yards and upgrading machinery for moving logs. All of the mills
reported sawmill upgrades since 2009 including handling equipment, saws, and optimizers. All of the
mills reported new or upgraded boilers since 2007. About half of the mills had kilns less than five years
old. All the mills reported major improvements at the planer since 2010. Automated grading was a
common upgrade in both sawing and planing operations.

3.5 Conversion efficiencies

The sawing (to produce rough green lumber) had an average recovery factor of 2.28 BFiumper/BFi0g OF
overrun of 128 percent (BF = board foot). The cubic recovery ratio was 0.576 m*umbe/ m*10e. When the
overall process is considered (to produce planed dry lumber), the cubic recovery ratio was 0.505

3 3
m lumber/ m-iog.

3.6 Typical emission control measures by plant type

There was no pollution control equipment in the logyard. The process of sawing of green lumber either
had no pollution control except a bag house on certain equipment. There were no emissions control
devices on the dry kilns. Boilers most commonly had an electro static precipitator (wet or dry) often
followed by a baghouse. Emissions control at the planing process consisted of baghouses at all mills
where dry lumber was planed.

3.7 General types of wastes and emissions

No dangerous substances were reported by industry that fall under ISO 21930 (ISO 2017). The air
emissions reported by most mills include dust, particulate matter (PM), volatile organic compounds
(VOC:s), and hazardous air pollutants (HAPs). Mills classed as major sources under EPA rules are
required to report methanol, formaldehyde, phenol, acetaldehyde, propionaldehyde, and acrolein which on
the EPA’s HAPs list. If boilers are included, then there are some sulfur dioxide and oxides of nitrogen
emitted. There were other emissions to air reported in surveys and varied considerably among mills. For
example, one mill reported traces of dioxin emissions, however, it was never clear why this occurred.
Only one mill reported liquid emissions. These include suspended solids, BOD, COD, and oil and grease.

Most mills reported ash from the boilers and small amounts of plastic strapping and wood debris going to
landfill. The woody debris is most likely bark from logyard cleanup. It contains dirt and is not suitable for
use as a fuel or product. Approximately 90 percent of the boiler ash leaves the mill destined for
agricultural applications rather than a landfill. Many materials were recycled such as metals, plastic
strapping, antifreeze, and batteries.
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4 Description of Product

Lumber (Figure 2) can include a variety of products ranging from boards to beams and timbers.
Dimension lumber and studs (framing lumber) are the main products produced at the mills in this study.
Dimension lumber and studs are structural products that consist mainly of lumber that is nominally (see
next section for discussion of nominal sizes) two inches in thickness and four to 12 inches in width.
About half is used for repair and remodeling and the other half for construction, both residential and
nonresidential. Dimension lumber is categorized by United Nations Standard Products and Services Code
(UNSPSC) 301036 03 and Construction Specifications Institute (CSI) code 06 11 00.

4.1 Dimensions

Dimension lumber is sold as 2”°x4”, 2’x6”, 2x8”, 2x10”, and 2x12”. Studs are sold as 2”x4” or 27x6”.
These numbers represent the nominal size of the lumber. The actual size of the lumber can vary
depending on the stage of processing. Take a 2x4 as an example. A 2x4 might be 41 mm in thickness and
94 mm in width (1.61” x 3.7”) when green. This condition is called “rough green” in this report. After
drying the actual dimensions might change to 39 mm in thickness by 90 mm in width (1.55” x 3.55”).
This condition is called “rough dry” in this report. The dimensions after final finishing (planing) are 38
mm in thickness by 89 mm in width (the grading rules specify in inches, 1.5” x 3.5, as the final size).
This condition is called “planed dry” in this report. The board is referred to as a 2”x4” at each of the three
conditions even though the size changes. The planed dry size is the same for all mills. The rough green
and rough dry sizes vary among mills and depend on the sawing efficiency.

oS O TS KOS AOOVCTS
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Figre 2 Rough dry lumer (left) on stickers at planer infeed and planed dry lumber wrapped for
shipping (right).

The planed dry thickness for dimension lumber is usually 38 mm but can be as much as 89 mm (up to
3.5”). The widths are 89, 140, 184, 235, and 286 mm (3.5, 5.5, 7.25, 9.25, and 11.25 inches in grading
rules) for 2x4, 2x6, 2x8, 2x10, and 2x12, respectively. Most (87.4%) of the lumber sawn by mills in the
survey was 38 mm in thickness with 12.6 percent in other sizes, mostly 4x4 and 4x6. The assumption was
made that the processing inputs and emissions created when producing these sizes were similar to
dimension lumber because they were produced simultaneously at the same facilities. Mills specializing in
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thicker products might use different technology so the study results should not be applied in these
situations. None of the lumber sawn green was reported at the planer.

Dimension lumber is sold in lengths ranging from 2.42 m (8 ft) to 7.3 m (24 ft) in 0.61 m (2 ft)
increments. Studs are often 2.43 or 3.05 m (8 or 10 ft) but are also sold in odd lengths to match
construction practices, for example 2.35 m (92-5/8” for an 8 wall minus allowances for the plates,
drywall, and flooring). Occasionally mills recover lumber shorter than 2.42 m.

The unit of commerce for lumber is the board foot. A board foot is the volume equivalent to 144 in® in
nominal volume or a piece of wood nominally 1”x12”x12”. The nominal size is used when calculating
board feet, not the actual size (actual size is what would be measured with a caliper). For example, a
0.305 m (1-foot or 12 inch) length of 2x4 contains 0.66 (2x4x12/144) board feet in the rough green, rough
dry, or planed dry condition.

of 2inx4inx12||?

0.66—=
If

3
144
bf

For the other dimensions there are 1 (2x6), 1.33 (2x8), 1.66 (2.19), and 2 (2x12) board feet per 0.305 m of
length (1 lineal foot (LF)).

When converting lumber from board feet to cubic meters, the actual dimensions (as measured with a
caliper) were used in this report. This is typically, but not always, the case in commerce. Mills were
surveyed for the actual dimensions of their rough green lumber (called target size). As an example, if the
green target size for a 2x4 was 41 mm in thickness and 94 mm in width (1.61” x 3.7”), then there are
0.00117 m® per 0.3048 m length (0.00117 m*/LF. Because there are 0.66 board feet in a LF, there are
0.00178 m*/BF or 563 BF/m’. For the same board after drying and planing to 38x89 mm, there are
0.00156 m*/BF or 640 BF/m®. The reader should note that this is not constant among the sizes. For
example, there are 0.00166 m*/BF or 602 BF-m™ for a planed dry 2x12.

The unit of commerce for logs in the PNW region is also board feet as measured by log scale. The scale is
West Side Scribner for all the surveyed mills except one mill which reported in ft’. There is not a simple
relationship between the log scale board foot and a cubic measurement. Figure 4 from Mann and Lysons
(1972) (reproduced here in Figure 3) was used to make this conversion as 3.95 board feet log scale per
cubic foot of log (139.5 BF/m3). The reader not familiar with wood products should also be aware that
the volume of a board foot measured by log scale is very different from the volume of a board foot of
lumber. It is not uncommon for a mill to produce two board feet of lumber from one board foot of log.

17
CORRIM-Consortium for Research on Renewable Industrial Materials - Cradle-to-gate LCA of US PNW Lumber



[+] 20 60 80 100 120 180 180 200 220 280 300
LOG VOLUME (CUBIC FEET)

Figure 3 Board foot to cubic foot ratio versus cubic volume. (Scribner log equation for west side
scaling practices; taper of 1 inch in 8 feet; volumes include 8 inches trim allowance.) (Mann and
Lysons 1972).

4.2 Wood species

Douglas-fir and western hemlock dominate the species mix in western Oregon and western Washington.
The hemlock is sold as hem-fir and also includes some true firs. the specific gravity of Douglas-fir is 0.45
when green and 0.48 after drying. The specific gravity of hem-fir is 0.42 when green and 0.45 after

drying.

4.3 Moisture content

The green moisture contents for these species according to Table 4 in USDA (2010) are 37 percent for
Douglas-fir heartwood, 115 percent for Douglas-fir sapwood, 85 percent for western hemlock heartwood,
and 170 percent for western hemlock sapwood. It is the industry custom that these are on a dry basis so
that 1 kg of wood at 100 percent moisture content contains 0.5 kg of water and 0.5 kg of bone-dry wood.
The wood arriving at a facility is a mixture of heartwood and sapwood. The moisture content also varies
seasonally. In the author’s experience Douglas-fir enters the mills at 65 percent to 70 percent and western
hemlock at 90 percent to 110 percent average moisture content. The mills know when incoming moisture
content changes; however, it not something they measure on a regular basis because logs are bought and
sold by log scale and not weight. Four mills’ survey responses averaged 101.4 percent for Douglas-fir
chips and 126 percent for hemlock chips. Chips will have a higher moisture content than the log or
lumber because the chips contain a higher proportion of sapwood. One mill reported 50 to 150 percent
moisture content for lumber. The wide range makes this response not usable. Another reported 122
percent for chips, Douglas-fir lumber, and hemlock lumber. This estimate seemed questionable because it
is well known that the species have very different moisture contents. Therefore, 65 percent and 100
percent were used for the average green moisture contents for Douglas-fir and hem-fir, respectively.

After drying the grading rules specify that the lumber moisture content is 19 percent or less. Mills
reported dry moisture contents between 15 and 19 percent or just “<19 percent” in some cases. For all dry
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lumber, 15 percent was used. Given the variability, it is very likely, especially with hemlock, that the
lumber is dried to this level to get the wetter pieces under 19 percent. In the author’s experience, 15
percent is a typical average value.

4.4 Flow diagram of production process

Lumber manufacturing was divided into four-unit processes: logyard, sawing, drying, and planing. A
boiler provided steam for drying. Boiler fuel data was collected through the lumber survey. The boiler,
however, is a general boiler for the wood industry and discussed in a separate report (Puettmann and
Milota 2017). Figure 4 shows the relationship between the processes and the woody inputs to and from
each process. Not shown are other inputs to each process such as fuels, electricity, and materials or the
outputs such as emissions. The transportation of materials between processes is accounted for by diesel
use. Other products may cross the system boundary in minor amounts.

Logs at
landing

Logs Rough
from dry
logyard lumber
Planed
Logyard » Sawing »  Drying » Planing dry
lumber

sawdust

Hog fuel

Figure 4 Diagram of relationship between processes used to create PNW planed dry lumber from
logs. Dotted line indicates that a portion of the product is burned at the dryer.

The logyard serves as a receiving area for logs. It also provides surge capacity so that the mill can operate
if the delivery of logs is interrupted. The logyard includes transport of logs to the mill, unloading logs,
grading, storing logs, and moving them to the merchandizer or debarker at the sawmill. The inputs to the
logyard are logs on a truck at the harvest site and fuels, mostly diesel, used in the machinery to move
logs. The output from the logyard is logs at the sawmill. A small percentage (~5 percent) of the logs are
sold offsite because they are the wrong size or grade for the sawmill to process.

The sawmill includes all debarking, sawing, chipping, and grinding required to convert the logs to rough
green lumber and co products. The process starts with debarking after which the logs are opened on a
head rig. The head rig creates lumber, flitches, and cants. The flitches and cants pass through resaws and
edgers and are cut into lumber. The lumber is then sorted and stacked. The bark is ground and either sold
or used as fuel. The saws create sawdust which is either sold or used as fuel. The slabs and edgings that
are not large enough to saw into lumber are chipped. The chips are sold to pulp mills.
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Drying includes the kilns which receive green lumber stacked on carts with wood spacers (stickers)
between the layers. The stickers allow air to flow between the layers in the dryer. The kilns are either a
continuous or batch process. The lumber in continuous kilns moves continually through the chamber at
rate of a few feet per hour. In a batch kiln the lumber is dried for 24 to 60 hours. It is then moved to the
dry shed or planer infeed. Some kilns are heated using steam generated by burning wood. Other kilns are
direct-fired by burning wood. In the latter case the burner is a part of the drying process.

Planing makes the lumber a uniform size and creates a smooth surface. It includes unstacking, planing,
grading, end trimming, sorting, and packaging. Occasionally some lengthwise sawing is done in the
planing process. The process includes moving the packages and loading for shipment.

5 Life cycle inventory analysis

The life cycle inventory in this section presents the unit process flows 1 m®. The LCI was calculated
based on 2012 production and the corresponding flows of materials during that period. No data gaps were
recorded.

5.1 Al- Resource extraction

Consideration of the logs used in the production of glulam d in the PNW region includes the
establishment, growth, and harvest of trees. This group of activities is collectively referred to as forest
resource management. Data for the forest resources management component of this analysis (Tables 3
and 4) come from Oneil and Puettmann (2017). For more details on the PNW Forest Operations see Oneil
and Puettmann (2017).

Table 3 summarizes the management inputs needed to establish crop trees and grow them to harvestable
size. It includes per hectare data for inputs needed for planting, site preparation, conifer release, pre-
commercial thinning, and fertilization, including fuels needed to apply herbicides and fertilizers and move
crews to and from the plantations. In both Oregon and Washington, forest regeneration following harvest
is required by law. Minimum stocking standards (number of trees per hectare) and requirements to protect
them from being overtopped by competing vegetation are set forth in the Washington Administrative
Code (Washington State Legislature 2005, WAC 222-34-010) (WSL 2019) and the Oregon Forest
Practices Act (Oregon Department of Forestry 2008, 629-610-0020) (USDA 2008). While regeneration
from naturally occurring, seed is permitted under these regulatory frameworks, it is not commonly used
because the delays in regeneration can be substantial and costly, and this method can result in a failure to
adequately reforest the harvest area. Given that large private and industrial landowners are focused on the
efficient production of their crops of trees, it also does not make economic sense to forego planting in
favor of an uncertain outcome from naturally regenerated stands. Over the past decade, plantation
management strategies have moved away from dense planting for early crown closure to a more targeted
approach that relies on early weed control, low-density planting, and post planting herbicide applications
as required. All harvested acres are planted, with an average planting density of 1,092 trees per ha (442
trees per acre).
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Table 4 Management and Harvest Timeline and Yield (Oneil and Puettmann, 2017)

Prescription Scenarios Commercial Thin Ground Cable
Entry Period/Rotation Age 25 50 50
Planting Density (Trees/ha) 0 1092 1092
Fertilization None 35 None
Pre-commercial Thin None Year 15 None
Number of Trees/ha 0 741 0
Commercial Thin (m*/ha) 92 0 0
at Year 25 0 0
Final Harvest (m*/ha) 0 575 531
at Year 0 50 50
Total Harvest (m*/ha) 92 575 531
Percent Thinned 100% 14% 0%
Average Yield (m3/ha/year) 4 12 11
Percent Land in Category - Base 8% 52% 40%

No primary data using time motion studies or similar methods were collected for this project. Productivity
data for forest harvesting operations were based on logging equipment and equipment configurations
developed in spreadsheet models used by Oneil and Puettmann (2017) and cross validated to primary
survey data for the suite of available equipment options and sizes that are commonly used in the PNW
Douglas-fir region (Table 4). Final fuel consumption rates are based on the allocation of total volume
harvested using each harvest system to arrive at an average fuel consumption per cubic meter for the
region. Fuel consumption for crew transport to conduct harvest operations was calculated from average
haul distance, fuel efficiency of common vehicle types (4 x 4 trucks), and equipment productivity
estimates (cubic meters per day per operation). Two-person crews per vehicle were assumed.

Table 5 Harvesting Inputs (per cubic meter) (Oneil and Puettmann, 2017)

System Fuel Consumption Lubricant Consumption
L/m? L/m?
Commercial Thinning
(cut-to-length processor, skidder, loader) 2.372 0.043
Ground based Harvesting
(feller-buncher, shovel yarder, slide boom processer, loader) 3.172 0.057
Cable Harvesting
(hand felling, skyline, cut-to-length processor, loader) 3.029 0.055
Weighted average - ground harvesting systems 3.062 0.055
Overall weighted average - all harvest systems 3.051 0.055
Weighted average, crew transport all harvest operations 0.210 0.002
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5.2 A2 - Transport of raw materials from extraction site

Delivery of logs and materials to the mills is by truck. The mill producing the lumber takes possession of
the logs when they are delivered”. Other transportation was for purchased wood fuel as an input materials
into the boilers (Table 5).

5.3 A3 - Lumber Manufacturing

5.3.1 Equipment: type and fuel consumption

The equipment used in the manufacturing process falls into two broad categories, stationary machines and
rolling stock (wheeled machinery, such as forklifts, for moving materials within a production facility).

Stationary machinery in the sawing unit process includes debarkers, crosscut saws, headrigs, resaws,
edgers, sorters, scanners, stackers, and conveyors and other handling equipment. Stationary equipment in
the planing unit process includes unstackers, moisture meters, planers, trim saws, sorters, scanners,
stackers, and conveyors and other handling equipment. Stationary equipment is powered electrically.

Rolling stock, such as loaders, are used to move logs in the logyard unit process. Rolling stock is used to
move packages of lumber from one-unit process to another and to load the final product for transport.
Rolling stock is mainly powered by diesel but also by a smaller amount of gasoline and propane.

5.3.2 Onsite energy production

Thermal energy used in the drying process is created by burning wood by making steam from wood at a
boiler (indirect-heated kilns). The combustion of wood and its emissions at the kiln was a part of this
survey. The unit process for a wood boiler was surveyed and reported under a different project. In either
case, the wood almost always comes from residues produced on site; however, some is purchased
depending on market conditions. If purchased, it is likely that the wood comes from a sawmill producing
a similar product. Pacific Northwest mills reported the use of wood cogeneration plants and natural gas
boilers.

5.3.3 Energy use and generation

Steam is used in the drying process and is generated on site from a wood-fired or natural gas boiler. The
unit process for a wood boiler was surveyed and reported under a different project (Puettmann and Milota
2017) (Table 8). The wood almost always comes from residues produced on site; however, some is
purchased depending on market conditions. If purchased, it is likely that the wood comes from a sawmill
producing a similar product. There is electricity generation on site (at some facilities with wood boilers)
with the electricity used on site or sold. Lines for this are not shown in Figure 4. The turbine is considered
part of the boiler and also not shown in Figure 4.

Steam is produced for the drying unit process. A gas boiler was used to produce 9.2 percent of the steam
supplied to the dryers. A wood boiler produced the remaining 90.8 percent. No steam was purchased from
off site.

A wood boiler (Table 5) produces steam by burning woody fuel (wood and bark) that is mostly supplied
from processes on site. Table 5 is a composite wood boiler that represents sawmills, plywood, and OSB

2 Note that transport is modeled as an input to the logyard rather than a stand-alone unit process and will appear
as aninputin Table 7.
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facilities in both the western and the southern U.S. The boiler used 0.195 kg of bone-dry wood to generate
1 kg of steam. The woody fuel may come from the sawmill process. Surveys of PNW sawmills reported
residuals include bark, sawdust, and hog fuel. Hog fuel is a variable mixture of bark and wood that could
not be used in other products. Woody fuel also comes from the planer process in the form of planer
shavings and sawdust. The residuals from the sawmill are green and have a higher moisture content than
the residuals from the planer. These residuals are mixed when fed to the boiler to provide a fuel that has
good combustion properties. It was assumed that the offsite fuels come from a similar source, a sawing
process or a planing process, and are transported to the site.

Of the fuel burned, 78.1 percent was produced on site and 21.9 percent was purchased and produced off
site. The fuel supplied to the boiler is 12.9 percent planer shavings, 59.1 percent hog fuel, and 6.1 percent
green sawdust produced at the mill. The balance, 21.9 percent, was purchased hog fuel. The purchased
fuel (0.219 kg/kg) was reported as 99 percent hog fuel and transported 70.4 km. The transportation for
this fuel at 100 percent moisture content was 0.03066 tkm/kg. Wood boilers produce ash in addition to
steam. The ash is most often used as a soil supplement to replace fertilizer; however, it is sent to land fill
in some cases.
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Table 6 Inputs to wood boiler per bone dry kg of wood fuel combusted (Puettmann and Milota
2017)

Products Value Units Allocation,
per kg percent

Wood combusted, at boiler, at mill, kg, PNW/ US 1.00E+00 kg 98.1
Wood ash, at boiler, at mill, kg, PNW/ US v1.2 1.91E-02 kg 1.9
Resources
Water, process, surface 3.10E-01 kg
Water, process, well 2.40E-01 kg
Water, process, surface 7.90E-01 kg
Water, process, well 2.40E-01 kg
Materials/fuels
Shavings, kiln dried, at planer, kg / PNW_US 1.29E-01 kg
Hogfuel, softwood, green, at sawmill, kg / PNW_US 5.91E-01 kg
Sawdust, softwood, green, at sawmill, kg / PNW_US 6.09E-02 kg
Hogfuel, softwood, green, at sawmill, kg / PNW_US 2.19E-01 kg
Transport, combination truck, diesel powered 3.07E-02 tkm
Diesel, loaders and haulers 8.05E-04 1
Gasoline, loaders and haulers 3.95E-05 1
Propane, loaders and haulers® 1.21E-05 1
Engine oil, in engines of loaders and haulers 5.00E-06 kg
Engine oil, stationary equipment 1.90E-05 kg
Hydraulic fluid for loaders and haulers 7.00E-06 kg
Hydraulic oil for stationary equipment 4.50E-05 kg
Transmission fluid, loaders and haulers 4.00E-07 kg
Ethylene glycol, at plant 1.07E-06 kg
Solvent, at plant/US 5.00E-08 kg
Solvent, at plant/US 6.70E-07 kg
Water treatment, at plant/US 1.23E-04 kg
Boiler streamline treatment 3.67E-06 kg
Oils, mobile equipment 2.00E-06 kg
Oils, stationary equipment 1.00E-05 1
Urea, as N, at regional storehouse 3.15E-03 kg
Disposal, ash, to unspecified landfill 7.59E-03 kg
Disposal, solid waste, unspecified, to unspecified landfill, 7.26E-06 kg
RNA
Metal, to recycling, RNA 3.96E-08 kg
Electricity/heat
Electricity, at grid, US 8.20E-02 kWh
Natural gas, combusted in industrial boiler/US 1.38E-03 m3
Emissions to air
Acetaldehyde 1.05E-06 kg
Acrolein 8.07E-07 kg
Benzene 1.69E-07 kg
Carbon monoxide, biogenic 3.23E-03 kg
Carbon dioxide, biogenic 1.76E+00 kg
Wood (dust) 5.62E-04 kg
Emissions to air
Formaldehyde 1.26E-05 kg
HAPs 6.27E-06 kg
Hydrogen chloride 1.17E-06 kg
Lead 1.75E-07 kg
Mercury 1.83E-09 kg
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Methane, biogenic 2.23E-05 kg

Methanol 7.95E-06 kg
Nitrogen oxides 1.10E-03 kg
Particulates, < 10 um 4.71E-04 kg
Particulates, <2.5 um 1.39E-04 kg
Phenol 6.21E-07 kg
Propanal 5.14E-08 kg
Sulfur dioxide 7.71E-05 kg
VOC, volatile organic compounds 8.76E-04 kg
Dinitrogen monoxide 2.93E-06 kg
Naphthalene 5.77E-08 kg
Other Organic 2.11E-07 kg
Emissions to water

Suspended solids, unspecified 8.35E-07 kg
BODS, Biological Oxygen Demand 2.10E-06 kg

At some mills the wood-fired boiler also provides steam to a turbine which produces electricity. The
electricity might be used on site or it is sold to the grid. Steam leaving the turbine might be further used in
the drying operation. The turbine process is shown in Table 6. It is assumed that steam is returned to the
boiler and cooling water is reused. It was further assumed that 1.66 kg of steam could produce 1 kWh at
100 percent efficiency. An 85 percent turbine efficiency was assumed so that 1.95 kg of steam was
required for 1 kWh. For this steam the boiler requires 0.380 kg/kWh of wood fuel.

Table 7 Inputs and outputs for the Cogen Plant per kWh produced.

Products Value pg'nl:t\;’/h Alloco/z:tlon,
Electricity from turbine using steam from the wood 1.00 kW-hr 100.0
boiler, US PNW
Electricity/heat
Wood Combusted, at boiler, at mill, PNW/ US 0.381 kg

5.3.4 Logyard operations

The logyard unit process begins with logs plus the attached bark on a truck at the harvest site and ends
with logs plus the attached bark delivered to the infeed sawing process. Transportation of the logs from
the landing are included. Log trucks arrive at the logyard and are unloaded by diesel-powered wheeled
loaders with log grapples (also referred to as on-site loaders and haulers or rolling stock). The unloading
machines are a part of the logyard unit process. The log truck might be weighed in and out; however, all
mills reported log input on a volume basis, either board feet or cubic feet. When the log trucks are
unloaded the logs are either piled in a storage deck or they are spread out, graded visually, then
transferred to the deck. The logs are stored in the decks for weeks to months. Having an inventory in the
decks allows the mill to keep running even when log deliveries are temporarily interrupted due to
weather, fire season, or supply issues. The logs are then removed from the deck and taken to the
merchandizer or debarker at the infeed of the sawmill. Logs not appropriate for the sawmill are sold of
site. A small amount of logs, 0.6 percent of what enters, leaves the facility because the logs are not
suitable for sawing (Table 7). An example is a defective log or a veneer-quality log. Table 7 shows the
products from and inputs to this process. Allocation was based on bone dry mass. Logyard technology
updates and improvements were reported in 1999 for one mill and 2010 to 2012 for the other mills.
Improvements included a flare reducer, paving, and new loaders.
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Logs entering were reported on a volume basis, log scale or cubic feet. Log scale is a century-old method
of measuring logs in which measurements of diameter and length are used to predict the board feet of
lumber to be recovered from the log. Due to technology changes and changes in average log diameter, log
scale greatly underestimates the board feet currently recovered and there is a complicated relationship
between log scale and actual volume. The log scale quantities reported were converted to cubic volume
using a factor of 139.5 BF/m® (3.95 BF/ft) based on Figure 4 in Mann and Lysons (1972). This reference
also contains details of the log scale to cubic relationship. The burdens brought to the logyard by the logs
due to resource extraction are described in section 4.6.1 and include the fuels and materials used in forest
regeneration and harvesting. One mill did report some logs in cubic feet. These were directly converted to
cubic meters.

Transportation from the harvest site (landing) to the logyard, although shown as a separate process in
Figure 4, is included as an input here. The transportation distance was 108 km. The wood mass was based
on a weighted average specific gravity of 0.434 calculated from 47.6 percent Douglas-fir logs at 0.45 and
52.4 percent hem-fir logs at 0.42. This is from:

0.434 = (0.476 x0.45) + (0.524x0.42)

The weighted average moisture content was 82.8% calculated as:

0.48 x 450 KOueet , 0,65 K920 0 52, 420 KGeca , 4 Ko
82.8% = 100 x m KGwood m KGuwood

43 4 kg wgod
m

This gives a green log density of 793.7 kg'm™ calculated from:

793.7—K9 _ _434_ K9 x(1+0.828kgi]

3 3
mgrn wood mdrywood gdrywood

The mass of the bark was assumed to be what was produced from the logs by the sawing process plus half
of the hog fuel. The sawing process yielded 52.4 kg of dry bark and 119.4 kg of dry hog fuel for each 1.68
m® of logs sawn. The average moisture content for bark is 75 percent based on Miles and Smith (2009).
Thus, the bark weight associated with 1 m3 of logs to the sawmill was 116.8 kg calculated from

c ” 1+ o.75kkgHZO
116.8 M = {524 kgdrybark + AX 1194 kgdryhogfuel X gdeark

3
rnlog hogfuel 1 68 r.nlog

For each 1 m® of log to the sawmill, 1.0059 m3 of log enters the process. Thus, the total green mass
entering the logyard is 915.9 kg/m* calculated from:
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3

m_ .
9159 kg: (7937 kgwood +1 16'8kgbark)><1'0059 3 oo

logto sawmill

The logyard unit process uses 4.26 kg/m® of water for sprinkling log decks. This is done to prevent stain

and cracking. Diesel, gasoline, and liquefied petroleum gas were used as fuel for rolling stock (wheeled

machinery, such as loaders, forklifts, and lumber carriers) for log unloading and moving logs through the
process. Lube oil, hydraulic oil, grease, and antifreeze were also used in rolling stock. Lubricants are also
used in stationary equipment and solvents for cleaning. Several materials go to a landfill including wood,

bark, dirt, and rocks from logyard clean up. Some metals, oils, and antifreeze were recycled. Some
unspecified organics and inorganics are also disposed of. These were represented as processes with no

off-site impacts in SimaPro (often referred to as dummy processes). A small amount of electricity is used
in the logyard (Table 7). This would be for lighting and instrumentation. Electricity either came from the

western grid or from self-generated biomass power. The logyard emissions consist of dust, particulates,

and volatile organic compounds to the air and suspended solids, BOD, and oils to water, the sum of which

is about 0.1 g/m’.

Table 8 Inputs and outputs for the logyard process. Values are per m® of wood leaving logyard and

delivered to sawmill for PNW of US

Products

Roundwood sawlogs, softwood, green, at logyard
Roundwood sold off site , softwood, green, at logyard,

Resources

Water, process, surface
Water, process, well
Materials/fuels

Softwood logs with bark, harvested at average intensity site in

Pacific Northwest US

Transport, combination truck, diesel powered
Diesel, loaders and haulers

Gasoline, loaders and haulers

Propane, loaders and haulers

Lube oil, in engines of loaders and haulers
Hydraulic fluid for loaders and haulers
Antifreeze, 50% solution, loaders and haulers
Transmission fluid, loaders and haulers
Other lubes and grease for loaders and haulers
Hydraulic oil for stationary equipment
Greases, stationary equipment

Oils, stationary equipment

Solvents for cleaning

Landfill, woody material

Landfill, dirt and rocks

Landfill, other organics

Landfill, other inorganics

Recycle, metals

Recycle, used oil

Recycle, antifreeze

Recycle, bulbs and batteries
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Value

1.00E+00
5.90E-03

2.24E+00
2.02E+00

1.01E+00
9.89E+01
4.00E-01
4.36E-03
5.38E-03
2.18E-03
3.30E-03
3.64E-04
2.80E-04
1.30E-03
1.50E-03
4.20E-04
4.40E-04
1.90E-06
1.57E-03
2.42E-03
7.26E-05
2.91E-04
1.33E-04
8.84E-05
1.16E-05
1.50E-06

Units per

m3

m3

m3

kg
kg

tkm

— et [ [ [ = | —

kg
kg
kg
kg
kg
kg
kg
kg
kg

Allocation,

%
99.4
0.6
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Electricity/heat

Electricity, at grid, WECC 1.63E+00 kWh
Electricity from a turbine using steam from wood boiler 4.50E-01 kWh
Emissions to air

Wood (dust) 5.99E-03 kg
Particulates, > 10 um 5.50E-03 kg
Particulates, < 2.5 um 2.30E-03 kg
VOC, volatile organic compounds 6.87E-05 kg
Emissions to water

Suspended solids, unspecified 6.70E-04 kg
BODS3, Biological Oxygen Demand 3.60E-03 kg
Oils, unspecified 3.50E-05 kg

5.3.5 Sawmill Operations — Production of un-planned green lumber

The sawing process begins when logs with bark are received from the logyard and ends when rough sawn
green lumber is stacked on stickers and transported to the dryer. Additionally, chips, sawdust, bark, and
hog fuel are created in the sawing process, all in the green condition. Table 8 shows the products from
and inputs to this process. Coproduct masses are bone dry. Allocation was based on bone dry mass.

A combination of decks and conveyors move the logs and lumber through the system. Logs are first
debarked. Dimension mills often have a scanning system to optimize bucking to match the log
characteristics and order file while stud mills, with a more restricted product line, buck to stud lengths.
The logs are then scanned prior to sawing so that the location of the saw cuts made by the headrig will
maximize the value of the product from the log. A variety of lumber sizes are produced by the headrig.
Additional sawing machine centers include resaws and edgers. Most mills have a curved resaw (curve
saw) so that logs with mild sweep can be sawn more efficiently. These additional machine centers create
lumber that will meet the grading rules after drying and planing. Additional scanning occurs at the
machine centers to optimize the recovery. Pieces may pass through more than one saw.

After sawing, the flow from all machine centers goes to a single (usually) sorting line. Here the pieces are
lugged, scanned, and trimmed to length. The length trim is done if the end of a piece has a grade-limiting
defect and its value can be raised by trimming. The pieces are then sorted by thickness for drying. They
are also often sorted for length and width. Finally, the lumber is stacked on stickers (spacers) in units that
are removed from the sawmill by a diesel-powered forklift. The units are 1.2 to 1.5 m in width and 20 to
30 layers in height.

Sawmills reported improvements and updates ranging from 2009 to 2012. These were either new
equipment, such as a debarker or log turner, or improvements in technology such as a trim optimizer or a
feed optimizer.

Lumber was reported as board feet in each lumber size (for example 50,000 BF of 2x4 and 150,000 BF of
2x6). The mills’ values reported in board feet were converted to cubic meters as described in section 4.1
of this report using the actual lumber dimensions reported by each mill. All mills reported actual
dimensions (target size) for each rough green lumber size.

The rough green lumber leaving the process was reported as 47.8 percent Douglas-fir and 52.2 percent
hem-fir to give a weighted average specific gravity of 0.434 or 434.3 kg of bone-dry wood per m’®
(calculated as shown in section 5.1 for logs). One m® of wood was produced from 1.68 m? of logs for a
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conversion efficiency of 59.5 percent based on the inputs. Products are more accurately measured than
logs and the lumber is 57.6 percent of the wood leaving the sawmill. The balance of the wood leaving is
chips, sawdust, and hog fuel. Lumber was 50.1 percent by dry mass of all products, including bark,
leaving the mill. Chips are sold for paper making and are the most valuable coproduct leaving the sawing
process. Of the wood leaving the sawmill, 28.1 percent is chips (211.7 kg). Sawdust, 6.5 percent (48.8
kg), is sold for panel products or used as fuel. Hog fuel (119.4 kg), a mix of wood and bark, is used as
boiler fuel. The woody portion (50%) of the hog fuel represents 8.1 percent of the entering wood (59.7
kg). The bark portion (50%) of the hog fuel and the bark totaled 112.1 kg (119.4/2+52.4) or about 13.3
percent of the wood mass entering the sawmill. Miles and Smith (2009) indicate that the bark portion
should average 16 to 17 percent. It is likely that some bark is lost in handling.

The mass balance on woody material (bone dry wood and bark) for the sawmill can be calculated as:

Inputs = 841.7 Kg,ooanavarc =1.68 Mg «434.3%9 | 112.1kg,,,
m

Outputs =866.6 Kg\ougangbarc = 1M rper x434.3%+21 1.7 KQpe +
48.8 KG, et + 119.4 kG +52.4 kG

The difference, 24.9 kg or 2.9 percent is well within the ability to measure the material flows. Allocation
among the products is based on mass. The mass of the wood and bark products totals 866.6 kg. Thus, the
lumber allocation is 50.1 percent (from 434.3 kg / 866.6 kg). The other product allocations are calculated
similarly.

The sawmill used water for cooling machinery and sawblades, 50.1 kg/m’. Diesel, gasoline, and liquefied
petroleum gas were used as fuel for rolling stock for moving lumber from the process. Lube oil, hydraulic
oil, grease, and antifreeze were also used in rolling stock. Lubricants are also used in stationary
equipment and solvents for cleaning. Some plastic and metal strapping are used. Wood pieces are used for
runners and lath placed within units for support and stability. Several materials go to a landfill including
woody materials, some organic and inorganic materials. Some metals, oils, and antifreeze were recycled.
Electricity is used in the sawmill to operate motors, instrumentation, and lighting. Electricity either came
from the western grid or from self-generated biomass power. The sawmill emissions consist of dust,
particulates, and volatile organic compounds to the air (Table §).
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Table 9 Unit process inputs/outputs for sawing for the production of 1 m® of rough green lumber
for PNW of US

Products Value Units, Allocation,
per m® %

Sawn lumber, softwood, green, rough, at sawmill 1.00E+00 m? 50.1

Chips, softwood, green, at sawmill 2.12E+02 kg 24.4

Sawdust, softwood, green, at sawmill 4.88E+01 kg 5.6

Hogfuel, softwood, green, at sawmill 1.19E+02 kg 13.8

Bark, softwood, green, at sawmill 5.24E+01 kg 6.1

Resources

Water, process, surface 3.79E+01 kg

Water, process, well 1.22E+01 kg

Materials/fuels

Softwood logs from logyard to sawmill, PNW_US 1.68E+00 m?

Diesel, loaders and haulers 2.30E-01 1

Gasoline, loaders and haulers 1.10E-02 1

Propane, loaders and haulers 2.20E-02 1

Lube oil, in engines of loaders and haulers 2.20E-03 1

Hydraulic fluid for loaders and haulers 4.20E-03 1

Antifreeze 50% solution, loaders and haulers 3.94E-04 1

Transmission fluid, loaders and haulers 2.80E-04 1

Other lubes and grease for loaders and haulers 1.29E-03 1

Hydraulic oil for stationary equipment 8.00E-02 1

Greases, stationary equipment 5.90E-03 1

Oils, stationary equipment 8.60E-02 1

Solvents for cleaning 7.40E-05 kg

Babbitt alloy 2.00E-04 kg

Antistain for fungal growth 1.03E-04 kg

Marking ink 5.57E-03 kg

Softwood lumber from planer, m* / dry / PNW_US (wood runners) 3.80E-02 m3

Hot rolled sheet, steel, at plant (strapping) 7.36E-03 kg

Recycled postconsumer PET flake (plastic trapping) 1.59E-03 kg

Landfill, woody material 1.63E-03 kg

Landfill, other organics 6.10E-04 kg

Landfill, other inorganics 3.60E-02 kg

Recycle, metals 1.25E-03 kg

Recycle, used oil 2.96E-04 kg

Recycle, antifreeze 3.88E-05 kg

Recycle, bulbs and batteries 2.54E-05 kg

Electricity/heat

Electricity, at Grid, WECC 1.98E+01 kWh

Electricity from a turbine using steam from the wood boiler, 6.06E+00 kWh

US PNW

Emissions to air

Wood (dust) 4.03E-03 kg

Particulates, > 10 um 6.17E-03 kg

Particulates, < 2.5 um 1.79E-03 kg

VOC, volatile organic compounds 1.15E-04 kg
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5.3.6 Drying Operations — Production of un-planned dry lumber

The drying process begins with rough sawn green lumber placed at the dryer and ends with rough sawn
dry lumber delivered to the planer. Sometimes an intermediate holding area is used so the packages of
rough green lumber can be more optimally loaded into the kiln. There are no other products from this
process. Table 9 shows the product from and inputs to this process. Mills do not report a rough dry
lumber dimension, so it was assumed that a cubic meter into the process yielded a cubic meter out. There
is, in reality, approximately 4-5 percent volume loss due to shrinkage and a corresponding increase in
specific gravity. These two factors offset each other so that on a mass basis the bone-dry wood into the
process equals the bone-dry mass leaving. This assumption will be accounted for in the planing process
for which the green target size and green specific gravity will be used for the dry lumber entering that
process. Because both green lumber and dry lumber enter the planing process and we know green
dimension (but we do not know the actual dimension after drying), it is convenient to ignore the
shrinkage at the dryer. This way green and dry can be treated the same (in terms of green dimensions) at
the planer.

Kilns are chambers that are 16 to 40 m in length, usually with a left side and a right side. There is a set of
tracks on each side so lumber can be rolled through the kiln on carts. Each side holds a track of lumber
approximately 2.4 to 3 m in width (two units wide) and two to three units (4 to 5 m) in height.

There are fans that circulate air through the sticker slots between the layers of lumber. Steam heat
exchangers (heating coils) provide the energy to heat the air to the desired temperature. The humidity is
controlled by ventilators which open to release moist warm air and intake ambient air. The humidity can
be raised by releasing live steam into the chamber. The temperature and humidity in the kilns are
controlled to a drying schedule, a series of dry-bulb and wet-bulb temperatures designed to remove
moisture as quickly as possible without damaging the wood. The maximum drying temperature ranges
from about 80 to 100°C.

A forklift or a modified front end loader is used to push the carts of lumber into and out of the kiln. The
drying is a batch process and lasts from 24 to 72 hours, depending on the product, species, and kiln
capability. There were no continuous kilns in the region at the time of the survey.

The wood enters the kiln at a moisture content of approximately 65 to 70 percent for Douglas-fir and
100% for hemlock. Moisture contents are on a dry basis so 100 percent means that half of the weight is
wood and half is water. The wood is dried to 19 percent or less to meet the grade specification. Due to the
piece-to-piece moisture content variability, the average moisture content ranges from 14 to 16 percent
when dry.

The wood dried was reported as 32 percent Douglas-fir (SG=0.45, MC=65%) and 68 percent hem-fir
(SG=0.42, MC=100%) to give a weighted average specific gravity of 0.430 or 430 kg/m’ of bone-dry
wood. This was calculated from:

0.430 = 0.32x0.45 + 0.68x0.42

Note that the species proportions are different than the sawmill because some Douglas-fir is not dried and
is sold as planed green whereas nearly all hem-fir is dried.

The wood contained 379.2 kg/m® of water when entering and 64.4 kg/m® when leaving so that 314.8
kg/m® of water was removed. This is vented as a vapor. It is calculated from:
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314.8XGueer _ 3 ><450kgL§°dx(0.65 ~0.15 Qe j +
m m gwood

0.68 x 420kng°dx (1 -0.15 kgwater J
m gwood

Steam produced from a natural gas or wood fuel was used to heat the drying process. Two mills reported
steam use at the kiln that would suggest 100 percent kiln efficiency (approximately 300 kg steam/m’
while the other mills reported 500 to 709 kg steam/m?). These are clearly impossible values and could not
be resolved with the mills, so the low values were not included in the weighted average. After excluding
the low values, a wood-fired boiler provided 548 kg steam/m’ and a natural gas boiler provided 41 kg
steam/m’ for a total of 589 kg steam/m’. This is 1.87 kg of steam per kg of water removed or an
efficiency of 53.5 percent. The fuel mix was entered in proportion to that reported by the mills. The
impacts of producing steam from natural gas are accounted for by combusting 2.6 m* of natural gas
boiler.

Dry kilns use water for a wet-bulb thermometer. Mills reported a weighted average water use of 10.8
kg/m® (Table 9) which is higher than would be used only by the wet-bulb (the author predicts this value to
be 2 to 4 kg/m3) and it is uncertain why the reported value is this high. Diesel, gasoline, and liquefied
petroleum gas were used as fuel for fork ifts and modified front end loaders used for moving lumber into
the kiln, out of the kiln, and to the planer. Lube oil, hydraulic oil, grease, and antifreeze were used in
rolling stock. Lubricants are also used in stationary equipment and solvents for cleaning.

Wood is used for stickers to separate the boards during drying. A small amount of material goes to
landfill or is recycled. These were represented as processes with no off-site impacts. Electricity, 11.5
kWh/m® (Table 9), is used in the dryer to operate motors, instrumentation, and lighting. Electricity either
came from the western grid or from self-generated biomass power. The kiln emissions consist of dust,
particulates, volatile organic compounds, and HAPs to the air. The total HAPs are 0.036 kg/m3, 96
percent of which is methanol and acetaldehyde (Table 9). These are created when wood is heated. The
woody fuel burned at the direct-fired kilns totaled 58.65 kgm® (Table 9) of which 58.5 kg/m® were
produced on site and 0.15 kg/m® were transported to the mill. The transported fuel was 100 percent green
sawdust. The transportation distance was 88.5 km and the transportation effort were 0.03 tkm/m’.

The efficiency of the drying process, 41 percent, was estimated from:

399.5Kg, ., xz.zekM"
41% = Juater %100
511kg,.. x2.163- ™ . 5865kg, . x2093 "W .09, .
gsteam gwood
MJ

0.011L,, x26.62—

prop
prop

This efficiency seems low. The author would have expected an efficiency in the 50-55 percent range.
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Table 10 Unit process inputs and outputs for drying 1 m*® of rough green lumber. Values are per m*

of rough dry lumber, PNW of US.

Products

Sawn lumber, softwood, dry, at kiln, PNW_US
Resources

Water, process, surface

Water, process, well

Materials/fuels

Softwood lumber from sawmill, m3 / green / PNW_US
Diesel, loaders and haulers

Gasoline, loaders and haulers

Propane, loaders and haulers

Lube oil, in engines of loaders and haulers

Hydraulic fluid for loaders and haulers

Antifreeze 50% solution, loaders and haulers
Transmission fluid, loaders and haulers

Other lubes and grease for loaders and haulers
Hydraulic oil for stationary equipment

Greases, stationary equipment

Oils, stationary equipment

Solvents for cleaning

Softwood lumber from planer, dry / PNW_US (stickers)
Landfill, other inorganics to

Recycle, metals

Electricity/heat

Electricity, at Grid, WECC

Electricity from a turbine using steam from the wood boiler, US_ PNW
Wood Combusted, at boiler, at mill, kg, PNW/ US
Natural gas, combusted in industrial boiler/US, Athena
Emissions to air

Particulates, > 10 um

Particulates, < 2.5 um

VOC, volatile organic compounds

Methanol

Formaldehyde

Acetaldehyde

1-Propanol

Acrolein
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Value

1.00

3.2
7.6

1.00
1.40E-01
9.46E-03
1.88E-03
1.30E-03
2.20E-03
2.62E-04
2.90E-04
1.30E-03
1.50E-03
3.70E-04
9.30E-04
5.40E-06
4.68E-04
3.40E-03
1.63E-05

8.90
2.60
106.9
2.60

4.72E-03
1.49E-03
1.06E-01
1.50E-02
3.13E-04
2.00E-02
1.46E-04
8.18E-04

Units

per m?
3

kWh
kWh
kg

kg
kg
kg
kg
kg
kg
kg
kg

Allocation
percent

100.0
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5.3.7 Planing Operations — Production of packaged planed dry lumber

The planing process begins with units of rough dry lumber placed at the infeed to and ends with packaged
planed dry lumber loaded for shipment (Table 10). Additionally, sawdust, and planer shavings, chips, and
wood flour are created in the planing process, all in the dry condition. Coproducts are expressed as bone
dry masses.

The units of rough dry lumber are tipped so that the pieces are separated from the stickers. The stickers
are collected, stacked, and reused. The lumber is singulated and oriented for longitudinal flow for planing.
It then passes through the planer. There is a moisture meter after (sometimes before) the planer. The
lumber is reoriented for transverse flow after the planer. The lumber is then graded, trimmed, sorted and
stacked.

The product is packaged in units that are composed of lumber of a single thickness, width, and (usually)
length. Lath is placed between some layers in the unit to prevent the side pieces from falling when the
consumer opens the unit. The units are usually covered with a paper wrap. End paint might be applied,
and the unit might be stenciled. The units are banded with plastic banding. Runners are banded under the
units to allow access for the fork lift tines. The packaged units are then placed on the transport vehicle.

The planed lumber leaving the process was reported as 49.9 percent dry Douglas-fir (SG=0.48), 44.3
percent dry hem-fir (SG=0.45.) and 5.8 percent green Douglas-fir (SG=0.45).

The inputs to plane the green lumber could not be separated from the inputs to plane dry lumber because
mills do both, sometimes in the same shift. The inputs for green and dry are probably very similar per m®
of lumber. No attempt was made to separate this data. It was also assumed that the green Douglas-fir was
planed to the same dimensions as dry Douglas-fir and had the same specific gravity (in practice, the sg is
slightly lower for green offsetting the slightly greater dimensions). With this assumption, the bone-dry
mass of a board foot of planed green lumber is very similar to that of planed dry lumber of the same
nominal dimensions. The bone-dry mass of one cubic meter of planed dry lumber was 466.7 kg calculated
from:

466.79uset _ (0,499 1 0.058)x 480 uees | 0443 x 450 Gecs
m m m

The coproduct masses were 51 kg/m® of shavings, 1.96 kg/m® of sawdust, and 6.6 kg/m® of chips for a
total mass leaving the process of 526.3 kg/m® of bone-dry wood.

The volume of lumber entering the process is 1.14 m*/m®. This volume entering is based on the rough
green dimensions reported by the mills. Using the green specific gravities, this is 497.8 kg of bone-dry
wood calculated as:

m3

497.8"Gueosn 1 44™M { (0.499 + 0.058)x 450 Fueos 0.443><420kgL§°"j
m m m m

Green specific gravities are used because the conversion from board feet to cubic meters was made using
the rough green dimensions because the rough dry dimensions are not known (see the first paragraph in
section 5.4 for a more detailed explanation). The difference between the inputs and outputs is 28.4 kg or
5.4 percent, within the ability to measure the material flows.

The planer used water for cooling machinery and dust control, 7.0 kg/m® (Table 10). Diesel, gasoline, and
liquefied petroleum gas were used as fuel for rolling stock for moving lumber from the process to truck,
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rail, or ships. Lube oil, hydraulic oil, grease, and antifreeze were used in rolling stock. Lubricants are also
used in stationary equipment and solvents for cleaning. Wrapping material, strapping, ink, cardboard, and
wood were used to package the product. The wood is used for runners and lath within units. Several
materials go to a landfill including woody materials, some organic and inorganic materials. Some metals,
oils, and antifreeze were recycled. Electricity, 14.3 kWh/m?, is used in the planer to operate motors,
instrumentation, and lighting. Electricity either came from the western grid or from self-generated
biomass power. The planer emissions consist of dust, particulates, volatile organic compounds, and a very
small number of HAPs to the air (Table 10).
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Table 11 Unit process inputs and outputs for producing 1 m® of planed dry lumber from rough

lumber for PNW of US

Products

Sawn lumber, softwood, planed, kiln dried, packaged, at planer
Shavings, kiln dried, at planer

Sawdust, softwood, kiln dried, at planer

Chips, softwood, kiln dried, at planer
Resources

Water, process, surface

Water, process, well

Materials/fuels

Softwood lumber from dryer, dry / PNW_US
Diesel, loaders and haulers

Gasoline, loaders and haulers

Propane, loaders and haulers

Lube oil, in engines of loaders and haulers
Hydraulic fluid for loaders and haulers
Antifreeze in loaders and haulers at 50%
Transmission fluid, loaders and haulers

Other lubes and grease for loaders and haulers
Hydraulic oil for stationary equipment

Greases, stationary equipment

Oils, stationary equipment

Solvents for cleaning

Paint, end coat

Marking ink

Packaging - Wrapping material

Softwood lumber from planer for runners, dry / PNW_US
Softwood lumber from planer for lath, dry / PNW_US
Recycled postconsumer PET flake for strapping
Cardboard

Antistain for fungal growth

Landfill, woody material to

Landfill, plastic strapping to

Landfill, other organics to

Landfill, other inorganics to

Recycle, metals

Recycle, antifreeze

Recycle, bulbs and batteries

Electricity/heat

Electricity, at Grid, WECC

Electricity from a turbine using steam from the wood boiler, US PNW
Emissions to air

Wood (dust)

Particulates, > 10 um

Particulates, < 2.5 um

VOC, volatile organic compounds

HAPS, unspecified

Value

1.00
51.0
1.96
6.60

5.2
1.8

1.14
4.40E-01
7.46E-03
6.60E-03
4.40E-03
9.00E-03
8.69E-04
7.70E-04
2.98E-03
2.00E-02
3.30E-03
2.50E-02
2.78E-05
5.80E-04
6.97E-04
3.80E-01
2.98E-03
2.55E-04
1.40E-01
2.65E-03
2.50E-03
2.53E-03
4.61E-05
5.53E-04
3.30E-02
1.14E-03
1.54E-03
2.59E-05

9.8
4.50

7.74E-04
6.73E-03
1.20E-03
3.47E-03
2.27E-04

Units, per
m?
m
kg

kWh
kWh

kg
kg
kg
kg
kg
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Allocation,

percent
88.7
9.7
0.4
1.3

36



5.3.8 Packaging
Table 12 Materials used in packaging and shipping per m* PNW softwood lumber (allocated)

Material Value PNW US
Wrapping Material kg 3.37E-01
Plastic strapping kg 1.24E-01
Cardboard packaging kg 2.35E-03
Runners & Lathe (wood) kg 7.26E-01
TOTAL kg 1.19E+00

Packing materials represent only 0.26 percent of the cumulative mass of the model flow (Table 11). The
wooden runners and lathe for spacers make up the bulk of this mass, representing 61 percent of the total
mass of the packaging material. The wrapping material and strapping made up, 28 and 10 percent of the
packaging by mass. Cardboard strap and corner protectors represent only 0.20 percent of the total
packaging by mass.

5.4 Secondary Data Sources

Table 12 list the secondary LCI data sources used in this LCA study for raw material inputs, ancillary
materials and packaging, transportation of materials and resources, fuels and energy for manufacturing,
water sources, and waste streams.
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Table 13 Secondary Data Sources and Data Quality Assessment

Al: Raw Material Inputs
LCI Data Source
Database: CORRIM dataset

Inputs
Wood resource

Process: Softwood logs with bark,

harvested at average intensity site, at
mill, US PNW

A2: Raw Material Transportation

Inputs LCI Data Source
Trucking Database:
USEI22
(Datasmart2018)
Process:
Transport, combination truck, Diesel
powered NREL/US U
A3: Manufacturing
Energy Inputs LCI Data Source
Electricity Database:

Ecoinvent 3.4

Process:
Electricity, low voltage {WECC}|
market for | Cut-off, U

Geography Year
North America — 2010 -2019
Region Specific
Geography Year
North America 2018
Geography Year
North America — 2018
Region Specific
egrid
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Data Quality Assessment

Technology: good
Process models region-specific technology.

Time: good
Data is less than 10 years old

Geography: very good
Data is representative of regional production.

Data Quality Assessment

Technology: very good
Process models average North American technology

Time: good
Data is less than 10 years old

Geography: very good
Data is representative of North American trucking.

Data Quality Assessment

Technology: very good
Process models average electricity technology specific to regional
grids

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of regional electricity generation.

38



Natural Gas

Liquid Propane

Gasoline

Diesel
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Database: North America
USEI2.2
(Datasmart2018)

Process:
Natural gas, combusted in industrial
boiler/m3 NREL/US U

Database: North America
USEI2.2
(Datasmart2018)

Process:
Liquefied petroleum gas, combusted in
industrial boiler NREL/US U

Database: North America
USEI2.2
(Datasmart2018)

Process:
Gasoline, combusted in equipment
NREL/US U

Database: North America
USEI2.2
(Datasmart2018)

Process:
Diesel, combusted in industrial
equipment NREL/US U

2018

2018

2018

2018

Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American natural gas production
and consumption.

Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American propane production and
combustion.

Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American propane production and
combustion.

Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good

Data is representative of North American diesel production and
combustion.
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Biomass Combustion

Ancillary Materials
and Packaging
Hydraulic Fluid
and Lubricants

Antifreeze

Solvents

Plastic Strap
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Database: CORRIM Data
Process:

Wood Combusted, at boiler, at mill,
kg, /US

LCI Data Source
Database:
USEI2.2
(Datasmart2018)

Process:

Lubricating oil, at plant/US- US-EI U

Database:
USEI22
(Datasmart2018)

Process: ethylene glycol, at plant/US -

US-EIU

Database:
USEI2.2
(Datasmart2018)

Process:
Hexane, at plant/US- US-EI U

Database:
USEI22
(Datasmart2018)

Process:
Polyethylene, HDPE, granulate, at
plant/US- US-EI U

North America

Geography

North America

North America

North America

North America

2015

Year

2018

2018

2018

2018

Technology: very good
Process represents combustion of biomass in an industrial boiler.

Time: very good
Data is within two years

Geography: very good
Data is representative of North American biomass combustion.

Data Quality Assessment

Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American processes.
Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American processes.
Technology: very good
Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good

Data is representative of North American production and
combustion.

Technology: very good

Process models average North American technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of North American processes.
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Anti-Sapstain

Paints and Marking
Ink
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Database: Global
Database:
Ecoinvent 3.4

Process:

Wood preservative, water-based,
outdoor use, no ground contact
{GLO}| production | Cut-off, U

Database: Global
Database:
Ecoinvent 3.4

Process:
Chemical, organic {GLO}| production
| Cut-off, U

2018

2018

Technology: very good
Process models average global technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of global processes.

Technology: very good
Process models average global technology

Time: very good
Data is less than 5 years old

Geography: very good
Data is representative of global processes.
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6 Life cycle impact assessment

The life cycle impact assessment (LCIA) phase establishes links between the life cycle inventory results
and potential environmental impacts. The LCIA calculates impact indicators, such as global warming
potential and smog. These impact indicators provide general, but quantifiable, indications of potential
environmental impacts. The target impact indicator, the impact category, and means of characterizing the
impacts are summarized below. Environmental impacts are determined using the TRACI method (Bare
2011, 2012). Each impact indicator is a measure of an aspect of a potential impact. This LCIA does not
make value judgments about the impact indicators, meaning comparison indicator values are not valid.
Additionally, each impact indicator value is stated in units that are not comparable to others. For the same
reasons, indicators should not be combined or added. Additionally, the LCIA results are relative
expressions and do not predict impacts on category endpoints, the exceeding of thresholds, safety margins
or risks. The primary fuels categorized into non-renewable (fossil and nuclear) and renewable (biomass,
geothermal, solar, wind, hydro). Table 13 summarizes the source and scope of each impact category
reported in this report as required to be in conformance with the PCR.
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Table 14 Selected impact indicators, characterization models, and impact categories

Reporting Category Per Tables E1-ES in
ISO 21930:2017

Core Mandatory Impact Indicators
Core Mandatory Impact Indicators
Core Mandatory Impact Indicators

Core Mandatory Impact Indicators
Core Mandatory Impact Indicators

Core Mandatory Impact Indicators

Core Mandatory Impact Indicators
Core Mandatory Impact Indicators

Use of Primary Resources

Use of Primary Resources

Use of Primary Resources

Use of Primary Resources

Secondary material, secondary fuel and
recovered energy

Secondary material, secondary fuel and
recovered energy

Secondary material, secondary fuel and
recovered energy

Secondary material, secondary fuel and
recovered energy

Mandatory Inventory Parameters

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicator Name

Global warming potential,
biogenic?

Global warming potential,
fossil

Depletion potential of the
stratospheric ozone layer
Acidification potential of
soil and water sources

Eutrophication potential

Formation potential of
tropospheric ozone
Abiotic depletion potential
(ADP fossil) for fossil
resources;

Fossil fuel depletion
Renewable primary energy
carrier used as energy
Renewable primary energy
carrier used as material
Non-renewable primary
energy carrier used as
energy

Renewable primary energy
carrier used as material

Secondary material

Renewable secondary fuel

Non-renewable secondary
fuel

Recovered energy
Consumption of freshwater
resources;

Hazardous waste disposed
Non-hazardous waste
disposed

High-level radioactive
waste, conditioned, to final
repository

Intermediate- and low-
level radioactive waste,
conditioned, to final
repository

Abbreviation

GWP

GWP

ODP

AP
EP

SFP

ADPf

FFD

RPRE

RPRM

NRPRE

NRPRM

SM

RSF

NRSF

RE

FW
HWD

NHWD

HLRW

ILLRW

Units

kg CO2e
kg CO2e
kg CFClle

kg SO2e
kg PO4e

kg O3e
MJ, NCV
MJ Surplus
MJ, NCV

MJ, NCV

MJ, NCV
MJ, NCV
kg
MJ, NCV
MJ, NCV
MJ, NCV

m3

kg

kg

kg or m3

kg or m3

3 This indicator includes both biogenic and fossil-based carbon released. The TRACI method was modified to

included CO2, biogenic removals and emissions
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Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste

Indicators Describing Waste
Additional Inventory Parameters for
Transparency

Additional Inventory Parameters for
Transparency

Additional Inventory Parameters for
Transparency

Additional Inventory Parameters for
Transparency

Additional Inventory Parameters for
Transparency

Additional Inventory Parameters for
Transparency

Cradle-to-gate environmental performance results for all reporting indicators listed in Table 13

Components for re-use

Materials for recycling

Materials for energy
recovery

Recovered energy exported
from the product system
Biogenic Carbon Removal
from Product

Biogenic Carbon Emission
from Product

Biogenic Carbon Removal
from Packaging

Biogenic Carbon Emission
from Packaging

Biogenic Carbon Emission
from Combustion of Waste
from Renewable Sources
Used in Production
Processes

Carbon Emissions from
Combustion of Waste from
Non-Renewable Sources
used in Production
Processes

CRU

MR

MER

EE

BCRP

BCEP

BCRK

BCEK

BCEW

CWNR

kg

kg

MJ, NCV
kg CO2e
kg CO2e
kg CO2e

kg CO2e

kg CO2e

kg CO2e

for PNW softwood lumber. The LCIA results in these tables show the absolute values for A1-Resource
extraction, A2-Transportation, and A3-Softwood Lumber Production. Table 14 for GWPrssii, 61 percent
of the CO; equivalent emissions come from producing lumber (37.17 kg CO; eq), with 22 percent
assigned to forestry operations (14 kg CO; eq). Transportation which is primary the transport of logs to
the sawmill was 10 kg CO» eq or 17 percent of the cradle-to-gate GWP impact.

Table 14 also provides indicators related to energy use, material resource consumption, and the waste
generated. The total cradle to gate energy use was 3,353 MJ/m®, which is comparable to 3,370 MJ/m* for
the 1999 study (Milota et al. (2005). Fossil energy, 789 MJ/m’, is used for machinery, transportation,
electricity, and drying. It is lower than in the 2005 report because fewer mills reported natural gas boilers.
The energy from renewable biomass, 2,431 MJ/m?, is almost all consumed for drying the lumber. This is
much higher than the 1,600 MJ/m? in the previous work (Milota et al. 2005) due to an increase use of
wood-fired boilers. Non-renewable fuel used represents 26 percent of the total energy and is used for
machinery, transportation, electricity, and some in drying. Renewable energy total is 2,489 MJ and non-

renewable represented 864 MJ. Purchased wood fuel represented 536 MJ.

Resource consumption was from renewable (the log) and non-renewable materials. Examples of

nonrenewable materials used in A3 include ink, wrapping, and strapping used for packaging. Most of the
freshwater use is in the A3 life cycle stage. Freshwater use was recorded for log sprays and boiler use

(0.37 m*).
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Most of the waste is generated in the A3 life cycle stage, representing 87 and 47 percent for hazardous
waste and non-hazardous waste, respectively.

Table 15 Environmental performance of 1 m® planed dry softwood lumber based on mass

allocation, PNW of the US

Core Mandatory Impact Indicator

Global warming potential, biogenic

Global warming potential, fossil
Depletion potential of the stratospheric
ozone layer

Acidification potential of soil and water
sources

Eutrophication potential

Formation potential of tropospheric
ozone

Abiotic depletion potential (ADPfossil)
for fossil resources

Fossil fuel depletion

Use of Primary Resources

Renewable primary energy carrier used
as energy

Renewable primary energy carrier used
as material

Non-renewable primary energy carrier
used as energy

Non-renewable primary energy carrier
used as material

Secondary Material, Secondary Fuel and Recovered Energy

Secondary material

Renewable secondary fuel
Non-renewable secondary fuel
Recovered energy

Mandatory Inventory Parameters
Consumption of freshwater resources
Indicators Describing Waste
Hazardous waste disposed

Non-hazardous waste disposed
High-level radioactive waste,
conditioned, to final repository
Intermediate- and low-level radioactive
waste, conditioned, to final repository
Components for re-use

Materials for recycling

Materials for energy recovery
Recovered energy exported from the
product system

Units
GWP kg CO2e
GWP kg CO2e
ODP kg CFClle
AP kg SO2e
EP kg Ne
SFP kg O3e
ADPf MJ, NCV
FFD MJ Surplus
RPRE MJ, NCV
RPRM MJ, NCV
NRPRE | MJ, NCV
NRPRM | MIJ, NCV
SM kg
RSF MJ, NCV
NRSF MJ, NCV
RE MJ, NCV
FW m®
HWD kg
NHWD kg
HLRW kg or m®
ILLRW  kgorm®
CRU kg
MR kg
MER kg
EE MJ, NCV

Al
(1,945.94)
13.58
9.41E-08

0.2031
0.0158

6.09

168.39
25.24

0.62
10,717.89

171.12

0.0133

0.0004
1.3071

A2

10.22

10.22

1.71E-08

0.0565
0.0052

1.63

127.89
19.21

0.27

129.74

0.0010

0.0000
0.9871
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A3
1,996.69
37.17
2.20E-06

0.2786
0.1957

6.85

497.34
56.59

2,487.56

563.68

0.3549

0.0028
3.7070

Total
60.97
60.97

2.31E-06

0.5381
0.2167

14.57

793.62
101.04

2,488.46
10,717.89

864.55

0.3692

0.0032
6.0012
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7 Interpretation

As defined by ISO (2006), the term life cycle interpretation is the phase of the LCA that the findings of
either the LCI or the LCIA, or both, are combined consistent with the defined goal and scope in order to
reach conclusions and recommendations. This phase in the LCA reports the significant issues based on
the results of the presented in LCI and the LCIA of this report. Additional components report an
evaluation that considers completeness, sensitivity and consistency checks of the LCI and LCIA results,
and conclusions, limitations, and recommendations.

7.1 Identification of the Significant Issues

The objective of this element is to structure the results from the LCI or the LCIA phases to help determine
the significant issues found in the results and presented in previous sections of this report. A contribution
analysis was applied for the interpretation phase of this LCA study. Contribution analysis examines the
contribution of life cycles stages (Al and A3), unit process contributions in a multi-unit manufacturing
process, or specific substances which contribute an impact.

7.2  Life cycle phase contribution analysis

For global warming impact, 83 percent of the CO, equivalent emissions come from producing softwood
lumber (A3), with 22 and 17 percent assigned to extraction (A1) and transportation (A2), respectively
(Table 15). Within A3, 79 percent of GWP impact was from the contribution of biogenic CO, emissions
from the combustion of wood biomass during lumber drying. Lumber production (A3) represented the
highest impacts in all environmental impact categories (GWP, eutrophication, acidification, smog, and
ozone depletion). Cradle-to-gate, freshwater use was also almost exclusively consumed during the A3 life
cycle stages (96%) (Table 15).

All the renewable fuels were used in the A3 life-cycle stage (Table 15). Renewable fuels represented the
greatest proportion of energy consumption (82 percent) cradle-to-gate (A1-A3) (Table 16). Resource
extraction (A1) and transportation (A2) primarily use nonrenewable fossil fuels at 98 percent of total fuel
use (Table 16). Biomass energy was primarily used in drying lumber in kilns (A3) and represented 80
percent of the total energy for A3. In summary, total energy, which includes fuel for process heat and
equipment and electricity, comes from 24 percent fossil fuels, 73 percent wood fuel, 2 percent nuclear,
and 2 percent from other renewable (Table 16)
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Table 16 Cradle-to-gate PNW softwood lumber LCIA contribution analysis results for Al-
Resource extraction, A2-Transporation, and A3-Softwood lumber production

Indicator Name Abbreviation Al A2 A3 Total
Global warming potential, fossil GWP kg CO2e 22% 17% 61% 100%
Depletion potential of the
stratospheric ozone layer ODP kg CFCl1e 4% 1% 95% 100%
Acidification potential of soil and
water sources AP kg SO2e 38% 10% 52% 100%
Eutrophication potential EP kg Ne 7% 2% 90% 100%
Formation potential of tropospheric
ozone SFP kg O3e 42% 11% 47% 100%
Abiotic depletion potential
(ADPfossil) for fossil resources ADPf MJ, NCV 21% 16% 63% 100%
Fossil fuel depletion FFD MJ Surplus 25% 19% 56% 100%
Renewable primary energy carrier
used as energy RPRE MJ, NCV 0% 0% 100% 100%
Renewable primary energy carrier
used as material RPRM MIJ, NCV 100% 0% 0% 100%
Non-renewable primary energy
carrier used as energy NRPRE MJ, NCV 20% 15% 65% 100%
Non-renewable primary energy
carrier used as material NRPRM MIJ, NCV
Secondary material SM kg
Renewable secondary fuel RSF MJ, NCV 0% 0% 100% 100%
Consumption of freshwater
resources; FW m3 4% 0% 96% 100%
Hazardous waste disposed HWD kg 13% 1% 87% 100%
Non-hazardous waste disposed NHWD kg 22% 16% 62% 100%

Table 17 Cradle-to-gate PNW softwood lumber LCIA energy use contribution analysis results for
Al-Resource extraction, A2-Transporation, and A3-Softwood lumber production

Unit Total Al A2 A3

Non-renewable, fossil MJ 23.54% 98.05% 98.36% 16.16%
Non-renewable, nuclear MJ 2.25% 1.59% 1.43% 2.32%
Non-renewable, biomass MJ 0.00% 0.00% 0.00% 0.00%
Renewable, biomass M 72.50% 0.05% 0.04% 79.67%
Renewable, wind, solar, geothermal MJ 0.63% 0.09% 0.05% 0.68%
Renewable, water MJ 1.09% 0.22% 0.13% 1.18%

100% 100% 100% 100%

7.3 Uncertainty Analysis

Some degree of uncertainty is present in the results due to the variation amongst different data providers.
Table 17 provides several statistics for the modeling parameters found to be most significant in lumber
production. The significant parameters are haul distance, water use, and electricity use. In addition,
lumber recovery is also significant for lumber manufactures, so coproduct production and green lumber
production are also presented. The standard deviation for each of these parameters was calculated based
on the sample data and was used to perform sensitivity analysis on these parameters.
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Table 18 Survey data statistics for Selected Parameters

Weighted S.t d'. Mean Minimum Maximum
Average Deviation
A3-Log Yard
Haul Distance km 108.00 45.92 103.14 49.00 162.00
Water Use L/m? 4.26 12.90 9.74 0.71 31.00
A3-Sawmill
Electricity | kWh/m? 25.81 5.32 29.59 0.00 0.00
Coproducts Produced kg/m? 432.30 76.33 108.08 48.80 211.70
Green Lumber Produced m? 307,509 43,930 249,732 10,812 116,920

Table 18 shows sensitivity analysis in which the original input amount was multiplied by 1+ the standard
deviation calculated for each parameter. For example, the standard deviation of the hauling distance for
logs was found to be 45.92 km — which is 43 percent of the baseline model amount of 108 km. The
sensitivity scenario thus represents 143 percent of the original haul distance. This was further extrapolated
to take haul distance to 186 and 200 percent above baseline (weighted average). As the possibility of
harvesting restrictions, we wanted to see the impact of increasing the transportation distance would have
on the overall impact of lumber production from cradle-to-grave. Results presented in Table 18 show that
doubling the transportation distance had a significant impact on every impact category ranging from
increases in impacts from 87 percent in non-hazardous waste to 100 percent increase in impact categories
such as smog and freshwater consumption. Abiotic depletion for fossil resources and GWP had a 91 and
90 percent increases. As logging restrictions are becoming a real issue in the PNW, these results are just
some of the unintentional consequences of reducing logging in a region while still maintain the same use
of wood.

48
CORRIM-Consortium for Research on Renewable Industrial Materials - Cradle-to-gate LCA of US PNW Lumber



Table 19 Sensitivity analysis on hauling distance of logs to softwood lumber manufacturing cradle
to gate totals

Indicator Name Abbreviation Units Baseline Haul 43% Haul 86%  Haul 100%
Global warming potential GWP kg CO2e 60.97 65.36 69.76 116.11
Depletion potential of the
stratospheric ozone layer ODP kg CFCl1e 0.00 0.00 0.00 0.00
Acidification potential of soil
and water sources AP kg SO2e 0.54 0.56 0.59 1.04
Eutrophication potential EP kg Ne 0.22 0.22 0.22 0.43
Formation potential of
tropospheric ozone SFP kg O3e 14.57 15.28 15.98 28.22
Abiotic depletion potential
(ADPfossil) for fossil
resources; ADPf MIJ, NCV 793.62 848.62 903.61 1,514.35
Fossil fuel depletion FFD MJ Surplus 101.04 109.30 117.56 191.13
Renewable primary energy
carrier used as energy RPRE MIJ, NCV 2,515.61 2,515.73 2,515.85 5,031.07
Non-renewable primary energy
carrier used as energy NRPRE MJ, NCV 896.95 955.83 1,014.71 1,715.85
Renewable secondary fuel RSF MIJ, NCV 535.90 535.90 535.90 1,071.80
Consumption of freshwater
resources; Fw m3 0.3696 0.3700 0.7378 0.3696
Hazardous waste disposed HWD kg 0.0032 0.0032 0.0063 0.0032
Non-hazardous waste disposed NHWD kg 6.4257 6.8501 11.4398 6.4257

7.4 Limitations

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

This LCA report documents the results of a ‘cradle-to-gate’ analysis and is not a comparative assertion,
defined as an environmental claim regarding the superiority or equivalence of one product versus a
competing product that performs the same function. This LCA does not make any statements that the
product covered by the LCA is better or worse than any other product.
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8 Treatment of Biogenic Carbon

The treatment of biogenic carbon in this LCA follows the requirements set out in the reference PCR.
Reporting of biogenic carbon removals and emissions is reported in as per ISO 21930 standard (ISO
2017). When biogenic carbon enters the product system it is characterized in the impact assessment with a
factor of -1 kg CO; eq. During production, biogenic carbon emissions (CO,) are released through the
combustion of biomass fuels in boilers. As per ISO 21930, when biogenic carbon leaves the product
system as CO; emission it has a factor of +1 kg CO, eq. When any wood material (product and
coproducts) that contain biogenic carbon leaves the system boundary, it must be expressed with a factor
of +1 kg CO; eq.

Forests are understood as a natural system with multiple functions, the production function of timber
being one of them. Therefore, natural growth and decay processes including natural disturbances, etc., are
not attributable to the production function of forests and are therefore not considered in LCA.

Harvesting operations lead to temporal decreases in forest carbon pools in the respective stand. Impacts
on forest carbon pools resulting from the sustainable or unsustainable management of forests, however,
cannot be defined or assessed on stand level but requires the consideration of carbon pool changes on
landscape level, i.e., the level based on which management decisions are made. Resulting from the
fundamental principle of sustainable forest management to preserve the production function of forest,
total forest carbon pools can be considered stable (or increasing) under sustainable forest management.
This is due to the fact that temporal decreases of forest carbon pools resulting from harvesting on one site
are compensated by increases of carbon pools on the other sites, forming together the forest area under
sustainable forest management.

It is acknowledged that excessive extraction of slash, litter or roots for the purpose of bioenergy
generation can lead to decreases in forest carbon pools. These activities, however, are not causally linked
to the extraction of timber for the material use of wood. Effects on forest carbon pools related to the
extraction of slash, litter or roots are not attributable to the material use of wood and are therefore not
considered in this document.

In order to reflect the biogenic nature of wood, its renewability and its potential carbon neutrality, the
system boundary between nature and the product system under study is defined as follows:

e  Wood entering the product system from nature accounts for the energy content and the biogenic
carbon content as material inherent properties.

o All technical processes related to forestry operations intended to produce timber, (e.g. stand
establishment, tending, thinning(s), harvesting, establishment and maintenance of forest roads)
are considered within the system boundary and are subject to co-product allocations as outlined in
the reference PCR.

e Potential implications due to the unknown origin of wood or unsustainably produced timber are
considered.

¢ Human induced impacts on forest carbon pools resulting in deforestation are included.

As the degradation of forest carbon pools resulting from unsustainable management of forests cannot be
attributed to a specific log but is a process on landscape level, the effect of forest degradation is taken into
account by not assuming carbon neutrality. In the case of land-use changes from forests to other land uses
(e.g., deforestation), the loss of carbon in the forest carbon pools are to be taken into account.

50
CORRIM-Consortium for Research on Renewable Industrial Materials - Cradle-to-gate LCA of US PNW Lumber



Consideration of the biogenic carbon neutrality of wood is valid for North American wood products as

national level inventory reporting shows overall increasing and/or neutral forest carbon stocks in recent
4

years”.

Using the method described above, -1960 kg COze (A1) were removed in the production of 1 m? of
softwood lumber. That same 1 m® of lumber stores 233 kg of carbon or +853 kg COse (C3/C4). The
coproducts produced during lumber production account for an additional +901 kg CO,e (A3) for a total
“emission” in wood product leaving the system boundary of +1,754 kg CO,e. The combustion of wood
fuel emitted 207 kg COze. Packaging results in little removal (-2.2 kg CO;e) and emission (+0.90 kg
COze) (AS). In summary, total removals was -1,962 kg CO,e and total “emissions” was +1,962 kg CO-e
from cradle-to-gate (A1-A3) (Table 19). In Table 19, CO, flows are presented unallocated to consider co-
products leaving the product system (A3). In accordance with ISO 21930, emission from packaging
(BCEK) is reported in AS and emission from main product is reported in C3/C4. The system boundary for
this LCA only includes module A1-A3.

Table 20 Biogenic carbon inventory parameters

Additional Inventory Parameters Al A2 A3 AS C3/C4 Total
kg CO2e

Biogenic Carbon Removal from

Product BCRP (1,959.52) (1,959.52)
Biogenic Carbon Emission from

Product BCEP 901.24 853.00 1,754.24
Biogenic Carbon Removal from

Packaging BCRK (2.2019) (2.2019)
Biogenic Carbon Emission from

Packaging BCEK 0.8966 0.8966

Biogenic Carbon Emission from
Combustion of Waste from Renewable
Sources Used in Production BCEW 206.58 206.58

4 National forest carbon stocks are reported under the United Nations Framework Convention on Climate Change.
See Table 7.1 for United States forest carbon stocks and Table 7.1 for Canadian forest carbon stocks. Canadian
forest carbon stocks have fluctuated near net neutrality in recent years (ranging from -98 Tg to +69 Tg since 1990)
while United States forest carbon stocks have shown annual stock increases of 600-900 Tg annually since 1990.
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9 Discussion

In 2013 CORRIM updated Milota et al. (2005) to reflect updates in electricity grids and wood boilers
(Puettmann et al. 2013). At that time, an LCIA was also conducted using the LCI data developed by
Milota (2005). The updates were necessary to comply with the 2015 PCR for North American Structural
Wood Products so an EPD on North American Softwood Lumber could be produced
(http://www.awc.org/pdf/EPDs/Softwood Lumber EPD.pdf).

As noted earlier, total energy for producing 1 cubic meters of softwood lumber from the PNW was 3,353
M]J, 15 percent lower than the 3,960 MJ/m*® from Milota et al. (2005) (Table 14). The 2013 updated report
had nearly the same total energy as the current report (3,532 MJ/m®). The 2013 report only updated
electricity and wood boiler data, where this current study updated the full gate-to-gate LCI data for
sawmill lumber production. It is worthy to note that although total energy has changed significantly, the
type of fuel also changed. When comparing the 2013 updated study with the current study, energy
generated from renewable biomass sources increased by 57 percent. While, fossil fuels decreased by 52
percent from the 2013 updated study.

An LCIA was not performed on the 2005 LCI (Milota et al.) as it was not required under current
CORRIM protocol at the time. The current data shows a reflection in impacts directly associated with the
change in energy source. Global warming impacts (fossil only) decreased by 46 percent while
acidification and eutrophication increased by 54 and 630 percent, respectively (Table 20). Other
measurements in material use changed significantly primarily because of requirement changes in
reporting details between the previous PCR (FPInnovations 2015) and the current PCR (UL 2019) under
which this report conforms too. Water use increased by 235 percent and waste decreased by 67 percent.

Table 21 LCIA comparison between updated 1999 LCI data and current study data on softwood
lumber production in the PNW of the US

Current Study Past Study based on
Impact category Unit based on 2012 1999 updated

production data production data
Global warming potential, fossil kg COz2 eq 60.97 112.29
Eutrophication Potential kg Neq 0.2167 0.0297
Smog Potential kg O3 eq 14.58 14.63
Non-renewable fossil MJ 789.21 1764.90
Non-renewable nuclear MJ 75.33 97.14
Renewable (solar, wind, hydroelectric, and
geothermal) MJ 57.44 72.95
Renewable, biomass MJ 2431.02 1597.26
Renewable materials, non-energy kg 1035.76 466.04
Fresh water L 369.16 105.74
Solid waste (hazardous and non-hazardous) kg 6.00 12.81
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10 Conclusions

The cradle to gate LCA for softwood lumber includes the LCI of forest resources that relies on secondary
and tertiary data and the LCI of manufacturing that relies on primary survey data and secondary data for
process inputs such as natural gas, diesel, and electricity. The survey results were representative
operations in the PNW region that would produce southern pine dimension lumber and studs. The survey
data are representative of the lumber sizes and production volumes consistent with trade association
production data.

Emissions from the forest resources LCI are small relative to manufacturing emissions. At the mill site
emissions to land and water are small. Mill site airborne emissions originate mainly at the boiler and
dryer. Electrical energy use is greatest in the sawmill with overall energy use and emissions dominated by
the drying process.

Lumber production (A3) consumed 91 percent of the total energy with 5 percent going to forest
operations and 4 percent to transport. All of the mill on-site heat energy was generated with wood. Energy
generated by renewable fuels, such as woody biomass, represents about 72 percent of the total energy
from cradle to gate. Making the PNW softwood lumber mills 72 percent energy self-sufficient. Wood fuel
produced from the co-products from processing wood onsite represented 78 percent of the biomass fuel
with the remaining 22 percent transported from other wood producing facilities. Total non-renewable
fossil fuel use was 24 percent of the total energy from cradle to gate. Forestry operations consumed 20
percent and transportation 15 percent of the overall non-renewable fuels consumed.

11 Critical review

11.1 Internal Review

The purpose of the LCA Report internal review is to check for errors and conformance with the PCR prior
to submittal to for external review. The technical and editorial comments of the reviewers were carefully
considered and, in most instances, incorporated into the final document. CORRIM addressed the internal
review comments, as appropriate, and maintains a record of all comments and responses for future
reference.

11.2 External Review

The external review process is intended to ensure consistency between the completed LCA and the
principals and requirements of the International Standards on LCA (ISO 2006) and ISO 21930 -
Sustainability in Buildings and Civil Engineering Works - Core Rules for Environmental Product
Declarations of Construction Products and Services (ISO 2017), the Product Category Rules for North
American Structural and Architectural Wood Products Part B (UL 2019) and Part A: Life Cycle
Assessment Calculations Rules and Report Requirements (UL 2018).

Following CORRIM’s internal review evaluation, documents were submitted to UL Environment (UL)
for independent external review. The independent external review was conducted by
Thomas Gloria, Ph.D., Industrial Ecology Consultants, LCACP ID: 2008-03.
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13 Units
Table 22 Wood conversion
To convert from to Multiply by
Board feet log scale > 0.00717

m
Board feet rough green or rough dry lumber = m®  Varies by lumber size, based on actual dimensions
Board feet planed lumber m® | Varies by lumber size, 0.00162 for 2x6
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-: Industrial Ecology Consultants
35 Bracebridge Road

Newton, Massachusetts 02459

Review of LCA Studies of Conformance to North American Structural and

Architectural Wood Product Category Rules
March 27, 2020

Introduction

Underwriters Laboratory Environment (ULE) commissioned a life cycle assessment (LCA) expert to
perform a verification of supporting LCAs to be used as the basis for Environmental Product Declarations
(EPDs) for North American Structural and Architectural Wood products (UN CPC 31 and NAICS 321).

The review was conducted by:
Thomas P. Gloria, Ph.D., LCACP
Managing Director, Industrial Ecology Consultants
Director, Sustainability Programs, Harvard University Division of Continuing Education

This document identifies the LCA studies under review and summarizes the review objectives and the
results of revisions made based on a first pass of the review.

LCA Studies Reviewed
The LCA studies reviewed include the following:

LCA Study Title Practitioner Date

LCA for the Production of Inland Northwest Softwood Lumber CORRIM March 2020
LCA for the Production of Northeast — Northcentral Softwood Lumber CORRIM March 2020
LCA for the Production of Oriented Strandboard Production CORRIM March 2020
LCA for the Production of Pacific Northwest Glued Laminated Timbers CORRIM March 2020
LCA for the Production of Pacific Northwest Engineered I-Joist, CORRIM March 2020
LCA for the Production of Pacific Northwest Softwood Lumber CORRIM March 2020
LCA for the Production of Pacific Northwest Laminated Veneer Lumber | CORRIM March 2020
LCA for the Production of Pacific Northwest Softwood Plywood CORRIM March 2020
LCA for the Production of Southeast Glued Laminated Timbers CORRIM March 2020
LCA for the Production of Southeastern Engineered 1-Joist CORRIM March 2020
LCA for the Production of Southeastern Softwood Lumber CORRIM March 2020
LCA for the Production of Southeast Laminated Veneer Lumber CORRIM March 2020
LCA for the Production of Southeast Softwood Plywood CORRIM March 2020
A C-t0-G LCA of Canadian Glulam Athena March 2020
A C-to-G LCA of Canadian Wood I-Joists Athena March 2020
A C-to-G LCA of Canadian Surfaced Dry Softwood Lumber Athena March 2020
A C-to-G LCA of Canadian Laminated Veneer Lumber (LVL) Athena March 2020
A C-t0-G LCA of Canadian Oriented Strandboard (OSB) Athena March 2020
A C-to-G LCA of Canadian Plywood Athena March 2020

Critical Review Objectives
The reviewer reviewed the LCA studies for conformance to the following applicable documents regarding
the ability to support Business to Business (BtB) EPDs:

- 1SO 14044:2006, Environmental management - Life cycle assessment - Requirements and guidelines;

- 1SO 14040:2006, Environmental management - Life cycle assessment - Principles and framework;

ISO 14025:2006, Environmental labeling and declarations - Type Il environmental declarations -
Principles and procedures;

1ISO 21930:2017, Sustainability in buildings and civil engineering works — Core rules for
environmental product declarations of construction products and services.



-I Industrial Ecology Consultants
35 Bracebridge Road

Newton, Massachusetts 02459

- UL Environment: PCR for Building-Related Products and Services - Part A: Calculation Rules for the
LCA and Requirements, v.3.2, December 2018.

- UL Environment: Part B: Structural and Architectural Wood Products EPD Requirements UL 10010-9
v.1.0. September 2018.

Review Results

A first pass review was performed, revisions were made by the LCA practitioners, Athena Sustainable
Materials Institute (Athena) and the Consortium for Research on Renewable Industrial Materials
(CORRIM). The documents listed above were reviewed against the general requirements for
conformance:

- Are methods used to carry out the LCA were consistent with 1ISO 14040/14044 standards?
- Are methods used to carry out the LCA were scientifically and technically valid?

- Are data used were appropriate and reasonable in relation to the goal of the study?

- Do interpretations reflected the limitations identified and the goal of the study?

- Was the study report transparent and consistent?

Summary

On the basis of the objectives set forth to review the aforementioned LCA studies, the reviewer
concludes that all studies conform to the applicable standards. The reviewer greatly appreciates the
responsiveness and cooperation of all parties involved in the review process.

Respectfully,

j/wwj“%u;

Thomas P. Gloria, Ph.D., Newton, Massachusetts
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Executive Summary

A cradle-to-gate life cycle inventory was done for construction lumber produced from logs in the Pacific
Northwest region of the United States. This is west of the Cascade Mountains in the states of Oregon and
Washington. The construction lumber is dimension lumber, 2x4 to 2x12, and studs. Seven mills (of eight
surveyed) provided data for 2012 lumber and co-product production, raw material and fuel use, electricity
consumption, and on-site emissions. The mills represented 25% of the regional production. Weighted
averages were made for the inputs from each mill to represent the inputs to lumber production for the
region.

Five processes existed within the mill, logyard, sawing, drying, planing, and energy generation. Data for
the first four processes came exclusively from the survey. The functional unit for each process was 1 m®
of wood leaving the process. Data for energy generation was based on nationwide wood boiler survey
that included the Pacific Northwest lumber mills. The logs were grown and harvested in forest
operations. Data for the forest operations was taken from previous CORRIM LCI datasets and reports.

Using mass allocation, the cradle-to-gate energy required to produce western lumber was 3,430 MJ per
m?® of planed dry lumber (3,400 MJ per m* with economic allocation), 96% of which is due to log
transport and wood processing. Wood fuel provides 71% of the energy while 26% is from fossil sources.
Drying consumes over 71% of the energy required for processing.

Using mass allocation, the global warming impact indicator for the production of 1 m? of planed dry
lumber is 58.7 kg CO2 eq (76.9 kg CO- eq with economic allocation), 85% of which is due to processing
and transport. A significant amount, 856 kg CO; eq, is stored in 1 m® of planed dry product.
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1 Background

The environmental consequences of producing a material such as lumber are carried forward into the life
cycle of products such as wooden structures. CORRIM, the Consortium for Research on Renewable
Industrial Materials, has derived life cycle inventory (LCI) data for major wood products manufactured in
several regions of the United States. The life cycle inventory data cover from forest regeneration through
to final product at the mill gate. Research has covered nine major forest products, both structural and
nonstructural, and four major regions.

This report describes the energy and materials for producing dimension lumber in the Pacific Northwest
(PNW) region of the United States (U.S.) through a cradle-to-gate life cycle inventory on the
manufacturing process. The environmental impacts, global warming, ozone depletion, acidification,
smog, and eutrophication are discussed. CORRIM performed a study with a similar goal and scope for
lumber produced during the 1999 calendar year (Milota et al. 2005)

Several mills were surveyed to determine their material use and energy consumption for the 2012
calendar year. The values were averaged after weighting by mill annual production to obtain an industry
average. Inputs included logs, fuels, packaging materials, and chemicals necessary for lumber
production. The products included lumber and other products that come from the log such as chips,
sawdust, planer shavings, bark, and hog fuel.

This report was prepared according to the outline in “CORRIM Guidelines for Performing Life Cycle
Inventories on Wood Products” dated 9-18-2014. The data collection was performed under “CORRIM
Guidelines for Performing Life Cycle Inventories on Wood Products”, undated, but current in the fall of
2012, a scientifically sound and consistent process established by CORRIM. It follows 1SO 14040
standards (ISO 2006) and the Product Category Rules (PCR) for North American Structural and
Architectural Wood Products (FPInnovation 2013) that will provide the guidance for preparation of North
American wood product Environmental Product Declaration (EPD).

2 Goal and scope of work

The scope of this study is to develop a cradle-to gate LCI and LCIA for the production of dry framing
lumber (dimension lumber and studs) from logs using practices and technology common to the PNW
region of the U.S. The immediate goal was to develop a gate-to-gate life cycle inventory for the
production of dry framing lumber from logs in western Oregon and Washington. The previously-reported
(Johnson et al. 2005) life cycle contributions of forest operations were used to enlarge this to a cradle-to-
gate study. One reason for the study is to provide data for the preparation of North American wood
product EPD. A second reason is to contribute to the USLCI data base so that more detailed life cycle
analyses of wooden structures can be performed. The results are intended for the individuals or
organizations that would use the USLCI database.



3 Description of industry

The lumber industry is a subset of the very broad forest products industry which also produces plywood,
fiberboard, particleboard, paper, cabinetry, furniture, millwork, and other products derived from trees.
The distinction is often made between the primary and secondary Forest Product Industries with the
former including products such as lumber and panels and the latter including products derived from
lumber and panels such as cabinets and furniture.

The lumber industry can be further segmented other ways. There are significant differences between
processing hardwood logs and softwood logs into lumber and very different markets for the products.
There are also regional differences between, for example, the processing of western lumber and the
processing of southern lumber and again differences between the markets. There are differences even
within a region. For example, different species of trees and different wood properties within the same
species are found on the east side of the Cascade mountains in Oregon and Washington compared to west
side.

3.1 Categories of products and co-products

The main product from PNW softwood sawmills is lumber. Other products (co-products) are also made
when logs, which are round in cross section, are processed into lumber, which is rectangular in cross
section. These co-products could include chips for pulp and sawdust and shavings for panels, paper, or
fuel. Logs arrive at the mill with much of the tree’s bark intact. The bark is removed and used for fuel or
landscaping. Another product of the mill is hog fuel which can be bark or a mix of bark and wood
depending on how individual mills classify it. Hog fuel goes to a boiler.

3.2 Annual operating and production statistics of the industry

Pacific Northwest U.S. mills accounted for 44% of the 28,000 million board feet (mmbf) (45 million m®)
of U.S. softwood lumber production in 2012. The PNW region (parts of Oregon and Washington west of
the Cascade mountains) account for 7,664 mmbf feet (12.48 million m?), or 27.3% of the nation’s
production. Over 95% of the PNW region’s production is Douglas-fir (Pseudotsuga menziesii) and hem-
fir. Hem-fir is a mix of western hemlock (Tsuga heterophylla) and true fir (Abies spp.) species.

There are approximately 155 sawmills in Oregon, Washington, and northern California with 1/3 of these
mills producing over 150 mmbf (million board feet) per year and 1/3 producing under 50 mmbf per year.
Most of the dimension lumber comes from larger mills while the smaller mills are more likely to cut
products such as beams or millwork.

Of the reporting mills, the annual production ranged from approximately 90 mmbf to less than 300 mmbf
with an average of 170 mmbf. The size of the largest mill is not stated for confidentiality purposes.
Excluding the smallest and largest mills the range of mill annual production was 130 mmbf to 200 mmbf.



3.3 Location of markets and typical transportation methods

About 60% of the lumber produced in the PNW is sold in the western states, 20% in the midwest, and the
balance to other states and export outside the U.S. Retailers directly purchase 20%, 45% is sold through
wholesalers or distributors, and the balance goes to other facilities for further processing.

Most of the lumber from the PNW region, 58%, is shipped by rail, 39% by truck, and 3% by water
(WWPA, 2013).

3.4 Plant types, age, efficiencies, and geographical distribution

Many sawmills have been on a site for many years; however, they have been continually updated to
remain competitive. Eighty percent of the mills reported upgrades to the log yard most of these since
2010. Upgrades include paving log yards and upgrading machinery for moving logs. All of the mills
reported sawmill upgrades since 2009 including handling equipment, saws, and optimizers. All of the
mills reported new or upgraded boilers since 2007. About half of the mills had kilns less than five years
old. All the mills reported major improvements at the planer since 2010. Automated grading was a
common upgrade in both sawing and planing operations.

3.5 Conversion efficiencies

The sawing (to produce rough green lumber) had an average recovery factor of 2.28 bfiymper/bfiog OF
overrun of 128% (bf = board foot). The cubic recovery ratio was 0.576 M3umser/ M*0q. When the overall
process is considered (to produce planed dry lumber), the cubic recovery ratio was 0.505 MPumper/M3iog.

3.6 Typical emission control measures by plant type

There was no pollution control equipment in the logyard. The process of sawing of green lumber either
had no pollution control except a bag house on certain equipment. There were no emissions control
devices on the dry kilns. Boilers most commonly had an electro static precipitator (wet or dry) often
followed by a baghouse. Emissions control at the planing process consisted of baghouses at all mills
where dry lumber was planed.

3.7 General types of wastes and emissions

The air emissions reported by most mills include dust, particulate matter (PM), volatile organic
compounds (VOCs), and hazardous air pollutants (HAPs). Mills classed as major sources under EPA
rules are required to report methanol, formaldehyde, phenol, acetaldehyde, propionaldehyde, and acrolein
which on the EPA’s HAPs list. If boilers are included, then there are some sulfur dioxide and oxides of
nitrogen emitted. There were other emissions to air reported in surveys, and varied considerably among
mills. For example, one mill reported traces of dioxin emissions, however, it was never clear why this
occurred. Only one mill reported liquid emissions. These include suspended solids, BOD, COD, and oil
and grease.

Most mills reported ash from the boilers and small amounts of plastic strapping and wood debris going to
landfill. The woody debris is most likely bark from logyard cleanup. It contains dirt and is not suitable
for use as a fuel or product. Approximately 90% of the boiler ash leaves the mill destined for agricultural
applications rather than a landfill. Many materials were recycled such as metals, plastic strapping,
antifreeze, and batteries.
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4 Product description

Lumber (Figure 1) can include a variety products ranging from boards to beams and timbers. Dimension
lumber and studs (framing lumber) are the main products produced at the mills in this study. Dimension
lumber and studs are structural products that consist mainly of lumber that is nominally (see next section
for discussion of nominal sizes) two inches in thickness and four to 12 inches in width. About half is
used for repair and remodeling and the other half for construction, both residential and nonresidential.
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Figre 1. Rough dry Iuber (left) on stickers at planer infeed and planed dry lumber wrapped for
shipping (right).

4.1 Dimensions

Dimension lumber is sold as 2x4, 2x6, 2x8, 2x10, and 2x12. Studs are sold as 2x4 or 2x6. These
numbers represent the nominal size of the lumber. The actual size of the lumber can vary depending on
the stage of processing. Take a 2x4 as an example. A 2x4 might be 41 mm in thickness and 94 mm in
width (1.61” x 3.7”) when green off the saw. This condition is called “rough green” in this report. After
drying the actual dimensions might change to 39 mm in thickness by 90 mm in width (1.55” x 3.55”).
This condition is called “rough dry” in this report. The dimensions after final finishing (planing) are 38
mm in thickness by 89 mm in width (the grading rules specify in inches, 1.5” x 3.5”, as the final size).
This condition is called “planed dry” in this report. The board is referred to as a 2x4 at each of the three
conditions even though the size changes. The planed dry size is the same for all mills. The rough green
and rough dry sizes vary among mills and depend on the sawing efficiency.

The planed dry thickness for dimension lumber is usually 38 mm but can be as much as 89 mm (up to
3.5”). The widths are 89, 140, 184, 235, and 286 mm (3.5, 5.5, 7.25, 9.25, and 11.25 inches in grading
rules) for 2x4, 2x6, 2x8, 2x10, and 2x12, respectively. Most (87.4%) of the rough green lumber in the
survey was in these sizes with 12.6% in other sizes, mostly 4x4 and 4x6. Nearly all (99.4%) of the planed
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dry lumber was in the 2x4 to 2x12 lumber sizes as the thicker pieces are more likely to be sold as planed
green lumber. The assumption was made that the processing inputs and emissions created when
producing these sizes were similar to dimension lumber because they were produced simultaneously at
the same facilities. Mills specializing in thicker products might use different technology so the study
results should not be applied in these situations. Slightly larger dimensions in width and length are
specified in the grading rules for planed green lumber. These were used for the 5.79% of the lumber that
was reported in the survey as planed green.

Dimension lumber is sold in lengths ranging from 2.42 m (8 ft) to 7.3 m (24 ft) in 0.61 m (2 ft)
increments. Studs are often 2.43 or 3.05 m (8 or 10 ft) but are also sold in odd lengths to match
construction practices, for example 2.35 m (92-5/8” for an 8’ wall minus allowances for the plates,
drywall, and flooring). Occasionally mills recover lumber shorter than 2.42 m.

The unit of commerce for lumber is the board foot. A board foot is the volume equivalent to 144 in® in
nominal volume or a piece of wood nominally 1”x1”x12”. The nominal size is used when calculating
board feet, not the actual size (actual size is what would be measured with a caliper). For example, a
0.305 m (1-foot or 12 inch) length of 2x4 contains 0.66 (2x4x12/144) board feet and it is 0.66 board feet
in the rough green, rough dry, or planed dry condition.

2" x 4" x 12"
in®
bf

= 0.66 bf
144

For the other dimensions there are 1 (2x6), 1.33 (2x8), 1.66 (2.19), and 2 (2x12) board feet per 0.305 m of
length (per lineal foot).

When converting lumber from board feet to cubic meters, the actual dimensions (as measured with a
caliper) were used in this report. This is typically, but not always, the case in commerce. Mills were
surveyed for the actual dimensions of their rough green lumber (called target size). As an example, if the
green target size for a 2x4 was 41 mm in thickness and 94 mm in width (1.61” x 3.7”), then there are
0.00117 m?® per 0.3048 m length ( 0.00117 m*/lineal foot). Because there are 0.66 board feet in the lineal
foot, there are 0.00178 m*/board foot or 563 bf/m®. For the same board after drying and planning to
38x89 mm, there are 0.00156 m®board foot or 640 board feet/m™. The reader should note that this is not
constant among the sizes. For example, there are 0.00166 m*/board foot or 602 board feet/m™ for a
planed dry 2x12.

The unit of commerce for logs in the PNW region is also board feet as measured by log scale. The scale
is West Side Scribner for all the surveyed mills except one mill which reported in ft®. There is not a
simple relationship between the log scale board foot and a cubic measurement. Figure 4 from Mann and
Lysons (1972) (reproduced in Figure 2) was used to make this conversion as 3.95 board feet log scale per
cubic foot of log (139.5 bf/m?). The reader not familiar with wood products should also be aware that the
volume of a board foot measured by log scale very different from the volume of a board foot of lumber.

It is not uncommon for a mill to produce two board feet of lumber from one board foot of log.
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Figure 2. Board foot to cubic foot ratio versus cubic volume. (Scribner log equation for west side
scaling practices; taper of 1 inch in 8 feet; volumes include 8 inches trim allowance.) (Mann and
Lysons 1972).

4.2 Wood Species

Douglas-fir and western hemlock dominate the species mix in western Oregon and western Washington.
The hemlock is sold as hem-fir and also includes some true firs. The specific gravity of Douglas-fir is
0.45 when green and 0.48 after drying. The specific gravity of hem-fir is 0.42 when green and 0.45 after

drying.
4.3 Moisture content

The green moisture contents for these species according to Table 4-1 in the USDA (USDA, 2010) are
37% for Douglas-fir heartwood, 115% for Douglas-fir sapwood, 85% for western hemlock heartwood,
and 170% for western hemlock sapwood. It is the industry custom that these are on a dry basis so that 1
kg of wood at 100% moisture content contains 0.5 kg of water and 0.5 kg of bone dry wood. The wood
arriving at a facility is a mixture of heartwood and sapwood. The moisture content also varies seasonally.
In the author’s experience Douglas-fir enters the mills at 65% to 70% and western hemlock at 90% to
110% average moisture content. The mills know when incoming moisture content changes; however, it
not something they measure on a regular basis because logs are bought and sold by log scale and not
weight. Four mills’ survey responses averaged 101.4% for Douglas-fir chips and 126% for hemlock
chips. Chips will have a higher moisture content than the log or lumber because the chips contain a
higher proportion of sapwood. One mill reported 50 to 150% moisture content for lumber. The wide
range makes this response not usable. Another reported 122% for chips, Douglas-fir lumber, and
hemlock lumber. This estimate seemed questionable because it is well know that the species have very
different moisture contents. Therefore 65% and 100% were used for the average green moisture contents
for Douglas-fir and hem-fir, respectively.
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After drying the grading rules specify that the lumber moisture content is 19% or less. Mills reported dry
moisture contents between 15 and 19% or just “<19%” in some cases. For all dry lumber, 15% was used.
Given the variability, it is very likely, especially with hemlock, that the lumber is dried to this level to get
the wetter pieces under 19%. In the author’s experience, 15% is a typical average value.

4.4 Flow diagram of production process

Lumber manufacturing was divided into four unit processes: logyard, sawing, drying, and planing. A
boiler provided steam for drying. Boiler fuel data was collected through the lumber survey. The boiler,
however, is a general boiler for the wood industry and discussed in a separate report (Puettmann and
Milota 2015). Figure 3 shows the relationship between the four unit processes and the wood flow through
each process. Not shown are non wood inputs to each process such as fuels, electricity, and materials or
the outputs such as emissions. The transportation of materials between processes is accounted for by
diesel use. Other products may cross the system boundary in minor amounts. For example, rough green
lumber might be sold off site.

Steam from gas
or wood boiler

Logs at
landing

Logyard

Sawing Planing dry

lumber

Hog fuel

Figure 3. Diagram of relationship between wood processing unit processes used to create PNW planed
dry lumber from logs. Residual products may be used at the boiler or sold off site.

The logyard serves as a receiving area for logs. It also provides surge capacity so that the mill can
operate if the delivery of logs is interrupted. The logyard includes transport of logs to the mill, unloading
logs, grading, storing logs, and moving them to the merchandizer or debarker at the sawmill. The inputs
to the logyard are logs on a truck at the harvest site and fuels, mostly diesel, used in the machinery to
move logs. The output from the logyard is logs at the sawmill. A very small percentage (~0.5%) of the
logs are sold offsite because they are the wrong size or grade for the sawmill to process.

The sawmill includes all debarking, sawing, chipping, and grinding required to convert the logs to rough
green lumber and co products. The process starts with debarking after which the logs are opened on a
head rig. The head rig creates lumber flitches and cants. The flitches and cants pass through resaws and
edgers and are cut into lumber. The lumber is then sorted and stacked. The bark is ground and either sold
or used as fuel. The saws create sawdust which is either sold or used as fuel. The slabs and edgings that
are not large enough to saw into lumber are chipped. The chips are sold to pulp mills.
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Drying includes the kilns which receive green lumber stacked on carts with wood spacers (stickers)
between the layers. The stickers allow air to flow between the layers in the dryer. The kilns are a batch
process and the wood is dried for 24 to 60 hours. The thermal energy is supplied by steam. The lumber
is then moved to the dry shed or planer infeed.

Planing makes the lumber a uniform size and creates a smooth surface. It includes unstacking, planing,
grading, end trimming, sorting, and packaging. Occasionally some lengthwise sawing is done in the
planing process. The process includes moving the packages and loading for shipment.

4.5 Functional and declared unit

In accordance with the PCR (FPInnovations 2013), the declared unit for lumber is one cubic meter (1.0
m?®) of planed dry lumber packaged for shipment. A declared unit is used in instances where the function
and the reference scenario for the whole life cycle of a wood building cannot be stated (FPInnovations
2013). The exact conversion from m® to the commercial unit of board feet is described in section 4.1. All
input and output data were allocated to the declared unit of product based on the mass of products and co-
products in accordance with International Organization for Standardization (1SO) standards (1SO 2006).
An economic allocation is also provided Appendix 2. The analysis does not take the declared unit to the
stage of being an installed building product and no service life is assigned.

4.6 System boundary

The cradle-to-gate system boundary is shown in Figure 4. The system boundary begins with regeneration
of the forest in the PNW region and ends with planed dry lumber packaged at the plant gate.

Resource extraction includes growing seedlings in a nursery, planting the seedlings, managing the forest
which may include thinnings and fertilizations, and harvesting with the logs brought to a landing.
Resource extraction is conducted as a separate operation from product manufacturing, even if the
extraction occurs on company timberland. The equipment used included chain saws, harvesters, skidders,
and cable logging systems. The fuel is mainly diesel with some gasoline. Other inputs to resource
extraction may include fertilizer and electricity.

The production includes transportation of the logs from the landing to the logyard gate and the sawmill
complex. The sawmill complex is divided into the logyard, sawmill, dryer, energy generation, and
planing. Separating the sawmill complex into these unit processes is necessary because some coproducts
leave the system boundary prior to drying and should not carry the environmental load of drying.
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Figure 4. Cradle-to-gate system boundary for softwood lumber production, PNW.
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4.7 Detailed description of data and processes

4.7.1 Resource extraction

Logs used in the production of softwood lumber in the PNW include in their life cycle the upstream
activities associated with establishment, growth, and harvest of trees (Figure 3). This group of activities is
collectively referred to as forest resource extraction. The forest resource extraction life cycle stages
includes the efforts required to establish a forest stand, to treat that stand through to maturity, and to
harvest the merchantable logs from the stand.

Forest resource extraction includes growing seedlings, planting, thinning, fertilization (where applicable)
and final harvest. These activities have been divided into three specific processes, seedling production,
stand management, and harvesting. Seedling production involves greenhouse operations and planting.
Stand management includes planting pre-commercial thinning and fertilization. Harvesting includes
felling, skidding, processing, and loading for both commercial thinning and final harvest operations. The
primary output product for this analysis is a log at a landing destined for the lumber mill. Non-
merchantable slash is generally left at a landing to decay in-situ.

Resource extraction and the associated impacts will change based on both past and prospective
technologies, evolving forest management procedures, and market demands. Given that productivity
gains are not confirmed or well developed, this assessment was based on data representing the current
state of the art. It does not discount future operations or estimate potential productivity gains from future
technologies. Product output, consumed resources, and emissions associated with resource extraction
were developed as weighted averages across the hectares managed for timber production. Weighted
averages take into account inherent differences in site productivity, management practices, and energy
usage. These products and processes are used as inputs to the wood product manufacturing LCI and the
consumed resources and emissions are tracked for inclusion in the cradle to gate LCI.

Resource extraction is outlined here. The LCI for resource extraction is not part of the work conducted in
this project. A more complete description can be found at the CORRIM website in Puettmann et al
(2013).

4.7.1.1 Seedling production

Environmental burdens associated with the production of seedlings including fertilizer used in
greenhouses or fields, and the electrical energy required to operate forest nursery pumps and to keep
seedlings cool for planting are shown in Table 1. Greenhouse operations data for the PNW were
developed from personal communication with forest nursery managers (Wenny 2003) and published
documentation of greenhouse operations for containerized seedlings (Schlosser et al. 2003). All
seedlings in the PNW were planted by hand. The only energy inputs associated with planting were
related to travel to and from the planting site.
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Table 1. SimaPro inputs for seedling production per 1 individual seedling (p) (Puettmann et al.

2013).
Products Value Units A"°§2“°“’
Seedlings, at greenhouse, US PNW 1.00 pt 100.0
Resources Value Units
Water, unspecified natural origin 4.64 I
Materials/fuels Value Units
Gasoline, combusted in equipment/US 0.00654 I
Nitrogen fertilizer, production mix, at plant/US 0.0000426 kg
Phosphorous fertilizer, production mix, at plant/US 0.0000717 kg
Potassium fertilizer, production mix, at plant/US? 0.000175 kg
Electricity/heat Value Units
Electricity, at Grid, WECC, 2008 0.0420 kW-h
one seeding

%has no off-site impact

4.7.1.2 Forest operations

Most of the harvested volume in the PNW comes from forest operations on private lands where
investment in timber is the precursor to harvest. Reforestation is a statutory requirement under state forest
practices acts. The rotation cycle averages 45 years. Three general combinations of management intensity
and site productivity, low, medium, and high, were modeled. Management intensities ranged from little
intervention on low site productivity lands to higher management intensities involving combinations of
fertilization and thinning on high productivity lands. Associated with each combination of management
intensity and site productivity is an estimated yield of biomass based on forest growth and yield generated
using the Forest Vegetation Simulator (FVS) growth and yield model (Wykoff 1986).

Fertilization occurred once seedlings were planted in the forest for the subset of hectares that were in
higher management intensities. Fertilization was done in years 20, 30, and 40 on acres in the high-
intensity management class and the environmental burdens associated with these efforts are included as
part of the reforestation process. The fertilizer mixture included nitrogen, potassium, and phosphorus.
Only 12% of stands in the PNW have fertilizer applications. The input values for forest operations are
shown in Table 2.

Table 2. SimaPro inputs to forest operations, including reforestation and mid-rotation fertilization.
Values are per m? of forest (Puettmann et al. 2013).

Product Low Medium High Units Alloc(iztion,
Reforesting, US PNW 1 1 1 m? 100.0
Materials/fuels

Gasoline, combusted in equipment/US 0.00118 | 0.00118 | 0.00118 [

Nitrogen fertilizer, production mix, at plant/US 0.0397 kg

Phosphorous fertilizer, production mix, at

plant/US 0.00673 kg

Seedlings, at greenhouse, US PNW EPD 0.0988 0.148 0.148 p
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4.7.1.3 Harvesting

Timber harvesting activities include four components: felling (severing the standing tree from the stump);
processing (bucking, limbing and/or topping) which involves removal of non-merchantable limbs and
tops and cutting of the tree into merchantable and transportable log lengths; secondary transportation
(called skidding on gentle slopes and yarding on steep slopes),which is a transportation step that moves
trees or logs from the point of felling to a loading point near a haul road; and loading (moving logs from
the ground to haul vehicles). Hauling logs from the woods to a manufacturing location and it is included
in the LCI for the primary manufacturing facility.

Harvesting operations in the PNW are most often on steep terrain and the model is based on manual
felling and cable yarding harvest systems. Operations are modeled using production rates for even-age
management systems.

Variations in harvest equipment size affect machine productivity and therefore emissions per m® of logs
produced. Operational efficiencies also vary between thinning and final harvest. To account for this,
equipment usage was allocated between thinning operations and final harvest for those management
regimes that use thinning (Table 3).

Table 3. Equipment allocation by treatment and management intensity.

Final Harvest (usage
Management Intensity Thinning per final volume
harvested)

Low intensity site
Chain saw NA 100%
Cable yarder, large NA 100%
Loader NA 100%

Medium intensity
Chain saw 19.6% 80.4%
Cable yard, medium 19.6%
Cable yarder, large 80.4%
Loader 19.6% 80.4%

High intensity

Chain saw 12.6% 87.5%
Cable yard, medium 12.6%
Cable yarder, large 87.5%
Loader 12.6% 87.5%

A single estimate of the average volume harvested per unit area was developed by weighting three
combinations of site productivity and management intensity (Table 4) based on the relative percentage of
the land base they occupy. In the PNW, 42% of the lands were classified in the lowest
productivity/management intensity class, 46% in the middle class, and 12% in the highest management
intensity class. The log volume recovered from the management classes is shown in Table 4. After
applying the assumptions associated with these three scenarios, the SimaPro inputs are shown in Table 5.
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Table 4. Input assumptions for three levels of management intensity in the PNW. Non italicized
values are per hectare (Puettmann et al. 2013).

Management intensity class prescription Inl_ecr:VSVi ty Il\r/: fedr:sl,lirtr;/ In|t_(|elr?:ity ﬁsg;g*g
Rotation age (yr) 45 45 45
Planting density, trees 988 1,482 1,482 1,275
A Years
Fertilization None None 20. 30, 40
Pre-commercial thinning None Year 15 Year 15
Final thinned density, trees NA 740 680
Commercial thinning, m® 81 81 47
at year 30 25
Final harvest, m® 433 409 701 454
at year 45 45 45
Total yield, m® 433 490 782 501
Percent sawlogs 100 100 100

Table 5. SimaPro inputs to harvest softwood logs with bark at each of the three intensities per cubic
meter of harvested log. The weighting for the average harvest is in the bottom row (Puettmann et al.
2015).

Products Low Medium High Units Allog/'il)tlon,
Softwood logs with bark, PNW/US 1.00 1.00 1.00| md 100
Materials/fuels

Diesel, combusted in industrial equipment/US 2.27 2.56 2.46 [

Reforesting, low intensity site, US PNW 15.3 m?

Reforesting, medium intensity site, US PNW 12.3 m?

Reforesting, high intensity site, US PNW 8.07| m?

Lubricants, unspecified, at plant/US* 0.0353 0.0399 0.0382 kg

Weighting for PNW production 42.0 46.0 12.0 %

has no off-site impact
4.7.2 Transport of raw materials from extraction site

The mill producing the lumber takes possession of the logs when they are delivered. However, for
analysis purposes, the transportation of logs from the landing at the logging site to the gate at the logyard
is included in the product manufacturing. It is modeled as an input to the logyard rather than a stand-
alone unit process and appears as an input in Table 6 rather than here.

4.7.3 Logyard operations

The logyard unit process begins with logs plus the attached bark on a truck at the harvest site and ends
with logs plus the attached bark delivered to the infeed sawing process. Transportation of the logs from
the landing are included. Log trucks arrive at the logyard and are unloaded by diesel-powered wheeled
loaders with log grapples (also refered to as on-site loaders and haulers or rolling stock). The unloading
machines are a part of the logyard unit process. The log truck might be weighed in and out; however, all
mills reported log input on a volume basis, either board feet or cubic feet. When the log trucks are
unloaded the logs are either piled in a storage deck or they are spread out, graded visually, then
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transferred to the deck. The logs are stored in the decks for weeks to months. Having an inventory in the
decks allows the mill to keep running even when log deliveries are temporarily interrupted due to
weather, fire season, or supply issues. The logs are then removed from the deck and taken to the
merchandizer or debarker at the infeed of the sawmill. Logs not appropriate for the sawmill are sold of
site. A small amount of logs, 0.6% or what enters, leaves the facility because the logs are not suitable for
sawing (Table 6). An example is a defective log or a veneer-quality log. Table 6 shows the products
from and inputs to this process. Allocation was based on bone dry mass. Logyard technology updates and
improvements were reported in 1999 for one mill and 2010 to 2012 for the other mills. Improvements
included a flare reducer, paving, and new loaders.

Logs entering were reported on a volume basis, log scale or cubic feet. Log scale is a century-old method
of measuring logs in which measurements of diameter and length are used to predict the board feet of
lumber to be recovered from the log. Due to technology changes and changes in average log diameter,
log scale greatly underestimates the board feet currently recovered and there is a complicated relationship
between log scale and actual volume. The log scale quantities reported were converted to cubic volume
using a factor of 139.5 board feet per cubic meter (3.95 bf-ft®) based on Figure 4 in Mann and Lysons
(1972). This reference also contains details of the log scale to cubic relationship. The burdens brought to
the logyard by the logs due to resource extraction are described in section 4.6.1 and include the fuels and
materials used in forest regeneration and harvesting. One mill did report some logs in cubic feet. These
were directly converted to cubic meters.

Transportation from the harvest site (landing) to the logyard, although shown as a separate process in
Figure 4, is included as an input here. The transportation distance was 108 km. The wood mass was
based on a weighted average specific gravity of 0.434 calculated from 47.6% Douglas-fir logs at 0.45 and
52.4% hem-fir logs at 0.42. This is from:

0.434 = (0.476x0.45) + (0.524x0.42)

The weighted average moisture content was 82.8% calculated as:

O.48><450kg‘”§'*‘><0.65ll:g'*2° +0.525 420 KQuoos xl:gHzo
82.8% = 100 x m gwood m gwood

434 kgwgod
m

This gives a green log density of 793.7 kg-m™ calculated from:

793.7_K9  _ 434 K9 x(1+0.828kg¢J

3 3
mgrn wood rndrywood gdrywood

The mass of the bark was assumed to be what was produced from the logs by the sawing process plus half
of the hog fuel. The sawing process yielded 52.4 kg of dry bark and 119.4 kg of dry hog fuel for each
1.68 m® of logs sawn. The average moisture content for bark is 75% based on Miles and Smith (2009).
Thus, the bark weight associated with 1 m® of logs to the sawmill was 116.8 kg calculated from
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52.4 kgdrybark +MX119'4 kgdryhogfuel X gdrybark

k
11&{3@: 3
1.68my,,

log

( 140.75 G20

hogfuel

For each 1 m?® of log to the sawmill, 1.0059 m® of log enters the process. Thus the total green mass entering
the logyard is 915.9 kg/m?® calculated from

3

m: .
915.9 kg=(793.7 K, o0q + 116.8Kg, , )x1.0059 ——o"

mlogtosawmill

This times the distance (108 km) gives 98.9 t-km/m? (Table 6Error! Reference source not found.) where
the m? is the functional unit for the process and a ton kilometer is one ton of material and its moisture
moved one km.

The logyard unit process uses 4.26 kg/m® of water for sprinkling log decks. This is done to prevent stain
and cracking. Diesel, gasoline, and liquefied petroleum gas were used as fuel for rolling stock (wheeled
machinery, such as loaders, forklifts, and lumber carriers) for log unloading and moving logs through the
process. Lube oil, hydraulic oil, grease, and antifreeze were also used in rolling stock. Lubricants are
also used in stationary equipment and solvents for cleaning. These quantities are shown in Table 6.
Several materials go to a landfill including wood, bark, dirt, and rocks from logyard clean up. Some
metals, oils, and antifreeze were recycled. Some unspecified organics and inorganics are also disposed of.
These were represented as processes with no off-site impacts in SimaPro (often referred to as dummy
processes). The quantities are shown in Table 6. A small amount of electricity is used in the logyard
(Table 6). This would be for lighting and instrumentation. Electricity either came from the western grid
or from self-generated biomass power. The logyard emissions consist of dust, particulates, and volatile
orgasnic compounds to the air and suspended solids, BOD, and oils to water, the sum of which is about 0.1
g/m°.
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Table 6 Inputs and outputs for the logyard process per m® of log, mass allocation for PNW of US.

Products Value Units Allogztlon,
Roundwood sawlogs, softwood, green, at logyard 1.00 m3 99.4
Roundwood sold off site , softwood, green, at logyard, 0.00590 m3 0.6
Resources

Water, process, surface 2.24 kg
Water, process, well 2.02 kg
Materials/fuels

Softwood logs with bark, harvested at average intensity site in

Pacific Northwest US 1.0059 m®
Transport, combination truck, diesel powered 98.9 t-km
Diesel, loaders and haulers 0.400 I
Gasoling, loaders and haulers 0.00436 I
Propane, loaders and haulers! 0.00538 I
Lube oil, in engines of loaders and haulers? 0.00218 I
Hydraulic fluid for loaders and haulers? 0.00330 I
Antifreeze, 50% solution, loaders and haulers 0.000364 I
Transmission fluid, loaders and haulers? 0.000280 I
Other lubes and grease for loaders and haulers® 0.00130 I
Hydraulic oil for stationary equipment? 0.00150 I
Greases, stationary equipment? 0.000420 I
Oils, stationary equipment? 0.000440 I
Solvents for cleaning® 0.00000190 kg
Landfill, woody material to® 0.00157 kg
Landfill, dirt and rocks to® 0.00242 kg
Landfill, other organics to® 0.0000726 kg
Landfill, other inorganics to® 0.000291 kg
Recycle, metals® 0.000133 kg
Recycle, used oil® 0.0000884 kg
Recycle, antifreeze® 0.0000116 kg
Recycle, bulbs and batteries® 0.00000150 kg
Electricity/heat

Electricity, at grid, WECC, 2008 1.63 kW-h
Electricity from a turbine using steam from wood boiler 0.450 kW-h
Emissions to air

Wood (dust) 0.00599 kg
Particulates, > 10 um 0.00550 kg
Particulates, < 2.5 um 0.00230 kg
VOC, volatile organic compounds 0.0000687 kg
Emissions to water

Suspended solids, unspecified 0.000670 kg
BODS5, Biological Oxygen Demand 0.00360 kg
Oils, unspecified 0.0000350 kg

liquefied petroleum gas, combusted in industrial boiler was used as a surrogate

2 gasoline at refinery was used as a surrogate
%has no off-site impacts
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4.7.4 Manufacturing of rough green lumber

The sawing process begins when logs with bark are received from the logyard and ends when rough sawn
green lumber is delivered to the dryer or planer. Additionally, chips, sawdust, bark, and hog fuel are
created in the sawing process, all in the green condition. Table 7 shows the products from and inputs to
this process. Coproduct masses are the bone dry masses of each coproduct. Allocation was based on
bone dry mass.

During sawing, logs are placed at the infeed to the sawmill a combination of decks and conveyors move
the logs and lumber through the system. Logs are first debarked. Dimension mills often have a scanning
system to optimize bucking to match the log characteristics and order file while stud mills, with a more
restricted product line, buck to stud lengths. The logs are then scanned prior to sawing so that the
location of the sawcuts made by the headrig will maximize the value of the product from the log. A
variety of lumber sizes are produced by the headrig. Additional sawing machine centers include resaws
and edgers. Most mills have a curved resaw (curve saw) so that logs with mild sweep can be sawn more
efficiently. These additional machine centers create lumber that will meet the grading rules after drying
and planing. Additional scanning occurs at the machine centers to optimize the recovery. Pieces may
pass through more than one saw.

After sawing, the flow from all machine centers goes to a single (usually) sorting line. Here the pieces
are lugged, scanned, and trimmed to length. The length trim is done if the end of a piece has a grade-
limiting defect and its value can be raised by trimming. The pieces are then sorted by thickness for
drying. They are also often sorted for length and width and sometimes other characteristics that impact
drying, such as density. Finally, lumber to be dried is stacked on stickers (spacers) in units that are
removed from the sawmill by a diesel-powered forklift. The units are 1.2 to 1.5 m in width and 20 to 30
layers in height.

Sawmills reported improvements and updates ranging from 2009 to 2012. These were either new
equipment, such as a debarker or log turner, or improvements in technology such as a trim optimizer or a
feed optimizer.

Lumber was reported as board feet in each lumber size (for example 50,000 bf of 2x4 and 150,000 bf of
2x6). See section 4.1 for a detailed description of the board foot and lumber size. The mills’ values
reported in board feet were converted to cubic meters as described in section 4.1 of this report using the
actual lumber dimensions reported by each mill. All mills reported actual dimensions (target size) for
each rough green lumber size.

The rough green lumber leaving the process was reported as 47.8% Douglas-fir and 52.2% hem-fir to give
a weighted average specific gravity of 0.434 or 434.3 kg of bone dry wood per m® (calculated as shown in
section 5.1 for logs). One m® of wood was produced from 1.68 m? of logs for a conversion efficiency of
59.5% based on the inputs. Products are more accurately measured than logs and the lumber is 57.6% of
the wood leaving the sawmill. The balance of the wood leaving is chips, sawdust, and hogfuel. Lumber
was 50.1% by dry mass of all products, including bark, leaving the mill. Chips are sold for paper making
and are the most valuable coproduct leaving the sawing process. Of the wood leaving the sawmill, 28.1%
is chips (211.7 kg). Sawdust, 6.5% (48.8 kg), is sold for panel products or used as fuel. Hog fuel (119.4
kg), a mix of wood and bark, is used as boiler fuel. The woody portion (50%) of the hog fuel represents
8.1% of the entering wood (59.7 kg). The bark portion (50%) of the hog fuel and the bark totaled 112.1
kg (119.4/2+52.4) or about 13.3% of the wood mass entering the sawmill. Miles and Smith (2009)
indicate that the bark portion should average 16 to 17%. It is likely that some bark is lost in handling.
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The mass balance on woody material (bone dry wood and bark) for the sawmill can be calculated as

Inputs = 841.7 Kg,,004anabark =1-68 My, 434.3k—g3 +112.1KQ, o
m

Outputs=866.6 kgl . =1m? . x 434.3%+211.7 KGenpe +
488 kgsawdust + 1194 kghogfuel + 524 kgbark

The difference, 24.9 kg or 2.9%, is well within the ability to measure the material flows. Allocation
among the products is based on mass. The mass of the wood and bark products totals 866.6 kg. Thus the
lumber allocation is 50.1% (from 434.3 kg / 866.6 kg). The other product allocations are calculated
similarly.

The sawmill used water for cooling machinery and sawblades, 50.1 kg-m™. Diesel, gasoline, and
liquefied petroleum gas were used as fuel for rolling stock for moving lumber from the process. Lube oil,
hydraulic oil, grease, and antifreeze were also used in rolling stock. Lubricants are also used in stationary
equipment and solvents for cleaning. Some plastic and metal strapping are used. Wood pieces are used
for runners and lath placed within units for support and stability. Several materials go to a landfill
including woody materials, some organic and inorganic materials. Some metals, oils, and antifreeze were
recycled. These were represented as dummy processes and have no upstream impacts (Table 7).
Electricity is used in the sawmill to operate motors, instrumentation, and lighting. Electricity either came
from the western grid or from self-generated biomass power. The sawmill emissions consist of dust,
particulates, and volatile organic compounds to the air (Table 7).
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Table 7 Unit process inputs and outputs for sawing for the production of 1 m? of rough green lumber, mass
allocation for PNW of US.

Products value Units,3 Allogation,
per m Yo

Sawn lumber, softwood, green, rough, at sawmill 1.00 m3 50.1

Chips, softwood, green, at sawmill 212 kg 24.4

Sawdust, softwood, green, at sawmill 48.8 kg 5.6

Hogfuel, softwood, green, at sawmill 119 kg 13.8

Bark, softwood, green, at sawmill 52.4 kg 6.1

Resources

Water, process, surface 37.9 kg

Water, process, well 12.2 kg

Materials/fuels

Roundwood sawlogs, softwood, green, at logyard 1.68 m3

Diesel, loaders and haulers 0.230 I

Gasoline, loaders and haulers 0.0110 I

Propane, loaders and haulers® 0.0220 I

Lube oil, in engines of loaders and haulers® 0.00220 I

Hydraulic fluid for loaders and haulers! 0.00420 I

Ethylene glycol, at plant/RNA 0.000394 I

Transmission fluid, loaders and haulers? 0.000280 I

Other lubes and grease for loaders and haulers? 0.00129 I

Hydraulic oil for stationary equipment* 0.0800 I

Greases, stationary equipment! 0.00590 I

Qils, stationary equipment® 0.0860 I

Solvents for cleaning? 0.0000740 kg

Babbitt alloy / kg? 0.000200 kg

Antistain for fungal growth / kg® 0.000103 kg

Marking ink / kg? 0.00557 kg

Softwood lumber from planer, m® / dry / PNW_US (wood

runners) 0.0380 m3

Hot rolled sheet, steel, at plant/RNA (strapping) 0.00736 kg

Recycled postconsumer PET flake/RNA (plastic trapping) 0.00159 kg

Landfill, woody material to, kg? 0.00163 kg

Landfill, other organics to? 0.000610 kg

Landfill, other inorganics to? 0.0360 kg

Recycle, metals? 0.00125 kg

Recycle, used oil? 0.000296 kg

Recycle, antifreeze? 0.0000388 kg

Recycle, bulbs and batteries? 0.0000254 kg

Electricity/heat

Electricity, at Grid, WECC, 2008/RNA U 19.8 kW-h

Electricity from a turbine using steam from the wood boiler,

US PNW 6.06 kW-h

Emissions to air

Wood (dust) 0.00403 kg

Particulates, > 10 um 0.00617 kg

Particulates, < 2.5 um 0.00179 kg

VOC, volatile organic compounds 0.000115 kg

1 gasoline at refinery was used as a surrogate
2has no off-site impact
3 liquefied petroleum gas, combusted in industrial boiler was used as a surrogate
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4.7.5 Manufacturing of rough dry lumber

The drying process begins with rough sawn green lumber placed at the dryer and ends with rough sawn
dry lumber delivered to the planer. Sometimes an intermediate holding area is used so the packages of
rough green lumber can be more optimally loaded into the kiln. There are no other products from this
process. Table 8 shows the product from and inputs to this process. Mills do not report a rough dry
lumber dimension, so it was assumed that a cubic meter into the process yielded a cubic meter out. There
is, in reality, approximately 4-5% volume loss due to shrinkage and a corresponding increase in specific
gravity. These two factors offset each other so that on a mass basis the bone dry wood into the process
equals the bone dry mass leaving. This assumption will be accounted for in the planing process for which
the green target size and green specific gravity will be used for the dry lumber entering that process.
Because both green lumber and dry lumber enter the planing process and we know green dimension (but
we do not know the actual dimension after drying), it is convenient to ignore the shrinkage at the dryer.
This way green and dry can be treated the same (in terms of green dimensions) at the planer.

Kilns are chambers that are 16 to 40 m in length, usually with a left side and a right side. There is a set of
tracks on each side so lumber can be rolled through the kiln on carts. Each side holds a track of lumber
approximately 2.4 to 3 m in width (two units wide) and two to three units (4 to 5 m) in height.

There are fans that circulate air through the sticker slots between the layers of lumber. Steam heat
exchangers (heating coils) provide the energy to heat the air to the desired temperature. The humidity is
controlled by ventilators which open to release moist warm air and intake ambient air. The humidity can
be raised by releasing live steam into the chamber. The temperature and humidity in the kilns are
controlled to a drying schedule, a series of dry-bulb and wet-bulb temperatures designed to remove
moisture as quickly as possible without damaging the wood. The maximum drying temperature ranges
from about 80 to 100°C.

A fork lift or a modified front end loader is used to push the carts of lumber into and out of the kiln. The
drying is a batch process and lasts from 24 to 72 hours, depending on the product, species, and kiln
capability. There were no continuous kilns in the region at the time of the survey.

The wood enters the kiln at a moisture content of approximately 65 to 70 percent for Douglas-fir and
100% for hemlock. Moisture contents are on a dry basis so 100 percent means that half of the weight is
wood and half is water. The wood is dried to 19 percent or less to meet the grade specification. Due to
the piece-to-piece moisture content variability, the average moisture content ranges from 14 to 16 percent
when dry.

Lumber dried was reported in board feet. See section 4.1 for a detailed discussion of the board foot and
lumber size. The mills’ reported values in board feet were converted to cubic meters using the actual
rough green lumber dimensions as described in section 4.1. All mills reported actual dimensions (target
size) for each rough green lumber size.
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The wood dried was reported as 32.0% Douglas-fir (SG=0.45, MC=65%) and 68.0% hem-fir (5G=0.42,
MC=100%) to give a weighted average specific gravity of 0.430 or 430 kg-m= of bone dry wood. This
was calculated from:

0.430 = 0.32x0.45 + 0.68x0.42

Note that the species proportions are different than the sawmill because some Douglas-fir is not dried and
is sold as planed green whereas nearly all hem-fir is dried.

The wood contained 379.2 kg/m® of water when entering and 64.4 kg/m? when leaving so that 314.8
kg/m?® of water was removed. This is vented as a vapor. It is calculated from:

314.8"Gume _ 37, 450%%[0.65—0.15—"%&”} "
m m gwood

0.68 x 420k9w_godX (1_ 0.15 KGuater ]
m gwood

Steam produced from a natural gas or wood fuel was used to heat the drying process. Two mills reported
steam use at the kiln that would suggest 100% kiln efficiency (approximately 300 Kgseam/m® while the
other mills reported 500 to 709 kgseam/m®). These are clearly impossible values and could not be resolved
with the mills so the low values were not included in the weighted average. After excluding the low
values, a wood-fired boiler provided 548 kgseam/m® and a natural gas boiler provided 41 Kgseam/m?® for a
total of 589 kgseam/m®. This is 1.87 kg of steam per kg of water removed or an efficiency of 53.5%. The
impacts of producing steam from wood was accounted for by combusting 106.9 kg of wood in the
CORRIM boiler (see section 5.2). The fuel mix was entered in proportion to that reported by the mills.
The impacts of producing steam from natural gas is accounted for by combusting 2.6 m® of natural gas in
the SimaPro library process “Natural gas combusted in industrial boiler”

Dry Kilns use water for a wet-bulb thermometer. Mills reported a weighted average water use of 10.8
kg/m?® (Table 8) which is higher than would be used only by the wet-bulb (the author predicts this value to
be 2 to 4 kg/m®) and it is uncertain why the reported value is this high. Diesel, gasoline, and liquefied
petroleum gas were used as fuel for fork lifts and modified front end loaders used for moving lumber into
the kiln, out of the kiln, and to the planer. Lube oil, hydraulic oil, grease, and antifreeze were used in
rolling stock. Lubricants are also used in stationary equipment and solvents for cleaning. Wood is used
for stickers to separate the boards during drying. A small amount of material goes to landfill or is
recycled. These were represented as processes with no off-site impacts (Table 8). Electricity, pacts
(Table 8). Electricity, 11.5 kW-h/m*(Table 8), is used in the dryer to operate motors, instrumentation, and
lighting. Electricity either came from the western grid or from self-generated biomass power. The kiln
emissions consist of dust, particulates, volatile organic compounds, and HAPs to the air. The total HAPs
are 0.036 kg/m®, 96% of which is methanol and acetaldehyde (Table 8). These are created when wood is
heated.
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Table 8. Unit process inputs and outputs for drying 1 m® of rough dry lumber, PNW of US.

Products Value ;Jer;l::]’e, A"O(;Ztlon’
Sawn lumber, softwood, rough, kiln dried, at kiln 1.00 m? 100.0
Resources

Water, process, surface 3.20 kg
Water, process, well 7.60 kg
Materials/fuels

Softwood lumber from sawmill, m3 / green / PNW_US 1.00 m?
Diesel, loaders and haulers 0.140 [
Gasoline, loaders and haulers 0.00946 |
Propane, loaders and haulers! 0.00188 [
Lube oil, in engines of loaders and haulers? 0.00130 [
Hydraulic fluid for loaders and haulers? 0.00220 |
Antifreeze /1 / at 50% 0.000262 |
Transmission fluid, loaders and haulers? 0.000290 I
Other lubes and grease for loaders and haulers® 0.00130 [
Hydraulic oil for stationary equipment? 0.00150 [
Greases, stationary equipment? 0.000370 |
Qils, stationary equipment? 0.000930 I
Solvents for cleaning® 0.0000054 kg
Softwood lumber from planer, dry / PNW_US (stickers) 0.000468 m3
Landfill, other inorganics to* 0.0034 kg
Recycle, metals® 0.0000163 kg
Electricity/heat

Electricity, at Grid, WECC, 2008/RNA U 8.90 kW-h
Electricity from a turbine using steam from the wood boiler,

US_PNW 2.60 kW-h
Wood Combusted, at boiler, at mill, kg, PNW/US v1.2 106.9 kg
Natural gas, combusted in industrial boiler/US, Athena 2.60 m3
Emissions to air

Particulates, > 10 um 0.00472 kg
Particulates, < 2.5 um 0.00149 kg
VOC, volatile organic compounds 0.106 kg
Methanol 0.0150 kg
Formaldehyde 0.000313 kg
Acetaldehyde 0.0200: kg
1-Propanol 0.000146 kg
Acrolein 0.000818 kg

liquefied petroleum gas, combusted in industrial boiler was used as a surrogate
2 gasoline at refinery was used as a surrogate

%input that has no off-site impacts, 4 has no off-site impact, input as

% has no off-site impact,
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4.7.6 Manufacturing of planed dry lumber

The planning unit process begins with units of rough dry lumber placed on a conveyor or hoist by a
diesel-powered forklift and ends with planed dry lumber packaged and placed on the truck, rail car, or
ship.

Additionally, sawdust, and planer shavings and chips are created in the planing process, all in the dry
condition. Table 9 shows the products from and inputs to this process. Coproducts are expressed as bone
dry masses. Allocation was based on bone dry mass.

The units of rough dry lumber are tipped so that the pieces are separated from the stickers. The stickers
are collected, stacked, and reused. The lumber is singulated and oriented for longitudinal flow for
planing. It then passes through the planer. There is a moisture meter after (sometimes before) the planer.
The lumber is reoriented for transverse flow after the planer. The lumber is then graded, trimmed, sorted
and stacked.

The product is packaged in units that are composed of lumber of a single thickness, width, and (usually)
length. Lath is placed between some layers in the unit to prevent the side pieces from falling when the
consumer opens the unit. The units are usually covered with a paper wrap. End paint might be applied.
The unit might be stenciled. The units are banded with plastic banding. Runners are banded under the
units to allow access for the fork lift tines. The packaged units are then placed on the transport vehicle.

Lumber was reported as board feet in each lumber size (for example 50,000 bf of 2x4 and 150,000 bf of
2x6). See section 5.1 for a detailed description of the board foot and lumber size. The mills’ reported
values in board feet were converted to cubic meters using the standard finished dimensions for planed dry
lumber as described in section 5.1.

The planed lumber leaving the process was reported as 49.9% dry Douglas-fir (SG=0.48), 44.3% dry
hem-fir (SG=0.45.) and 5.8% green Douglas-fir (SG=0.45).

The inputs to plane the green lumber could not be separated from the inputs to plane dry lumber because
mills do both, sometimes in the same shift. The inputs for green and dry are probably very similar per m?
of lumber. No attempt was made to separate this data. It was also assumed that the green Douglas-fir
was planed to the same dimensions as dry Douglas-fir and had the same specific gravity (in practice, the
sg is slightly lower for green offsetting the slightly greater dimensions). With this assumption, the bone
dry mass of a board foot of planed green lumber is very similar to that of planed dry lumber of the same
nominal dimensions. The bone dry mass of one cubic meter of planed dry lumber was 466.7 kg
calculated from:

466.7"9500 _ (0,499 + 0.058)x 4809w | 0443 x 450 XDuoos
m m m

The coproduct masses were 51 kg-m™ of shavings, 1.96 kg/m?® of sawdust, and 6.6 kg-m™ of chips for a
total mass leaving the process of 526.3 kg of bone dry wood.

The volume of lumber entering the process is 1.14 mii/m 3 .. This volume entering is based on the rough

green dimensions reported by the mills. Using the green specific gravities, this is 497.8 kg of bone dry
wood calculated as:
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497.8%Guoon g 14™M { (0.499 + 0.058)x 450 9w | 0 443 420%)
m m m m

Green specific gravities are used because the conversion from board feet to cubic meters was made using
the rough green dimensions because the rough dry dimensions are not known (see the first paragraph in
section 5.4 for a more detailed explanation). The difference between the inputs and outputs is 28.4 kg or
5.4%, within the ability to measure the material flows.

The planer used water for cooling machinery and dust control, 7.0 kg/m® (Table 9). Diesel, gasoline, and
liquefied petroleum gas were used as fuel for rolling stock for moving lumber from the process to truck,
rail, or ships. Lube oil, hydraulic oil, grease, and antifreeze were used in rolling stock. Lubricants are
also used in stationary equipment and solvents for cleaning. Most oils and lubricants were represented in
SimaPro by “Gas at refinery” if the exact substance was not in the database. These are shown in Table 9.
Wrapping material, strapping, ink, cardboard, and wood were used to package the product. The wood is
used for runners and lath within units. Several materials go to a landfill including woody materials, some
organic and inorganic materials. Some metals, oils, and antifreeze were recycled. These were represented
as processes with no off-site impacts in SimaPro. These inputs are shown in Table 9. Electricity, 14.3
kKW-hr/m?, is used in the planer to operate motors, instrumentation, and lighting. Electricity either came
from the western grid or from self-generated biomass power. The planer emissions consist of dust,
particulates, volatile organic compounds, and a very small amount of HAPs to the air (Table 9).
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Table 9. Unit process inputs and outputs for producing 1 m? of planed dry lumber from rough
lumber, mass allocation for PNW of US.

Products Value Unlts,a Allocation, %
per m

Sawn lumber, softwood, planed, kiln dried, packaged, at planer 1.00 m® 88.7

Shavings, kiln dried, at planer 51.0 kg 9.7

Sawdust, softwood, kiln dried, at planer 1.96 kg 0.4

Chips, softwood, kiln dried, at planer 6.60 kg 1.3

Resources

Water, process, surface 5.20 kg

Water, process, well 1.80 kg

Materials/fuels

Softwood lumber from dryer, dry / PNW_US 1.14 m®

Diesel, loaders and haulers 0.440 |

Gasoline, loaders and haulers 0.00746 |

Propane, loaders and haulers* 0.00660 |

Lube oil, in engines of loaders and haulers? 0.00440 |

Hydraulic fluid for loaders and haulers? 0.00900 |

Antifreeze in loaders and haulers / 1 / at 50% 0.000869 |

Transmission fluid, loaders and haulers? 0.000770 |

Other lubes and grease for loaders and haulers? 0.00298 |

Hydraulic oil for stationary equipment? 0.0200 |

Greases, stationary equipment? 0.00330 |

Qils, stationary equipment? 0.0250 |

Solvents for cleaning® 0.0000278 kg

Paint, end coat® 0.000580 kg

Marking ink® 0.000697 kg

Packaging - Wrapping material 0.380] kg

Softwood lumber from planer for runners, dry / PNW_US 0.00298 mé

Softwood lumber from planer for lath, dry / PNW_US 0.000255 m®

Recycled postconsumer PET flake/RNA* 0.140, kg

Cardboard - AWC 0.00265 kg

Antistain for fungal growth® 0.00250, kg

Landfill, woody material to® 0.00253 kg

Landfill, plastic strapping to® 0.0000461 kg

Landfill, other organics to® 0.000553 kg

Landfill, other inorganics to® 0.0330] kg

Recycle, metals’ 0.00114 kg

Recycle, antifreeze! 0.00154 kg

Recycle, bulbs and batteries! 0.0000259 kg

Electricity/heat

Electricity, at Grid, WECC, 2008/RNA U 9.80 kW-h

Electricity from a turbine using steam from the wood boiler, US_PNW 4.50] kW-h

Emissions to air

Wood (dust) 0.000774 kg

Particulates, > 10 um 0.00673 kg

Particulates, < 2.5 um 0.00120 kg

\VVOC, volatile organic compounds 0.00347 kg

HAPS, unspecified 0.000227 kg

Hiquefied petroleum gas, combusted in industrial boiler was used as a surrogate
2 gasoline at refinery was used as a surrogate

3input that has no off-site impacts, input as Dummy process

“surrogate for plastic strapping

Shas no off-site impact, °has no off-site impact, ” has no off-site impact,

32



4.7.7 Equipment: type and fuel consumption

The equipment used in the manufacturing process falls into two broad categories, stationary machines and
rolling stock (wheeled machinery, such as forklifts, for moving materials within a production facility).

Stationary machinery in the sawing unit process includes debarkers, crosscut saws, headrigs, resaws,
edgers, sorters, scanners, stackers, and conveyors and other handling equipment. Stationary equipment in
the planing unit process includes unstackers, moisture meters, planers, trim saws, sorters, scanners,
stackers, and conveyors and other handling equipment. Stationary equipment is powered electrically.

Rolling stock, such as loaders, are used to move logs in the logyard unit process. Rolling stock is used to
move packages of lumber from one unit process to another and to load the final product for transport.
Rolling stock is mainly powered by diesel but also by a smaller amount of gasoline and propane.

4.8 Energy use and generation

Steam is used in the drying process and is generated on site from a wood-fired or natural gas boiler. The
unit process for a wood boiler was surveyed and reported under a different project (Puettmann and Milota
2015). The wood almost always comes from residues produced on site; however, some is purchased
depending on market conditions. If purchased, it is likely that the wood comes from a sawmill producing
a similar product. There is electricity generation on site (at some facilities with wood boilers) with the
electricity used on site or sold. Lines for this are not shown in Figure 3. The turbine is considered part of
the boiler and also not shown in Figure 3.

Steam is produced for the drying unit process. A gas boiler was used to produce 9.2% of the steam
supplied to the dryers. A wood boiler produced the remaing 90.8%. No steam was purchased from off
site.

A gas boiler produces steam by burning natural gas supplied from off site. The boiler uses electricity for

blowers and controls. A small amount of lubricants are used. The inputs and outputs for a gas boiler are
shown Table 10
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Table 10. Inputs for a gas boiler per m? of natural gas (NREL 2008).

Products value Unlts,3 Allogatlon,
per m )
Natural gas, combusted in industrial boiler/US 1.00 md 100
Materials/fuels
Natural gas, processed, at plant/US 1.00 m?
Transport, combination truck, average fuel mix/US, 0.199 tkm
Transport, pipeline, natural gas/US 1.19 tkm
Transport, train, diesel powered/US 0.0119 tkm
Emissions to air
Arsenic 3.20E-09 kg
Benzene 3.36E-08 kg
Beryllium 1.92E-10 kg
Cadmium 1.76E-08 kg
Carbon dioxide, fossil 1.96E+00 kg
Carbon monoxide, fossil 0.00135 kg
Chromium 2.24E-08 kg
Cobalt 1.35E-09 kg
Formaldehyde 1.20E-06 kg
Lead 8.01E-09 kg
Manganese 6.09E-09 kg
Mercury 4.16E-09 kg
Methane, fossil 3.60E-05 kg
Naphthalene 9.77E-09 kg
Nickel 3.36E-08 kg
Nitrogen oxides 3.60E-05 kg
Nitrogen oxides 1.60E-03 kg
Particulates, > 2.5 um, and < 10um 1.21E-04 kg
Radioactive species, unspecified 3.43E-03 kBg
Selenium 3.84E-10 kg
Sulfur oxides 1.01E-05 kg
VOC, volatile organic compounds 8.84E-05 kg

A wood boiler (Table 11) produces steam by burning woody fuel (wood and bark) that is mostly supplied
from processes on site. Table 11 is a composite wood boiler that represents sawmills, plywood, and OSB
facilities in both the western and the southern U.S. The boiler used 0.195 kg of bone dry wood to generate
1 kg of steam. The woody fuel may come from the sawmill process. Surveys of PNW sawmills reported
residuals include bark, sawdust, and hog fuel. Hog fuel is a variable mixture of bark and wood that could
not be used in other products. Woody fuel also comes from the planer process in the form of planer
shavings and sawdust. The residuals from the sawmill are green and have a higher moisture content than
the residuals from the planer. These residuals are mixed when fed to the boiler to provide a fuel that has
good combustion properties. It was assumed that the offsite fuels come from a similar source, a sawing
process or a planing process, and are transported to the site. Of the fuel burned, 78.1% was produced on
site and 21.9% was purchased and produced off site. The fuel supplied to the boiler is 12.9% planer
shavings, 59.1% hogfuel, and 6.1% green sawdust produced at the mill. The balance, 21.9%, was
purchased hog fuel. The purchased fuel (0.219 kg/kg) was reported as 99% hog fuel and transported 70.4
km. The transportation for this fuel at 100% moisture content was 0.03066 t-km/kg. Wood boilers
produce ash in addition to steam. The ash is most often used as a soil supplement to replace fertilizer;
however, it is sent to land fill in some cases.
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Table 11. Inputs to wood boiler per bone dry kg of wood fuel combusted (Puettmann and Milota 2015).

Products Value Units Allocation, %
Wood Combusted, at boiler, at mill, PNW/ US 1.00 kg 98.1
Wood ash, at boiler, at mill, PNW/ US 0.0191 kg 1.9
Resources

Water, process, surface 0.310 kg
Water, process, well 0.240 kg
Water, process, surface 0.790 kg
Water, process, well 0.240 kg
Materials/fuels

Shavings, kiln dried, at planer, kg / PNW_US 0.129 kg
Hogfuel, softwood, green, at sawmill, kg / PNW_US 0.591 kg
Sawdust, softwood, green, at sawmill, kg / PNW_US 0.0609 kg
Hogfuel, softwood, green, at sawmill, kg / PNW_US 0.219 kg
Transport, combination truck, diesel powered/US 0.0307 t-km
Diesel, loaders and haulers? 0.000805 |
Gasoline, loaders and haulers? 0.0000395 |
Propane, loaders and haulers® 2 0.0000121 |
Lube oil, in engines of loaders and haulers®® 0.00000594 |
Qils, stationary equipment?®® 0.0000222 |
Hydraulic fluid for loaders and haulers®® 0.00000829 |
Hydraulic oil for stationary equipment?? 0.0000519 I
Transmission fluid, loaders and haulers®® 0.000000481 I
Ethylene glycol, at plant/RNA 0.00000107 kg
Solvents for cleaning* 0.0000000462 kg
Solvents for cleaning* 0.000000671 kg
Water treatment, at plant/US* 0.000123 kg
Boiler streamline treatment* 0.00000367 kg
Qils, stationary equipment® 0.00000212 |
Qils, stationary equipment® 0.0000110 |
Urea, as N, at regional storehouse/RER U AWC 0.00315 kg
Disposal, ash, to unspecified landfill, RNA* 0.00759 kg
Disposal, solid waste, unspecified, to unspecified landfill, RNA* 0.00000726 kg
Metal, to recycling, RNA* 0.0000000396 kg
Electricity/heat

Electricity, at grid, US Average US/NA Grid, Athena 0.0820 kW-h
Natural gas, combusted in industrial boiler/US 0.00138 m?
Emissions to air

Acetaldehyde 0.00000105 kg
Acrolein 0.000000807 kg
Benzene 0.000000169 kg
Carbon monoxide, biogenic 0.00323 kg
Carbon dioxide, biogenic 1.76 kg
Wood (dust) 0.000562 kg
Formaldehyde 0.0000126 kg
HAPs 0.00000627 kg
Hydrogen chloride 0.00000117 kg
Lead 0.000000175 kg
Mercury 0.00000000183 kg
Methane, biogenic 0.0000223 kg
Methanol 0.00000795 kg
Nitrogen oxides 0.00110 kg
Particulates, <10 um 0.000471 kg
Particulates, < 2.5 um 0.000139 kg
Phenol 0.000000621 kg
Propanal 0.0000000514 kg
Sulfur dioxide 0.0000771 kg
VOC, volatile organic compounds 0.000876 kg
Dinitrogen monoxide 0.00000293 kg
Naphthalene 0.0000000577 kg
Other Organic 0.000000211 kg
Emissions to water

Suspended solids, unspecified 0.000000835 kg
BODS5, Biological Oxygen Demand 0.00000210 kg

Hiquefied petroleum gas

2 onsite loaders and haulers
3 gasoline at refinery

“has no off-site impacts

35




At some mills the wood-fired boiler also provides steam to a turbine which produces electricity. The
electricity might be used on site or it is sold to the grid. Steam leaving the turbine might be further used
in the drying operation. The turbine process is shown in Table 12. It is assumed that steam is returned to
the boiler and cooling water is reused. It was further assumed that 1.66 kg of steam could produce 1
kW-hr at 100% efficiency. An 85% turbine efficiency was assumed so that 1.95 kg of steam was required
for 1 kW-hr. For this steam the boiler requires 0.380 kg-kW™-hr™ of wood fuel.

Table 12. Inputs and outputs for turbine per kWh produced.

Units, Allocation,
Products Value per KW-hr %
Electricity from turbine using steam from the wood boiler,
US PNW 1.00 kW-hr 100.0
Electricity/heat
Wood Combusted, at boiler, at mill, PNW/ US 0.381 kg

5 Cut off rules

According to the PCR, if the mass/energy of a flow is less 1% of the cumulative mass/energy of the
model flow it may be excluded, provided its environmental relevance is minor. This analysis for PNW
lumber included all energy and mass flows for primary data. Some inputs in Tables 6 to 9 are shown as
having no off-site impacts because production LCI’s were not available. These totaled 0.109 kg/m® or
0.02% of the inputs.

Emissions to air and water are reported in the body of this report if they exceed 0.0001 kg/m®. This was
done to make the report easier to read as extensive lists generated in the LCI. Air emissions less than
0.0001 kg/m?* do appear in the report body if they are classed as EPA hazardous air pollutants (HAP). All
LCI emissions are shown (alphabetically) in the Appendix 2. No cut-offs were used in the impact
assessment.

6 Data quality requirements

Data was collected from representative mills in the PNW region. The survey (Appendix 2) was for
dimension lumber produced in the states of Oregon and Washington, west of the Cascade Mountains. The
main wood species were western hemlock and Douglas-fir. A small amount of true fir may also be
included with the western hemlock. Large sawmills were surveyed because most dimension lumber
comes from larger sawmills. The sawmill complexes responding were of average technology for the
region.

The regional production of dimension lumber was 12.48 million m®. The total production represented in
the survey is 1.91 million m?, about 15.3% of the lumber produced west of the Cascades. Approximately
60% of the lumber produced west of the Cascades is dimension (framing and studs) of which the survey
responses represent 25%. Responses among the mills were compared for consistency and follow up
questions by phone and e-mail were used to clarify the responses.
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An external critical review of the survey procedures, data, analysis, and report was done for conformance
with CORRIM and ISO 14040 standards. The review provided assurances that the study methodology,
data collection, and analyses are scientifically sound, and are in conformance with 1SO 14040 (1SO 2006)
and CORRIM research protocol.

7 Life cycle inventory analysis

7.1 Data collection

Surveys were used to collect the LCI data in accordance with CORRIM and ISO 14040 standards. This
study relied almost exclusively on production and emissions data provided by lumber producers in the
PNW, with some secondary data on fuels and electrical grid inputs from the US LCI database (Goemans
2010). Seven mills (of eight surveyed) provided data for 2012 lumber and co-product production, raw
material and fuel use, electricity consumption, and on-site emissions. Boilers provide steam for drying
which is the most energy intensive production step at the mill. The LCIA for boilers developed in a
separate CORRIM report was used (Puettmann and Milota 2015). The mills in this study with boilers are
included in the CORRIM boiler study.

The primary data in the PNW survey indicated that 86.6 percent of the dimension lumber was dried and
13.4 percent was sold green. In 2012, 39 percent of the regional dimension lumber production was green
(as reported by WWPA, 2013), nearly all of it Douglas-fir. Hemlock dimension is almost always
produced dry. The survey was not designed to mimic regional green/dry production because the product
of the study is planed dry lumber and the survey was primarily sent to mills that dry. The material and
energy inputs for sawing and planing to produce green lumber are very similar to the inputs to saw and
plane dry lumber so the data for green lumber was included in those processes. In any event, for mills
that produce both green and dry, it would not be possible to allocate within a process. The impacts of the
drying process are based only on the lumber that was dried. Green lumber essentially bypasses the dryer.
Lumber volume entering the planing process was based on the green specific gravity and dimensions
regardless of whether the wood was green or dry allowing the mass to be balanced and planer losses to be
accounted for.

In the survey, 60.4 percent of the planed dry lumber was western hemlock and 39.6 percent is Douglas-
fir. The actual production of dry dimension for 2012 (as reported WWPA, 2013) was 41 percent hemlock
and 59% Douglas-fir. The sawing and planing processed for the two species are similar. The energy
required to dry is greater for hemlock, however, and consequently the survey may overestimate the life
cycle impacts of drying. Drying is the processing step with the greatest contribution to life cycle impacts.

7.2 Calculation rules

Pacific Northwest mills reported logs in log scale units of Westside Scribner board feet. These were
converted to a cubic measurement using values in Briggs (1994) and Mann and Lysons (1972). The
resulting log volumes sawn per unit of production calculated for each mill varied -11 to +7% from the
mean of 0.60 m*m?, ranging from 0.53 to 0.64 m® of rough green lumber per m? of log. This variance is
to be expected because of uncertainties associated with dependence on log diameter when converting
Scribner to an actual volume. It is considered a relatively small margin of error. As a second check, log
mass into the process was within 3% of the sum of the masses of the co-products from the sawing
process. This is a small margin of error and provides better insight to the consistency of the data because
mills can more accurately measure the products and co-products than the logs.
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Over 95% of the planed dry lumber reported in the surveys was 38 mm in thickness (2-inch) with widths
from 63 to 286 mm. The weighted average width was 127 mm. The closest commercial size to this is the
2x6 at 140 mm.

The survey results for each unit process were converted to a production basis: per m® of log for the
logyard, per m® of rough green lumber for the sawmill, per m? of rough dry lumber for drying, and per m®
of planed dry lumber for planing. The values reported by each mill were combined into a production-
weighted average for each input. Thus, the value from a large mill had more weight. This approach
resulted in a sawmill complex that represents a composite of the mills surveyed and maintains
confidentiality. The USLCI database was used to assess off-site impacts associated with the non wood
materials, fuels, and electricity. SimaPro, version 8.04 (Pré Consultants 2015) was used as the accounting
program to track all of the materials.

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

7.3 Allocation rules

Allocation was based on the mass of the products and co-products is shown in the body of the report.
Allocation based on economic value and the resulting LCI are shown in Appendix 2.

7.4 LCIresults

Life cycle inventory results for lumber are presented by two life stages, forestry operations and lumber
production (Tables 13-16). The majority of the raw material energy consumption occurs during wood
production with only a small portion arising from forestry operations. Raw material energy requirements
are presented in Error! Reference source not found. for 1 m? of planed dry softwood lumber. Air
emissions are reported in Table 14, water emissions are reported in Table 15 and solid waste emissions
are reported in Table 16.

Table 13 Raw material energy consumption, kg per 1 m? of planed dry softwood lumber produced
in the Pacific Northwest US based on mass allocation.

Forestr Wood
e Ve operatio)rqs production
kg/m?
Coal 8.49E+00 1.49E-01 8.34E+00
Gas 8.51E+00 1.92E-01 8.32E+00
QOil 7.27E+00 2.54E+00 4.73E+00
Uranium 1.85E-04 3.50E-06 1.82E-04
Wood 1.17E+02 0.00E+00 1.17E+02

Almost all of the coal is used in electricity production. Of the oil used in the PNW softwood lumber
processes, 91% is attributable to diesel burned in equipment such as trucks, skidders, and forklifts, 35
percent of which is for forestry operations. Of the natural gas, 65 percent is used for electrical generation,
20 percent in boilers, and the balance, 12 percent, for chemical production such as urea and ethylene
production for wrap and strapping. Uranium was used for electrical generation. Wood is combusted for
energy in onsite boilers at lumber mills.
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The major sources of on-site air emissions (Table 14 and Appendix 1) are the dryer and the boiler. Dryer
emissions include volatile organic compounds, such as terpenes, that come from the wood. VOCs are
approximately 47% from each, the boiler and the dryer. The balance are from other on- and off-site
processes. PM<10 is almost all from the boiler. PM2.5 is 16% from sawmill and the logyard, 76% from
the boiler, with 6% from drying. PM>10 is 39% due to the sawmill and logyard, 13% from the boiler,
20% from drying, and 27% from planing. Under Title 111 of the Clean Air Act Amendments of 1990, the
EPA has designated six HAPs that wood products facilities are required to report as surrogates for all
HAPs. These are methanol, acetaldehyde, formaldehyde, propionaldehyde, acrolein, and phenol.
Methanol is 89% from the dryer and 9% from the boiler. Acetaldehyde is 94% from the dryer and 4%
from the boiler. Formadehyde is 79% from the boiler, 13% from the dryer, and 6% from the logyard and
sawmill. Acrolein and propionaldehyde are approximately 10% due to the boiler with most of the balance
attributable to the dryer. Phenol is nearly 100% attributable to the boiler. Many of the compounds listed
are produced off-site.

39



Table 14. Emission released to air, kg per 1 m® of planed dry softwood lumber produced in the
PNW US based on mass allocation. Emission less than 10 kg/m? are omitted except compounds on

EPA HAPs list.
Air emissions Total Fores_try WOOd.
operations production
kg/m®

Carbon dioxide, biogenic 2.06E+02 6.52E-03 2.06E+02
Carbon dioxide, fossil 5.38E+01 8.26E+00 4.56E+01
Nitrogen oxides 4.88E-01 1.50E-01 3.38E-01
Carbon monoxide, biogenic 3.77E-01 0.00E+00 3.77E-01
Sulfur dioxide 2.69E-01 5.39E-03 2.64E-01
Carbon monoxide, fossil 1.91E-01 7.51E-02 1.16E-01
VOC, volatile organic compounds 2.34E-01 4.01E-03 2.30E-01
Methane 1.29E-01 1.11E-02 1.18E-01
Carbon dioxide 6.81E-02 2.25E-02 4.57E-02
Wood (dust) 7.56E-02 0.00E+00 7.56E-02
Particulates, <10 um 5.50E-02 0.00E+00 5.50E-02
Particulates, < 2.5 um 2.29E-02 0.00E+00 2.29E-02
Sulfur monoxide 1.39E-02 8.31E-03 5.62E-03
Particulates, > 10 um 2.17E-02 0.00E+00 2.17E-02
Acetaldehyde 2.16E-02 3.44E-05 2.16E-02
NMVOC, non-methane volatile organic compounds, unspecified

origin 1.561E-02 5.00E-03 1.01E-02
Methanol 1.70E-02 0.00E+00 1.70E-02
Particulates, unspecified 1.41E-02 8.19E-04 1.33E-02
Particulates, > 2.5 um, and < 10um 1.02E-02 4.59E-03 5.59E-03
Methane, fossil 1.38E-02 8.54E-04 1.29E-02
Sulfur oxides 1.25E-02 0.00E+00 1.25E-02
Isoprene 5.30E-03 1.64E-04 5.14E-03
Hydrogen chloride 4.57E-03 8.38E-05 4.49E-03
Methane, biogenic 2.60E-03 0.00E+00 2.60E-03
BTEX (Benzene, Toluene, Ethylbenzene, and Xylene), unspecified

ratio 2.10E-03 4.72E-05 2.05E-03
Ammonia 1.92E-03 6.91E-05 1.85E-03
Formaldehyde 1.90E-03 5.33E-05 1.85E-03
Carbon monoxide 1.87E-03 3.07E-06 1.87E-03
Dinitrogen monoxide 9.02E-04 1.40E-04 7.62E-04
Acrolein 9.79E-04 4.17E-06 9.74E-04
HAPs 7.33E-04 0.00E+00 7.33E-04
Hydrogen fluoride 5.51E-04 9.79E-06 5.41E-04
Organic substances, unspecified 4.93E-04 4.06E-07 4.92E-04
Aldehydes, unspecified 3.00E-04 1.03E-04 1.97E-04
Propene 1.77E-04 1.16E-04 6.14E-05
Radionuclides (Including Radon) 2.63E-04 4.97E-06 2.58E-04
HAPS, unspecified 2.13E-04 0.00E+00 2.13E-04
Propanal 1.63E-04 7.71E-11 1.63E-04
Benzene 9.13E-05 4.19E-05 4.93E-05
Phenol 7.58E-05 3.25E-12 7.58E-05
Toluene 2.82E-05 1.83E-05 9.88E-06
Magnesium 4.05E-05 7.18E-07 3.98E-05
Xylene 1.96E-05 1.28E-05 6.87E-06
Lead 2.22E-05 4.13E-08 2.22E-05

40




Air emissions Total Fores_try WOOd.
operations production
kg/m®
Naphthalene 7.10E-06 1.06E-08 7.09E-06
Nickel 4.03E-06 6.44E-07 3.39E-06
Manganese 2.71E-06 5.54E-08 2.65E-06
Arsenic 1.59E-06 3.72E-08 1.55E-06
Methane, dichloro-, HCC-30 1.27E-06 5.68E-08 1.21E-06
Chromium 1.17E-06 2.67E-08 1.14E-06
Chlorine 6.71E-07 0.00E+00 6.71E-07
Cobalt 5.70E-07 5.09E-08 5.19E-07
Mercury 5.96E-07 7.34E-09 5.88E-07
Cadmium 3.43E-07 9.07E-09 3.34E-07
Chromium VI 2.91E-07 5.16E-09 2.86E-07
Ethene, tetrachloro- 1.61E-07 3.37E-09 1.58E-07
Beryllium 8.38E-08 1.83E-09 8.20E-08
Ethylene oxide 8.24E-08 0.00E+00 8.24E-08
Antimony 6.64E-08 1.18E-09 6.52E-08
Cyanide 5.43E-08 5.07E-10 5.37E-08
Benzyl chloride 1.52E-08 1.42E-10 1.50E-08
Benzene, ethyl- 1.39E-08 1.91E-11 1.39E-08
Isophorone 1.26E-08 1.18E-10 1.25E-08
Methane, monochloro-, R-40 1.15E-08 1.08E-10 1.14E-08
Biphenyl 6.26E-09 1.11E-10 6.15E-09
Hydrazine, methyl- 3.69E-09 3.45E-11 3.65E-09
Carbon disulfide 2.82E-09 2.64E-11 2.79E-09
Acenaphthene 1.88E-09 3.33E-11 1.84E-09
Ethane, 1,1,1-trichloro-, HCFC-140 1.12E-09 2.42E-10 8.74E-10
Chloroform 1.28E-09 1.20E-11 1.27E-09
Sulfuric acid, dimethy! ester 1.04E-09 9.74E-12 1.03E-09
Acenaphthylene 9.20E-10 1.63E-11 9.04E-10
Ethane, chloro- 9.11E-10 8.52E-12 9.03E-10
Styrene 5.43E-10 5.07E-12 5.37E-10
Benzene, chloro- 4.77E-10 4.47E-12 4.73E-10
Methyl methacrylate 4.34E-10 4.06E-12 4.30E-10
Acetophenone 3.26E-10 3.04E-12 3.22E-10
Benzo(a)anthracene 2.95E-10 5.23E-12 2.89E-10
2-Chloroacetophenone 1.52E-10 1.42E-12 1.50E-10
Benzo(a)pyrene 1.40E-10 2.48E-12 1.37E-10
Ethane, 1,2-dibromo- 2.73E-11 2.44E-13 2.71E-11
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- 2.15E-11 1.65E-13 2.14E-11
Ethene, trichloro- 1.93E-11 0.00E+00 1.93E-11
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin 6.01E-19 0.00E+00 6.01E-19

Waterborne emissions are generated mostly off-site (Table 15 and Appendix 1). Most sawmills operate
with a discharge restriction. The water sprayed on logs is collected and recycled or soaks into the ground.
Water used at the boiler and kilns is reused or evaporated. A complete (alphabetical) list of all emissions

to water is located in the Appendix 1 of this report.
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Table 15. Emissions released to water, kg per 1 m?of dry planed softwood lumber produced in the

PNW of the US based on mass allocation. Emissions less than 10 kg-m are omitted.

Water emission Total Fores_try WOOd.
operations production
kg/m®
Chloride 1.91E+00 3.48E-01 1.56E+00
Suspended solids, unspecified 1.40E+00 4.55E-01 9.46E-01
Solved solids 1.04E+00 0.00E+00 1.04E+00
Sodium 2.99E-01 9.82E-02 2.01E-01
Sodium, ion 2.39E-01 0.00E+00 2.39E-01
Calcium 9.44E-02 3.10E-02 6.35E-02
Calcium, ion 7.53E-02 0.00E+00 7.53E-02
Barium 3.94E-02 1.13E-02 2.81E-02
Magnesium 3.32E-02 6.05E-03 2.71E-02
COD, Chemical Oxygen Demand 2.10E-02 3.34E-03 1.77E-02
BODS5, Biological Oxygen Demand 1.50E-02 1.76E-03 1.32E-02
Lithium 1.56E-02 6.62E-04 1.50E-02
Bromide 1.13E-02 2.07E-03 9.25E-03
Lithium, ion 1.34E-02 0.00E+00 1.34E-02
Sulfate 8.12E-03 7.82E-04 7.34E-03
Iron 6.36E-03 1.64E-03 4.71E-03
Aluminium 2.89E-03 8.23E-04 2.07E-03
Strontium 2.88E-03 5.26E-04 2.35E-03
Qils, unspecified 1.30E-03 2.22E-04 1.08E-03
Fluoride 7.18E-04 6.50E-04 6.85E-05
Waste water/m3 1.22E-03 0.00E+00 1.22E-03
Ammonia 8.60E-04 1.80E-04 6.80E-04
Phosphate 5.27E-04 4.89E-04 3.88E-05
Boron 1.66E-04 3.03E-05 1.36E-04
Sulfur 1.40E-04 2.55E-05 1.14E-04
Silver 1.11E-04 2.02E-05 9.06E-05
Manganese 1.18E-04 1.08E-05 1.07E-04

Solid waste is shown in Table 16. The mills recycled 2.59 kg-m of ash for agriculture in addition to
what appears in the table. Some waste that is collected from the log-yard and cannot be sent to the boiler
because it is mixed with dirt and rocks.

Table 16. Waste to landfill, kg per m3 of dry planed softwood lumber, mass allocation for the PNW

of the US.

Waste Total Fores_try WOOd.
operations production
kg/m?
Ash 1.12E+00 3.87E-03 1.11E+00
Other inorganics 3.10E-02 0.00E+00 3.10E-02
Waste, solid 2.97E+00 1.29E-01 2.84E+00
Woody material 5.16E-03 0.00E+00 5.16E-03
Other organics 5.20E-04 0.00E+00 5.20E-04
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8 Life cycle impact assessment

The life cycle impact assessment (LCIA) phase establishes links between the life cycle inventory results
and potential environmental impacts. Within the LCIA impact indicators, such as global warming
potential and smog are calculated. These impact indicators provide general, but quantifiable, indications
of potential environmental impacts. The target impact indicator, the impact category, and means of
characterizing the impacts are summarized in Table 17. Environmental impacts are determined using the
TRACI method (Bare et al. 2011). These five impact categories are reported consistent with the
requirement of the wood products PCR (PCR 2011).

Table 17. Selected impact indicators, characterization models, and impact categories.

Impact Indicator Characterization Model Impact Category

Greenhouse gas (GHG) Calculate total emissions in the reference unit of CO;

. : . : Global warmin
emissions equivalents for CO,, methane, and nitrous oxide. g

Calculate the total ozone forming chemicals in the
Releases to air decreasing or | stratosphere including CFC’s HCFC'’s, chlorine, and
thinning of ozone layer bromine. Ozone depletion values are measured in the
reference units of CFC equivalents.

Ozone depletion

Calculate total hydrogen ion (SO,) equivalent for released
sulfur oxides, nitrogen oxides, hydrochloric acid, and
ammonia. Acidification value of SO, mole-eq. is used as a
reference unit.

Releases to air potentially
resulting in acid rain
(acidification)

Acidification

Calculate total substances that can be photo-chemically
oxidized. Smog forming potential of O3 is used as a
reference unit.

Photochemical
smog

Releases to air potentially
resulting in smog

Releases to air potentially Calculate total substances that contain available nitrogen
resulting in eutrophication or phosphorus. Eutrophication potential of N-eq. is used as | Eutrophication
of water bodies a reference unit.

Each impact indicator is a measure of an aspect of a potential impact. This LCIA does not make value
judgments about the impact indicators, meaning that no single indicator is given more or less value than
any of the others. All are presented as equals. Additionally, each impact indicator value is stated in units
that are not comparable to others. For the same reasons, indicators should not be combined or added.

Table 18 provides the environmental performance results for global warming potential (GWP),
acidification, eutrophication, ozone depletion and smog potential for softwood lumber produced in the
PNW region. For GWP, 85% of the CO, equivalent emissions come from producing lumber, with 15%
assigned to forestry operations. The contribution of forestry operations to the other factors ranges from 7
to 32%.

Table 18 also provides values for the energy and material resource consumption and the waste generated.
Total energy was 3,430 MJ/m?® which is comparable to 3,370 MJ/m? for the 1999 study (Milota et al.
(2005). Fossil energy, 878 MJ/m?, is used for machinery, transportation, electricity, and drying. It is
lower than in the 2005 report because fewer mills reported gas boilers. The biomass energy, 2,440
MJ/m3, is almost all for drying. This was less than the 1,600 MJ/m? in the previous work (Milota et al.
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2005) due to a greater use of wood-fired boilers. Examples of nonrenewable materials are ink, wrapping,
and strapping. Renewable materials includes mainly the logs, but dunnage and stickers and other
materials make up 0.4 percent. Water consumption is more than three times greater and solid waste is
less than one third of that previously reported.

Table 18. Environmental performance of 1 m® planed dry softwood lumber based on mass allocation,
PNW of the US.

. Forestr Wood
Impact category Unit Total Operatio)rlm Production
Global warming potential kg CO; eq 5.78E+01 8.62E+00 4.92E+01
Acidification Potential kg SO; eq 6.46E-01 1.19E-01 5.27E-01
Eutrophication Potential kg N eqg 2.56E-02 8.20E-03 1.74E-02
Ozone depletion Potential kg CFC-11 eq 5.51E-09 3.84E-10 5.13E-09
Smog Potential kg Os eq 1.32E+01 3.73E+00 9.44E+00
Total Primary Energy Consumption
Non-renewable fossil MJ 8.78E+02 1.27E+02 7.51E+02
Non-renewable nuclear MJ 7.05E+01 1.33E+00 6.92E+01
Renewable (solar, wind, hydroelectric, and
geothermal) MJ 3.67E+01 2.30E-01 3.64E+01
Renewable, biomass (other, off-site) MJ 4.07E+00 1.37E-03 4.07E+00
On-site boiler burning residues from
purchased logs MJ 1.91E+03 0.00E+00 1.91E+03
On-site boiler burning purchased residues MJ 5.35E+02 0.00E+00 5.35E+02
Material resources consumption
(Non-fuel resources)
Non-renewable materials kg 1.80E-01 4.18E-02 1.38E-01
Renewable materials kg 4.78E+02 0.00E+00 4.78E+02
Fresh water L 3.54E+02 8.26E+00 3.46E+02
Waste generated
Solid waste kg 4.12E+00 1.33E-01 3.99E+00

9 Treatment of biogenic carbon

Treatment of biogenic carbon is consistent with the Intergovernmental Panel for Climate Change (IPCC
2006) inventory reporting framework in that there is no assumption that biomass combustion is carbon
neutral, but that net carbon emissions from biomass combustion are accounted for under the Land-Use
Change and Forestry (LUCF) Sector and are therefore ignored in energy emissions reporting for the
product LCA to prevent double counting. Standards such as ASTM D7612, which are used in North
America to define legal, responsible and/or certified sources of wood materials, are in place to provide
assurances regarding forest regeneration and sustainable harvest rates that serve as proxies to ensure
stable carbon balances in the forest sector. They are outside the accounting framework for this LCA.

This approach to the treatment of biogenic carbon was taken for the Norwegian Solid Wood Product PCR
(Aasestad 2008), and the North American PCR has adopted an identical approach to ensure comparability
and consistency. The North American PCR approach is followed here for GWP reporting therefore the
default TRACI impact assessment method was used. This default method does not count the CO.
emissions released during the combustion of woody biomass during production. Other emissions
associated from wood combustion, e.g., methane or nitrogen oxides, do contribute to and are included in
the GWP impact category. For a complete list of emissions factors for the GWP method used, see Bare et
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al. (2011). Using this method, 57.8 kg COeq were released in the production of 1 m* of lumber. That
same 1 m® of lumber stores 856 kg CO.eq based on a specific gravity of 0.467 and a carbon content of
50% (Table 19).

Table 19. Carbon per 1 m? softwood lumber produced in the US Pacific Northwest based on mass
allocation.

kg COz2 equivalent
Forestry operations 8.6
Lumber manufacturing 49.2
CO; eq. stored in product 856

10 Discussion

In 2013 CORRIM updated Milota et al. (2005) to reflect updates in electricity grids and wood boilers
(Puettmann et al. 2013). At that time, an LCIA was also conducted using the LCI data developed by
Milota (2005). The updates were necessary to comply with the PCR for North American Structural Wood
Products so an EPD on North American Softwood Lumber could be produced
(http://www.awc.org/pdf/EPDs/Softwood _Lumber EPD.pdf). As noted earlier, total energy for
producing 1 cubic meters of softwood lumber from the PNW only slightly changed from 3,370 MJ/m?
(Milota et al. 2005) to 3,582 MJ/m? reported by Puettmann et al. (2013), to the current update study of
3,430 MJ/m?® (Table 20). The 2013 report only updated electricity and wood boiler data, where the
current study updated the full gate-to-gate LCI data for sawmill lumber production. It is worthy to note
that although total energy has not changed significantly, the type of fuel has. Energy generated from
fossil sources decreased by 50 percent. The decrease in fuel was made up by an increase in renewable
biomass by 53 percent. The current study shows that PNW softwood sawmills have gone from 45percent
self-sufficient in energy generation to 71percent self-sufficient.

An LCIA was not performed on the 2005 (Milota et al.) as it was not required under current CORRIM
protocol at the time. The updated data from the 2013 report shows a reflection in impacts directly
associated with the decrease use of fossil fuels and increase use of renewable biomass. Global warming
impacts were reduced by 48 percent while acidification, eutrophication, and smog were lowered by 44,
14, and 10 percent, respectively (Table 20). Use of renewable and non-renewable non fuel resources had
little change between the updated and this study. Water use increased by 235 percent. Since mills
reported little difference in manufacturing of softwood lumber, this could be due to better recording and
reporting by mills of resource use over the past 12 years. Solid waste destined for the landfill decreased
by 68 percent again this could be associated with a more efficient use of materials to reduce waste and to
reduce cost and environmental penalties from disposal.
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Table 20. LCIA comparison between updated 1999 LCI data and current study data on softwood
lumber production in the PNW of the US (mass allocation).

Current Study Past Study based on
Impact category Unit based on 2012 1999 updated

production data production data
Global warming potential kg CO eq 57.8 112.29
Acidification Potential kg SO; eq 0.646 1.16
Eutrophication Potential kg N eg 0.0256 0.0297
Ozone depletion Potential kg CFC-11eq 0.0000 0.0000
Smog Potential kg Os eq 13.20 14.63
Total Primary Energy Consumption
Non-renewable fossil MJ 878 1,764.90
Non-renewable nuclear MJ 70.50 97.14
Renewable (solar, wind, hydroelectric, and
geothermal) MJ 36.7 72.95
Renewable, biomass MJ 2,449.07 1,597.26
Material resources consumption (Non-fuel
resources)
Non-renewable materials Kg 0.180 0.106
Renewable materials kg 478.00 466.04
Fresh water L 354.00 105.74
Waste generated
Solid waste kg 4,12 12.81

11 Conclusions

The cradle to gate LCA for softwood lumber includes the LCI of forest resources that relies on secondary
data and the LCI of manufacturing that relies on primary survey data and secondary data for process
inputs such as natural gas, diesel, and electricity. The survey results were representative of the forest
operations in the region that would produce the relative amounts of Douglas-fir and hemlock lumber that
are reported as outputs for the region. The survey data are representative of the lumber sizes and
production volumes consistent with trade association production data.

Emissions from the forestry operations LCI range from 0 to 2 percent of the emissions from
manufacturing for most compounds; however, this can range up to 67 percent for some isolated
compounds. At the mill site emissions to land and water are small. Mill site airborne emissions originate
mainly at the boiler and dryer and are a function of the fuel burned.

Manufacturing consumes 96 percent of the cradle-to-gate energy to produce planed dry softwood lumber,
with the balance attributable to forestry operations. Forestry operations consumed almost exclusively
fossil fuels. The energy for processing was about 71 percent from biomass. Overall energy use is
dominated by the drying process and steam from wood fuel supplied 91.8 percent of the thermal energy
used for drying with the balance from natural gas. The sawing process is the greatest consumer of
electrical energy. Energy generated by renewable fuels, such as woody biomass, represents about 72
percent of the total energy from cradle to gate. Of the renewable biomass fuels, 78 percent was wood fuel
from the lumber production within the system boundary. The other wood fuel was purchased, quite
possibly from a similar sawmill.
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12 Units and constants

Table 21. Wood conversion

To convert from to Multiply by

Board feet log scale m® | 0.00717 (1/139.5)

Board feet rough green or rough dry 3 Varies by lumber size, based on actual
m . .

lumber dimensions

Board feet planed lumber m? Varies by lumber size, 0.00162 for 2x6

Table 22. Fuel conversions

Fuel HHV

MJ/kg
Coal 26.19
LPG 54.05
Natural gas 54.40
Qil 45.54
Uranium 381000
Wood (oven dry) 20.93
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14 Critical review

An internal review was conducted followed by an external review. These were done to ensure
consistency with the stated protocols.

14.1 Internal review

An internal review of the LCA product was provided using two knowledgeable and experienced LCA and
wood products reviewers. They are:

Maureen Puettmann, Owner, WoodL ife Environmental Consultants
The purpose of the LCA Report internal review is to check for errors and conformance with the PCR prior

to submittal to for external review. The technical and editorial comments of the reviewers were carefully
considered and in most instances incorporated into the final document. CORRIM addressed the internal
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review comments, as appropriate, and maintains a record of all comments and responses for future
reference.

14.2 External review

The external review process is intended to ensure consistency between the completed LCA and the
principals and requirements of the International Standards on LCA (ISO 2006) and the Product Category
Rules (PCR) for North American Structural and Architectural Wood Products (PCR 2011). Following
CORRIM’s internal review evaluation, documents were submitted to UL Environment (ULE) for
independent external review. The independent external review performed by ULE was conducted by:

?77?

The external review process is intended to ensure consistency between the completed LCA and the
principals and requirements of the International Standards on LCA (ISO 2006) and the Product Category
Rules (PCR) for North American Structural and Architectural Wood Products (PCR 2011).
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16 Appendix 1, Emissions
16.1 Air Emissions

Table 23. Air emissions released per 1 m? of dry planed softwood lumber produced in the US Pacific
Northwest (mass allocation).

Air emission Total Fores_try WOOd.
operations production
kg/m?

2-Chloroacetophenone 1.52E-10 1.42E-12 1.50E-10
2-Methyl-4-chlorophenoxyacetic acid 3.18E-13 0.00E+00 3.18E-13
2,4-D 1.70E-11 0.00E+00 1.70E-11
5-methyl Chrysene 8.10E-11 1.44E-12 7.96E-11
Acenaphthene 1.88E-09 3.33E-11 1.84E-09
Acenaphthylene 9.20E-10 1.63E-11 9.04E-10
Acetaldehyde 2.16E-02 3.44E-05 2.16E-02
Acetochlor 2.36E-10 0.00E+00 2.36E-10
Acetophenone 3.26E-10 3.04E-12 3.22E-10
Acrolein 9.79E-04 4.17E-06 9.74E-04
Alachlor 2.32E-11 0.00E+00 2.32E-11
Aldehydes, unspecified 3.00E-04 1.03E-04 1.97E-04
Ammonia 1.92E-03 6.91E-05 1.85E-03
Ammonium chloride 9.82E-06 1.86E-07 9.63E-06
Anthracene 7.73E-10 1.37E-11 7.59E-10
Antimony 6.64E-08 1.18E-09 6.52E-08
Arsenic 1.59E-06 3.72E-08 1.55E-06
Atrazine 4.60E-10 0.00E+00 4.60E-10
Barium 3.61E-07 0.00E+00 3.61E-07
Bentazone 1.88E-12 0.00E+00 1.88E-12
Benzene 9.13E-05 4.19E-05 4.93E-05
Benzene, chloro- 4.77E-10 4.47E-12 4.73E-10
Benzene, ethyl- 1.39E-08 1.91E-11 1.39E-08
Benzo(a)anthracene 2.95E-10 5.23E-12 2.89E-10
Benzo(a)pyrene 1.40E-10 2.48E-12 1.37E-10
Benzo(b,j,k)fluoranthene 4.05E-10 7.18E-12 3.98E-10
Benzo(g,h,i)perylene 6.59E-11 1.76E-12 6.42E-11
Benzo(ghi)perylene 3.35E-11 0.00E+00 3.35E-11
Benzyl chloride 1.52E-08 1.42E-10 1.50E-08
Beryllium 8.38E-08 1.83E-09 8.20E-08
Biphenyl 6.26E-09 1.11E-10 6.15E-09
Bromoform 8.46E-10 7.92E-12 8.38E-10
Bromoxynil 4.11E-12 0.00E+00 4.11E-12
BTEX (Benzene, Toluene, Ethylbenzene, and

Xylene), unspecified ratio 2.10E-03 4.72E-05 2.05E-03
Butadiene 2.68E-06 1.75E-06 9.30E-07
Cadmium 3.43E-07 9.07E-09 3.34E-07
Carbofuran 3.52E-12 0.00E+00 3.52E-12
Carbon dioxide 6.81E-02 2.25E-02 4.57E-02
Carbon dioxide, biogenic 2.06E+02 6.52E-03 2.06E+02
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. o Forest Wood
Al el operatig?\ls production
kg/m?

Carbon dioxide, fossil 5.38E+01 8.26E+00 4.56E+01
Carbon disulfide 2.82E-09 2.64E-11 2.79E-09
Carbon monoxide 1.87E-03 3.07E-06 1.87E-03
Carbon monoxide, biogenic 3.77E-01 0.00E+00 3.77E-01
Carbon monoxide, fossil 1.91E-01 7.51E-02 1.16E-01
Chloride 1.62E-10 5.00E-12 1.57E-10
Chlorinated fluorocarbons and hydrochlorinated

fluorocarbons, unspecified 4.36E-08 0.00E+00 4.36E-08
Chlorine 6.71E-07 0.00E+00 6.71E-07
Chloroform 1.28E-09 1.20E-11 1.27E-09
Chlorpyrifos 2.71E-11 0.00E+00 2.71E-11
Chromium 1.17E-06 2.67E-08 1.14E-06
Chromium VI 2.91E-07 5.16E-09 2.86E-07
Chrysene 3.68E-10 6.53E-12 3.62E-10
Cobalt 5.70E-07 5.09E-08 5.19E-07
Copper 8.42E-09 4.58E-10 7.96E-09
Cumene 1.15E-10 1.08E-12 1.14E-10
Cyanazine 4.06E-12 0.00E+00 4.06E-12
Cyanide 5.43E-08 5.07E-10 5.37E-08
Dicamba 2.39E-11 0.00E+00 2.39E-11
Dimethenamid 5.64E-11 0.00E+00 5.64E-11
Dinitrogen monoxide 9.02E-04 1.40E-04 7.62E-04
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- 2.15E-11 1.65E-13 2.14E-11
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-

dioxin 6.01E-19 0.00E+00 6.01E-19
Dipropylthiocarbamic acid S-ethyl ester 3.87E-11 0.00E+00 3.87E-11
Ethane, 1,1,1-trichloro-, HCFC-140 1.12E-09 2.42E-10 8.74E-10
Ethane, 1,2-dibromo- 2.73E-11 2.44E-13 2.71E-11
Ethane, 1,2-dichloro- 8.68E-10 8.12E-12 8.60E-10
Ethane, chloro- 9.11E-10 8.52E-12 9.03E-10
Ethene, tetrachloro- 1.61E-07 3.37E-09 1.58E-07
Ethene, trichloro- 1.93E-11 0.00E+00 1.93E-11
Ethylene oxide 8.24E-08 0.00E+00 8.24E-08
Fluoranthene 2.61E-09 4.64E-11 2.57E-09
Fluorene 3.35E-09 5.94E-11 3.29E-09
Fluoride 1.46E-06 2.68E-07 1.19E-06
Formaldehyde 1.90E-03 5.33E-05 1.85E-03
Furan 1.76E-11 2.99E-13 1.73E-11
Glyphosate 5.07E-11 0.00E+00 5.07E-11
HAPs 7.33E-04 0.00E+00 7.33E-04
HAPS, unspecified 2.13E-04 0.00E+00 2.13E-04
Hexane 1.45E-09 1.36E-11 1.44E-09
Hydrazine, methyl- 3.69E-09 3.45E-11 3.65E-09
Hydrocarbons, unspecified 5.67E-05 1.07E-06 5.56E-05
Hydrogen 2.22E-07 0.00E+00 2.22E-07
Hydrogen chloride 4.57E-03 8.38E-05 4.49E-03
Hydrogen fluoride 5.51E-04 9.79E-06 5.41E-04
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. o Forest Wood
Al el operatig?\ls production
kg/m?

Hydrogen sulfide 5.23E-12 1.62E-13 5.07E-12
Indeno(1,2,3-cd)pyrene 2.25E-10 3.98E-12 2.21E-10
Iron 3.61E-07 0.00E+00 3.61E-07
Isophorone 1.26E-08 1.18E-10 1.25E-08
Isoprene 5.30E-03 1.64E-04 5.14E-03
Kerosene 4.70E-06 8.89E-08 4.61E-06
Lead 2.22E-05 4.13E-08 2.22E-05
Magnesium 4.05E-05 7.18E-07 3.98E-05
Manganese 2.71E-06 5.54E-08 2.65E-06
Mercaptans, unspecified 4.70E-06 4.36E-08 4.66E-06
Mercury 5.96E-07 7.34E-09 5.88E-07
Metals, unspecified 4.65E-07 1.85E-14 4.65E-07
Methane 1.29E-01 1.11E-02 1.18E-01
Methane, biogenic 2.60E-03 0.00E+00 2.60E-03
Methane, bromo-, Halon 1001 3.47E-09 3.25E-11 3.44E-09
Methane, chlorodifluoro-, HCFC-22 6.85E-13 0.00E+00 6.85E-13
Methane, chlorotrifluoro-, CFC-13 6.51E-12 0.00E+00 6.51E-12
Methane, dichloro-, HCC-30 1.27E-06 5.68E-08 1.21E-06
Methane, dichlorodifluoro-, CFC-12 8.44E-10 2.95E-10 5.49E-10
Methane, fossil 1.38E-02 8.54E-04 1.29E-02
Methane, monochloro-, R-40 1.15E-08 1.08E-10 1.14E-08
Methane, tetrachloro-, CFC-10 6.26E-10 2.95E-11 5.97E-10
Methanol 1.70E-02 0.00E+00 1.70E-02
Methyl ethyl ketone 8.46E-09 7.92E-11 8.38E-09
Methyl methacrylate 4.34E-10 4.06E-12 4.30E-10
Metolachlor 1.87E-10 0.00E+00 1.87E-10
Metribuzin 8.64E-13 0.00E+00 8.64E-13
N-Nitrodimethylamine 4.31E-12 0.00E+00 4.31E-12
Naphthalene 7.10E-06 1.06E-08 7.09E-06
Nickel 4.03E-06 6.44E-07 3.39E-06
Nitrogen oxides 4.88E-01 1.50E-01 3.38E-01
Nitrogen, total 5.35E-06 5.08E-06 2.67E-07
NMVOC, non-methane volatile organic compounds,

unspecified origin 1.51E-02 5.00E-03 1.01E-02
Organic acids 3.61E-08 6.82E-10 3.54E-08
Organic substances, unspecified 4.93E-04 4.06E-07 4.92E-04
Other Organic 2.47E-05 0.00E+00 2.47E-05
PAH, polycyclic aromatic hydrocarbons 1.15E-05 7.53E-06 3.98E-06
Paraquat 3.78E-12 0.00E+00 3.78E-12
Parathion, methyl 2.85E-12 0.00E+00 2.85E-12
Particulates, < 10 um 5.50E-02 0.00E+00 5.50E-02
Particulates, < 2.5 um 2.29E-02 0.00E+00 2.29E-02
Particulates, > 10 um 2.17E-02 0.00E+00 2.17E-02
Particulates, > 2.5 um, and < 10um 1.02E-02 4.59E-03 5.59E-03
Particulates, unspecified 1.41E-02 8.19E-04 1.33E-02
Pendimethalin 1.94E-11 0.00E+00 1.94E-11
Permethrin 1.74E-12 0.00E+00 1.74E-12
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. o Forest Wood
Al el operatig?\ls production
kg/m?
Phenanthrene 9.94E-09 1.76E-10 9.76E-09
Phenol 7.58E-05 3.25E-12 7.58E-05
Phenols, unspecified 2.09E-07 2.96E-08 1.79E-07
Phorate 8.94E-13 0.00E+00 8.94E-13
Phosphate 1.23E-07 1.17E-07 6.12E-09
Phthalate, dioctyl- 1.58E-09 1.48E-11 1.57E-09
Polycyclic organic matter, unspecified 1.66E-11 0.00E+00 1.66E-11
Potassium 6.39E-05 0.00E+00 6.39E-05
Propanal 1.63E-04 7.71E-11 1.63E-04
Propene 1.77E-04 1.16E-04 6.14E-05
Pyrene 1.21E-09 2.16E-11 1.19E-09
Radionuclides (Including Radon) 2.63E-04 4.97E-06 2.58E-04
Selenium 4.83E-06 9.11E-08 4.74E-06
Simazine 1.23E-11 0.00E+00 1.23E-11
Sodium 1.47E-06 0.00E+00 1.47E-06
Styrene 5.43E-10 5.07E-12 5.37E-10
Sulfur 5.73E-08 0.00E+00 5.73E-08
Sulfur dioxide 2.69E-01 5.39E-03 2.64E-01
Sulfur monoxide 1.39E-02 8.31E-03 5.62E-03
Sulfur oxides 1.25E-02 0.00E+00 1.25E-02
Sulfur, total reduced 4.56E-06 0.00E+00 4.56E-06
Sulfuric acid, dimethy! ester 1.04E-09 9.74E-12 1.03E-09
t-Butyl methyl ether 7.60E-10 7.10E-12 7.52E-10
Tar 1.82E-10 5.62E-12 1.76E-10
Terbufos 3.05E-11 0.00E+00 3.05E-11
TOC, Total Organic Carbon 4.44E-08 0.00E+00 4.44E-08
Toluene 2.82E-05 1.83E-05 9.88E-06
Toluene, 2,4-dinitro- 6.08E-12 5.68E-14 6.02E-12
Vinyl acetate 1.65E-10 1.54E-12 1.63E-10
VOC, volatile organic compounds 2.34E-01 4.01E-03 2.30E-01
Wood (dust) 7.56E-02 0.00E+00 7.56E-02
Xylene 1.96E-05 1.28E-05 6.87E-06
Zinc 4.65E-07 9.44E-08 3.71E-07
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16.2 Water Emissions

Table 24. Emissions to water released per 1 m?® of dry planed softwood lumber produced in the US
Pacific Northwest (mass allocation).

. Forest Wood
Water emission Total operatic?mls production
kg/m?®
2-Hexanone 3.45E-07 6.29E-08 2.82E-07
2-Methyl-4-chlorophenoxyacetic acid 1.36E-14 0.00E+00 1.36E-14
2-Propanol 4.29E-09 0.00E+00 4.29E-09
2,4-D 7.30E-13 0.00E+00 7.30E-13
4-Methyl-2-pentanone 2.22E-07 4.05E-08 1.81E-07
Acetaldehyde 8.68E-08 0.00E+00 8.68E-08
Acetochlor 1.01E-11 0.00E+00 1.01E-11
Acetone 5.28E-07 9.64E-08 4.32E-07
Acidity, unspecified 3.56E-13 0.00E+00 3.56E-13
Acids, unspecified 2.06E-06 1.05E-10 2.06E-06
Alachlor 9.96E-13 0.00E+00 9.96E-13
Aluminium 2.89E-03 8.23E-04 2.07E-03
Aluminum 1.73E-05 0.00E+00 1.73E-05
Ammonia 8.60E-04 1.80E-04 6.80E-04
Ammonia, as N 1.71E-09 5.27E-11 1.65E-09
Ammonium, ion 7.72E-05 3.97E-08 7.72E-05
Antimony 1.75E-06 5.13E-07 1.24E-06
Arsenic 7.59E-06 2.85E-06 4.74E-06
Arsenic, ion 5.81E-06 0.00E+00 5.81E-06
Atrazine 1.97E-11 0.00E+00 1.97E-11
Barium 3.94E-02 1.13E-02 2.81E-02
Bentazone 8.04E-14 0.00E+00 8.04E-14
Benzene 8.84E-05 1.62E-05 7.22E-05
Benzene, 1-methyl-4-(1-methylethyl)- 5.28E-09 9.63E-10 4.31E-09
Benzene, ethyl- 4.99E-06 9.10E-07 4.08E-06
Benzene, pentamethyl- 3.96E-09 7.23E-10 3.24E-09
Benzenes, alkylated, unspecified 1.54E-06 4.50E-07 1.09E-06
Benzo(a)pyrene 2.67E-08 0.00E+00 2.67E-08
Benzoic acid 5.36E-05 9.78E-06 4.38E-05
Beryllium 6.71E-07 1.46E-07 5.25E-07
Biphenyl 9.94E-08 2.91E-08 7.03E-08
BODS5, Biological Oxygen Demand 1.50E-02 1.76E-03 1.32E-02
Boron 1.66E-04 3.03E-05 1.36E-04
Bromide 1.13E-02 2.07E-03 9.25E-03
Bromoxynil 1.06E-13 0.00E+00 1.06E-13
Cadmium 1.17E-06 4.62E-07 7.10E-07
Cadmium, ion 8.61E-07 0.00E+00 8.61E-07
Calcium 9.44E-02 3.10E-02 6.35E-02
Calcium, ion 7.53E-02 0.00E+00 7.53E-02
Carbofuran 1.51E-13 0.00E+00 1.51E-13
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Water emission Total Fores_try WOOd.
operations production
kg/m®
CFCs, unspecified 4.29E-09 0.00E+00 4.29E-09
Chloride 1.91E+00 3.48E-01 1.56E+00
Chlorpyrifos 1.16E-12 0.00E+00 1.16E-12
Chromate 1.83E-11 0.00E+00 1.83E-11
Chromium 6.22E-05 2.19E-05 4.03E-05
Chromium Il 9.66E-06 1.71E-06 7.96E-06
Chromium VI 2.60E-07 9.09E-08 1.69E-07
Chromium, ion 8.00E-06 0.00E+00 8.00E-06
Cobalt 1.17E-06 2.14E-07 9.56E-07
COD, Chemical Oxygen Demand 2.10E-02 3.34E-03 1.77E-02
Copper 7.69E-06 2.88E-06 4.81E-06
Copper, ion 5.67E-06 0.00E+00 5.67E-06
Cyanazine 1.74E-13 0.00E+00 1.74E-13
Cyanide 3.05E-06 6.96E-10 3.05E-06
Decane 1.54E-06 2.81E-07 1.26E-06
Detergent, oil 4.84E-05 8.13E-06 4.03E-05
Dibenzofuran 1.00E-08 1.83E-09 8.21E-09
Dibenzothiophene 8.44E-09 1.58E-09 6.87E-09
Dicamba 1.02E-12 0.00E+00 1.02E-12
Dimethenamid 2.42E-12 0.00E+00 2.42E-12
Dipropylthiocarbamic acid S-ethyl ester 1.00E-12 0.00E+00 1.00E-12
Disulfoton 5.97E-14 0.00E+00 5.97E-14
Diuron 1.68E-14 0.00E+00 1.68E-14
DOC, Dissolved Organic Carbon 1.04E-11 3.22E-13 1.01E-11
Docosane 5.65E-08 1.03E-08 4.62E-08
Dodecane 2.92E-06 5.33E-07 2.39E-06
Eicosane 8.04E-07 1.47E-07 6.57E-07
Fluorene 1.62E-12 0.00E+00 1.62E-12
Fluorene, 1-methyl- 6.01E-09 1.10E-09 4.91E-09
Fluorenes, alkylated, unspecified 8.90E-08 2.61E-08 6.29E-08
Fluoride 7.18E-04 6.50E-04 6.85E-05
Fluorine 4.57E-08 1.29E-08 3.28E-08
Furan 1.57E-10 0.00E+00 1.57E-10
Glyphosate 2.17E-12 0.00E+00 2.17E-12
Hexadecane 3.19E-06 5.82E-07 2.61E-06
Hexanoic acid 1.11E-05 2.03E-06 9.07E-06
Hydrocarbons, unspecified 1.57E-07 4.03E-13 1.57E-07
Iron 6.36E-03 1.64E-03 4.71E-03
Lead 2.48E-05 5.62E-06 1.92E-05
Lead-210/kg 5.49E-15 1.00E-15 4.49E-15
Lithium 1.56E-02 6.62E-04 1.50E-02
Lithium, ion 1.34E-02 0.00E+00 1.34E-02
m-Xylene 1.60E-06 2.92E-07 1.31E-06
Magnesium 3.32E-02 6.05E-03 2.71E-02
Manganese 1.18E-04 1.08E-05 1.07E-04
Mercury 3.69E-08 1.23E-08 2.45E-08
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Water emission Total Fores_try WOOd.
operations production
kg/m®
Metallic ions, unspecified 8.77E-09 4.93E-12 8.77E-09
Methane, monochloro-, R-40 2.13E-09 3.88E-10 1.74E-09
Methyl ethyl ketone 4.25E-09 7.76E-10 3.48E-09
Metolachlor 7.99E-12 0.00E+00 7.99E-12
Metribuzin 3.70E-14 0.00E+00 3.70E-14
Molybdenum 1.21E-06 2.22E-07 9.92E-07
n-Hexacosane 3.53E-08 6.44E-09 2.88E-08
Naphthalene 7.57E-07 1.76E-07 5.81E-07
Naphthalene, 2-methyl- 8.37E-07 1.53E-07 6.84E-07
Naphthalenes, alkylated, unspecified 2.52E-08 7.37E-09 1.78E-08
Nickel 1.19E-05 2.70E-06 9.25E-06
Nickel, ion 9.42E-14 0.00E+00 9.42E-14
Nitrate 1.91E-07 3.54E-14 1.91E-07
Nitrate compounds 4.61E-11 1.42E-12 4.46E-11
Nitric acid 1.03E-07 3.19E-09 1.00E-07
Nitrogen, total 1.24E-05 9.88E-08 1.23E-05
0-Cresol 1.52E-06 2.77E-07 1.24E-06
0-Xylene 3.45E-12 0.00E+00 3.45E-12
Octadecane 7.88E-07 1.44E-07 6.44E-07
Oils, unspecified 1.30E-03 2.22E-04 1.08E-03
Organic substances, unspecified 6.64E-08 0.00E+00 6.64E-08
p-Cresol 1.64E-06 2.99E-07 1.34E-06
p-Xylene 3.45E-12 0.00E+00 3.45E-12
Paraquat 1.62E-13 0.00E+00 1.62E-13
Parathion, methyl 1.22E-13 0.00E+00 1.22E-13
Pendimethalin 8.32E-13 0.00E+00 8.32E-13
Permethrin 7.47E-14 0.00E+00 7.47E-14
Phenanthrene 1.08E-08 2.65E-09 8.17E-09
Phenanthrenes, alkylated, unspecified 1.04E-08 3.06E-09 7.38E-09
Phenol 1.17E-05 4.02E-06 7.68E-06
Phenol, 2,4-dimethyl- 1.48E-06 2.70E-07 1.21E-06
Phenols, unspecified 1.37E-05 8.37E-07 1.29E-05
Phorate 2.31E-14 0.00E+00 2.31E-14
Phosphate 5.27E-04 4.89E-04 3.88E-05
Phosphorus 1.32E-07 0.00E+00 1.32E-07
Phosphorus compounds, unspecified 4.28E-10 0.00E+00 4.28E-10
Phosphorus, total 5.19E-06 0.00E+00 5.19E-06
Process solvents, unspecified 1.57E-08 0.00E+00 1.57E-08
Radioactive species, Nuclides, unspecified 3.05E+02 5.77E+00 2.99E+02
Radium-226/kg 1.91E-12 3.48E-13 1.56E-12
Radium-228/kg 9.77E-15 1.78E-15 7.98E-15
Selenium 1.08E-06 1.13E-07 9.62E-07
Silver 1.11E-04 2.02E-05 9.06E-05
Simazine 5.25E-13 0.00E+00 5.25E-13
Sodium 2.99E-01 9.82E-02 2.01E-01
Sodium, ion 2.39E-01 0.00E+00 2.39E-01
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Water emission Total Fores_try WOOd.
operations production
kg/m®
Solids, inorganic 2.63E-10 8.12E-12 2.55E-10
Solved solids 1.04E+00 0.00E+00 1.04E+00
Strontium 2.88E-03 5.26E-04 2.35E-03
Styrene 2.06E-11 0.00E+00 2.06E-11
Sulfate 8.12E-03 7.82E-04 7.34E-03
Sulfide 2.63E-05 4.67E-07 2.58E-05
Sulfur 1.40E-04 2.55E-05 1.14E-04
Sulfuric acid 1.39E-08 0.00E+00 1.39E-08
Surfactants 1.60E-10 0.00E+00 1.60E-10
Suspended solids, unspecified 1.40E+00 4.55E-01 9.46E-01
Tar 2.60E-12 8.04E-14 2.52E-12
Terbufos 7.89E-13 0.00E+00 7.89E-13
Tetradecane 1.28E-06 2.34E-07 1.05E-06
Thallium 3.69E-07 1.08E-07 2.61E-07
Tin 8.78E-06 2.10E-06 6.68E-06
Titanium 1.53E-05 7.88E-06 7.42E-06
Titanium, ion 1.16E-05 0.00E+00 1.16E-05
TOC, Total Organic Carbon 2.00E-07 0.00E+00 2.00E-07
Toluene 8.37E-05 1.53E-05 6.84E-05
Vanadium 1.43E-06 2.62E-07 1.17E-06
Waste water/m3 1.22E-03 0.00E+00 1.22E-03
Xylene 4.42E-05 8.20E-06 3.60E-05
Yttrium 3.56E-07 6.50E-08 2.91E-07
Zinc 6.97E-05 1.90E-05 5.07E-05
Zinc, ion 2.24E-07 0.00E+00 2.24E-07
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17 Appendix 2. Analysis by economic allocation

Economic allocation for the logyard was 100% to the logs delivered to the sawmill. This differs slightly
from the mass allocation shown in Table 6 where 99.4% was allocated to logs delivered to the sawmill and
0.6% to logs sold off site. Presorting that occurs prior to loading the logs onto a truck at the landing results
in the small fraction of logs are resold from the logyard. Logs sold off-site may have a lower value (as in
the case of a defective log) or a higher value (a veneer log, for example) and this was not known from the
survey. Economic allocation only to the logs delivered to the sawmill is the conservative approach.

Economic allocation for the sawmill is shown in Table 25. A value of $322 per mbf for planed dry lumber
was obtained from Random Lengths (2012). There is no market for rough green softwood lumber, so a
price could not be obtained and this value was applied. Again, this is a conservative approach. A chip
value of $94.40 per bone dry ton was obtained from the same source. The values of other residuals vary
by region and were estimated to be $20 per bone dry US ton based on typical market values stated by
various mill employees. The accuracy of this estimate is not critical since the bark, hog fuel, and sawdust
make up a small fraction of the mill output on a value basis.

The product values shown in Tables 25 and 26 are per one kg of output from the process. For example,
0.190 $/kg for lumber means that its price would be 0.19/0.501=0.380 $/kg if sold on a weight basis.

Table 25. Mass allocation versus economic allocation for the sawmill in PNW of US. Values shown
are per kg of all products combined. The sum of the $/kg is a weighted value for one kg of dry
products.

Product Ma}ss Va_llue, $/kg Econgmic
allocation, % | leaving process | allocation, %
Lumber, rough green 50.1 0.19000 85.98
Chips, green 24.4 0.02537 11.48
Bark, green 6.1 0.00134 0.608
Hog fuel, green 13.8 0.00304 1.38
Sawdust, green 5.6 0.00123 0.56
SUM 100 0.22099 100

Economic allocation for the kiln was 100% to the lumber dried, same as done for mass allocation. This
process has no coproducts.

Economic allocation for the planer is shown in Table 26. A value of $322 per mbf for planed dry lumber
was obtained from Random Lengths for 2012. This is an average for the calendar year and weighted across
the lumber dimensions. A chip value of $94.40 was obtained from the same source for green chip. The
same value was assumed for dry chips. The values of other residuals varies by region and were estimated
to be $20 per bone dry US ton based on typical market values.
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Table 26 Mass allocation versus economic allocation for the planer in PNW of US. Values shown
are per kg of all products combined. The sum of the $/kg is a weighted value for one kg of dry
products.

Mass Value,_ sk Economic
PHOELE! allocation, % leaving allocation, %
process

Lumber, planed dry 88.7 0.369 99.05
Chips, dry 1.3 0.0013 0.352
Sawdust, dry 0.37 0.000081 0.022
Planer shavings 9.7 0.0021 0.574
SUM 100 0.37 100

The following tables parallel the LCI results presented in sections 7.4 and the impacts presented in Tables
18 and 19 except in this Appendix they are after economic allocation. The tables from Appendix 1 are
also presented except on the basis of economic allocation.

Table 27. Raw material energy consumption, kg per 1 m® of planed dry softwood lumber produced
in the Pacific Northwest of the US based on economic allocation. Table 13 shows mass allocation.

Fuel Total OISy WOOd.
operations | production
kg/m?

Coal 1.06E+01 2.48E-01 1.04E+01
Gas 1.03E+01 3.19E-01 9.97E+00
Oil 1.06E+01 2.48E-01 1.04E+01
Uranium 2.30E-04 5.81E-06 2.24E-04
Wood 1.29E+02 0.00E+00 | 1.29E+02
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Table 28. Emission released to air, kg per 1 m® of planed dry softwood lumber produced in the

PNW US based on economic allocation. Emission less than 10 kg/m? are omitted except
compounds on EPA HAPs list. Table 14 shows mass allocation.

Air emissions Total Fores_try WOOd.
operations production
kg/m®
Carbon dioxide, biogenic 2.28E+02 2.28E+02 1.08E-02
Carbon dioxide, fossil 7.25E+01 5.88E+01 1.37E+01
Nitrogen oxides 6.68E-01 4.19E-01 2.49E-01
Heat, waste 4.68E-01 4.68E-01 0.00E+00
Carbon monoxide, biogenic 4,17E-01 4.17E-01 0.00E+00
Sulfur dioxide 3.29E-01 3.20E-01 8.95E-03
Carbon monoxide, fossil 2.83E-01 1.59E-01 1.25E-01
VOC, volatile organic compounds 2.63E-01 2.56E-01 6.66E-03
Methane 1.65E-01 1.46E-01 1.85E-02
Wood (dust) 8.80E-02 8.80E-02 0.00E+00
Carbon dioxide 8.66E-02 4.92E-02 3.74E-02
Particulates, <10 um 6.09E-02 6.09E-02 0.00E+00
Particulates, > 10 um 2.87E-02 2.87E-02 0.00E+00
Particulates, < 2.5 um 2.71E-02 2.71E-02 0.00E+00
Acetaldehyde 2.38E-02 2.38E-02 5.71E-05
NMVOC, non-methane volatile organic compounds,
unspecified origin 2.26E-02 1.42E-02 8.31E-03
Sulfur monoxide 2.02E-02 6.40E-03 1.38E-02
Methanol 1.87E-02 1.87E-02 0.00E+00
Sulfur oxides 1.87E-02 1.87E-02 1.54E-11
Particulates, unspecified 1.81E-02 1.67E-02 1.36E-03
Methane, fossil 1.70E-02 1.56E-02 1.42E-03
Particulates, > 2.5 um, and < 10um 1.48E-02 7.14E-03 7.62E-03
Isoprene 6.95E-03 6.68E-03 2.72E-04
Hydrogen chloride 5.70E-03 5.56E-03 1.39E-04
Methane, biogenic 2.88E-03 2.88E-03 0.00E+00
BTEX (Benzene, Toluene, Ethylbenzene, and Xylene),
unspecified ratio 2.53E-03 2.45E-03 7.85E-05
Ammonia 2.19E-03 2.08E-03 1.15E-04
Formaldehyde 2.14E-03 2.05E-03 8.86E-05
Carbon monoxide 2.07E-03 2.07E-03 5.11E-06
Dinitrogen monoxide 1.20E-03 9.67E-04 2.33E-04
Acrolein 1.08E-03 1.07E-03 6.92E-06
HAPs 8.11E-04 8.11E-04 0.00E+00
Hydrogen fluoride 6.89E-04 6.73E-04 1.63E-05
Organic substances, unspecified 5.49E-04 5.48E-04 6.74E-07
Aldehydes, unspecified 4.51E-04 2.79E-04 1.72E-04
Radionuclides (Including Radon) 3.27E-04 3.19E-04 8.26E-06
Propene 2.65E-04 7.32E-05 1.92E-04
HAPS, unspecified 2.35E-04 2.35E-04 0.00E+00
Propanal 1.79E-04 1.79E-04 1.28E-10
Benzene 1.27E-04 5.72E-05 6.97E-05
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Air emissions Total Fores_try WOOd.
operations production
kg/m®

Phenol 8.39E-05 8.39E-05 5.40E-12
Magnesium 5.06E-05 4.94E-05 1.19E-06
Toluene 4.23E-05 1.18E-05 3.05E-05
Xylene 2.94E-05 8.20E-06 2.12E-05
Lead 2.49E-05 2.48E-05 6.86E-08
Naphthalene 7.88E-06 7.87E-06 1.76E-08
Nickel 5.37E-06 4.30E-06 1.07E-06
Manganese 3.28E-06 3.19E-06 9.20E-08
Arsenic 1.99E-06 1.93E-06 6.19E-08
Methane, dichloro-, HCC-30 1.61E-06 1.51E-06 9.44E-08
Chromium 1.45E-06 1.41E-06 4.43E-08
Chlorine 7.39E-07 7.39E-07 -2.04E-19
Cobalt 7.37E-07 6.53E-07 8.46E-08
Mercury 7.08E-07 6.96E-07 1.22E-08
Cadmium 4.26E-07 4.11E-07 1.51E-08
Chromium VI 3.64E-07 3.55E-07 8.57E-09
Ethene, tetrachloro- 2.02E-07 1.97E-07 5.60E-09
Beryllium 1.05E-07 1.02E-07 3.04E-09
Ethylene oxide 1.04E-07 1.04E-07 0.00E+00
Antimony 8.30E-08 8.10E-08 1.95E-09
Cyanide 6.06E-08 5.97E-08 8.43E-10
Benzene, ethyl- 1.72E-08 1.72E-08 3.17E-11
Benzyl chloride 1.70E-08 1.67E-08 2.36E-10
Isophorone 1.41E-08 1.39E-08 1.96E-10
Methane, monochloro-, R-40 1.28E-08 1.27E-08 1.79E-10
Biphenyl 7.82E-09 7.64E-09 1.85E-10
Hydrazine, methyl- 4.12E-09 4.06E-09 5.73E-11
Carbon disulfide 3.15E-09 3.11E-09 4.38E-11
Acenaphthene 2.35E-09 2.29E-09 5.54E-11
Ethane, 1,1,1-trichloro-, HCFC-140 1.51E-09 1.11E-09 4.03E-10
Chloroform 1.43E-09 1.41E-09 1.99E-11
Styrene 6.06E-10 5.97E-10 8.43E-12
Benzene, chloro- 5.33E-10 5.26E-10 7.42E-12
Methyl methacrylate 4.85E-10 4.78E-10 6.75E-12
Acetophenone 3.64E-10 3.58E-10 5.06E-12
Benzo(a)pyrene 1.75E-10 1.71E-10 4.12E-12
2-Chloroacetophenone 1.70E-10 1.67E-10 2.36E-12
Ethane, 1,2-dibromo- 3.07E-11 3.03E-11 4.05E-13
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- 2.43E-11 2.40E-11 2.73E-13
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin 6.62E-19 6.62E-19 -1.07E-29
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Table 29. Emissions released to water, kg per 1 m?of dry planed softwood lumber produced in the
PNW of the US based on economic allocation. Emissions less than 10 kg-m are omitted. Table 15
shows mass allocation.

Water emission Total Fores.try WOOd.
operations production
kg/m?
Chloride 2.58E+00 2.01E+00 5.79E-01
Suspended solids, unspecified 1.92E+00 1.17E+00 7.56E-01
Solved solids 1.40E+00 1.40E+00 6.91E-11
Sodium 4.10E-01 2.46E-01 1.63E-01
Sodium, ion 3.19E-01 3.19E-01 1.58E-11
Calcium 1.29E-01 7.77E-02 5.15E-02
Calcium, ion 1.01E-01 1.01E-01 497E-12
Barium 5.71E-02 3.84E-02 1.87E-02
Magnesium 4.49E-02 3.49E-02 1.01E-02
COD, Chemical Oxygen 2.76E-02 2.21E-02 5.55E-03
Demand
BODS, Biological Oxygen 2.08E-02 1.79E-02 2.93E-03
Demand
Lithium 2.00E-02 1.89E-02 1.10E-03
Bromide 1.53E-02 1.19E-02 3.43E-03
Lithium, ion 1.50E-02 1.50E-02 -6.38E-11
Sulfate 1.05E-02 9.22E-03 1.30E-03
Iron 9.06E-03 6.33E-03 2.73E-03
Aluminium 4,19E-03 2.82E-03 1.37E-03
Strontium 3.90E-03 3.03E-03 8.73E-04
Qils, unspecified 1.79E-03 1.42E-03 3.69E-04
Waste water/m3 1.35E-03 1.35E-03 0.00E+00
Ammonia 1.18E-03 8.84E-04 2.99E-04
Fluoride 1.12E-03 4,28E-05 1.08E-03
Phosphate 8.26E-04 1.45E-05 8.12E-04
Boron 2.25E-04 1.74E-04 5.03E-05
Sulfur 1.90E-04 1.47E-04 4.24E-05
Manganese 1.53E-04 1.35E-04 1.79E-05
Silver 1.50E-04 1.16E-04 3.36E-05
Benzene 1.20E-04 9.27E-05 2.69E-05
Toluene 1.13E-04 8.80E-05 2.54E-05
Zinc 1.00E-04 6.85E-05 3.16E-05
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Table 30. Waste to landfill, kg per m3 of dry planed softwood lumber, economic allocation for the
PNW of the US. Table 16 shows mass allocation.

Waste Total Forestry WOOd.
operations production
kg/m?

Ash 1.27E+00 6.43E-03 1.26E+00
Other inorganics 3.42E-02 0.00E+00 3.42E-02
Waste, solid 3.77E+00 2.14E-01 3.55E+00
Woody material 7.00E-03 0.00E+00 7.00E-03
Other organics 5.72E-04 0.00E+00 5.72E-04

Table 31. Environmental performance of 1 m?® planed dry softwood lumber based on economic

allocation, PNW of the US. Table 18 shows mass allocation.

] Forestr Wood
Impact category Unit Total Operatio?ns Production
Global warming potential kg CO eq 7.69E+01 | 1.36E+01 | 6.33E+01
Acidification Potential kg SO; eq 8.36E-01 1.87E-01 6.49E-01
Eutrophication Potential kg N eg 3.45E-02 1.29E-02 2.16E-02
Ozone depletion Potential kg CFC-11 eqg 6.52E-09 6.05E-10 5.91E-09
Smog Potential kg Os eq 1.75E+01 | 5.89E+00 | 1.16E+01
Total Primary Energy Consumption
Non-renewable fossil MJ 1.15E+03 | 2.99E+01 | 1.12E+03
Non-renewable nuclear MJ 8.76E+01 | 2.21E+00 | 8.54E+01
Renewable (solar, wind, hydroelectric, and
geothermal) MJ 4,72E+01 3.48E-01 4.69E+01
Renewable, biomass (other, off-site) MJ 4.60E+00 2.28E-03 | 4.60E+00
On-site boiler burning residues from
purchased logs MJ 2.11E+03 | 0.00E+00 | 2.11E+03
On-site boiler burning purchased residues MJ 5.92E+02 | 0.00E+00 | 5.92E+02
Material resources consumption
(Non-fuel resources)
Non-renewable materials kg 2.24E-01 6.95E-02 1.55E-01
Renewable materials kg 7.54E+02 | 0.00E+00 | 7.54E+02
Fresh water L 2.83E+05 | 1.37E+01 | 2.83E+05
Waste generated
Solid waste kg 5.08E+00 | 4.86E+00 | 2.20E-01

In general, economic allocation increases the impacts relative to mass allocation because lumber has a
greater value than chips, sawdust, hog fuel, or bark. The increase is approximately 10 to 30% for planed
dry lumber. For example, non renewable fossil fuel increases by 31% while renewable biomass increases
13%. A greater proportion of the fossil fuel is used in the logyard and for log transportation while the
biomass fuel is used at the dryer after the sawmill allocation.
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Table 32. Carbon per 1 m® softwood lumber produced in the US Pacific Northwest based on
economic. Table 19 shows mass allocation.

kg COz2 equivalent
Forestry operations 13.6
Lumber manufacturing 63.3
CO; eq. stored in product 856

Table 33. Air emissions released per 1 m3 of dry planed softwood lumber produced in the US Pacific
Northwest (economic allocation). See Appendix 1 for mass allocation.

. . Forest Wood
AFETIRIET Vel operatic?rqs production
kg/m?®

2-Chloroacetophenone 1.70E-10 1.67E-10 2.36E-12
2-Methyl-4-chlorophenoxyacetic acid 3.50E-13 3.50E-13 0.00E+00
2,4-D 1.87E-11 1.87E-11 0.00E+00
5-methyl Chrysene 1.01E-10 9.89E-11 2.39E-12
Acenaphthene 2.35E-09 2.29E-09 5.54E-11
Acenaphthylene 1.15E-09 1.12E-09 2.71E-11
Acetaldehyde 2.38E-02 2.38E-02 5.71E-05
Acetochlor 2.60E-10 2.60E-10 0.00E+00
Acetophenone 3.64E-10 3.58E-10 5.06E-12
Acrolein 1.08E-03 1.07E-03 6.92E-06
Alachlor 2.56E-11 2.56E-11 0.00E+00
Aldehydes, unspecified 4.51E-04 2.79E-04 1.72E-04
Ammonia 2.19E-03 2.08E-03 1.15E-04
Ammonium chloride 1.22E-05 1.19E-05 3.09E-07
Anthracene 9.66E-10 9.44E-10 2.28E-11
Antimony 8.30E-08 8.10E-08 1.95E-09
Arsenic 1.99E-06 1.93E-06 6.19E-08
Atrazine 5.06E-10 5.06E-10 0.00E+00
Barium 3.97E-07 3.97E-07 0.00E+00
Bentazone 2.07E-12 2.07E-12 0.00E+00
Benzene 1.27E-04 5.72E-05 6.97E-05
Benzene, chloro- 5.33E-10 5.26E-10 7.42E-12
Benzene, ethyl- 1.72E-08 1.72E-08 3.17E-11
Benzo(a)anthracene 3.68E-10 3.59E-10 8.68E-12
Benzo(a)pyrene 1.75E-10 1.71E-10 4.12E-12
Benzo(b,j,K)fluoranthene 5.06E-10 4.94E-10 1.19E-11
Benzo(g,h,i)perylene 8.63E-11 8.34E-11 2.93E-12
Benzo(ghi)perylene 3.79E-11 3.79E-11 -9.98E-20

65



. .. Forest Wood
AFETIRIET Vel operatig?\ls production
kg/m?

Benzyl chloride 1.70E-08 1.67E-08 2.36E-10
Beryllium 1.05E-07 1.02E-07 3.04E-09
Biphenyl 7.82E-09 7.64E-09 1.85E-10
Bromoform 9.45E-10 9.32E-10 1.32E-11
Bromoxynil 4.53E-12 4.53E-12 0.00E+00
BTEX (Benzene, Toluene, Ethylbenzene, and 2 53E-03 2 A5E-03 7 85E-05
Xylene), unspecified ratio
Butadiene 4.02E-06 1.11E-06 2.91E-06
Cadmium 4.26E-07 4.11E-07 1.51E-08
Carbofuran 3.87E-12 3.87E-12 0.00E+00
Carbon dioxide 8.66E-02 4.92E-02 3.74E-02
Carbon dioxide, biogenic 2.28E+02 2.28E+02 1.08E-02
Carbon dioxide, fossil 7.25E+01 5.88E+01 1.37E+01
Carbon disulfide 3.15E-09 3.11E-09 4.38E-11
Carbon monoxide 2.07E-03 2.07E-03 5.11E-06
Carbon monoxide, biogenic 417E-01 417E-01 0.00E+00
Carbon monoxide, fossil 2.83E-01 1.59E-01 1.25E-01
Chloride 2.12E-10 2.04E-10 8.31E-12
Chlorinated fluorocarbons and hydrochlorinated 4.79E-08 4.79E-08 0.00E+00
fluorocarbons, unspecified
Chlorine 7.39E-07 7.39E-07 -2.04E-19
Chloroform 1.43E-09 1.41E-09 1.99E-11
Chlorpyrifos 2.98E-11 2.98E-11 0.00E+00
Chromium 1.45E-06 1.41E-06 4.43E-08
Chromium VI 3.64E-07 3.55E-07 8.57E-09
Chrysene 4.60E-10 4.49E-10 1.09E-11
Cobalt 7.37E-07 6.53E-07 8.46E-08
Copper 1.07E-08 9.94E-09 7.61E-10
Cumene 1.28E-10 1.27E-10 1.79E-12
Cyanazine 4.46E-12 4.46E-12 0.00E+00
Cyanide 6.06E-08 5.97E-08 8.43E-10
Dicamba 2.63E-11 2.63E-11 0.00E+00
Dimethenamid 6.21E-11 6.21E-11 0.00E+00
Dinitrogen monoxide 1.20E-03 9.67E-04 2.33E-04
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- 2.43E-11 2.40E-11 2.73E-13
Dioxins, ~ measured =~ as 2378 | 56op g 6.62E-19 | -1.07E-29
tetrachlorodibenzo-p-dioxin
Dipropylthiocarbamic acid S-ethyl ester 4.25E-11 4.25E-11 0.00E+00
Ethane, 1,1,1-trichloro-, HCFC-140 1.51E-09 1.11E-09 4.03E-10
Ethane, 1,2-dibromo- 3.07E-11 3.03E-11 4.05E-13
Ethane, 1,2-dichloro- 9.69E-10 9.56E-10 1.35E-11
Ethane, chloro- 1.02E-09 1.00E-09 1.42E-11
Ethene, tetrachloro- 2.02E-07 1.97E-07 5.60E-09
Ethene, trichloro- 3.03E-11 3.03E-11 -6.03E-20
Ethylene oxide 1.04E-07 1.04E-07 0.00E+00
Fluoranthene 3.27E-09 3.19E-09 7.71E-11
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. _ Forest Wood
AFETIRIET Vel operatig?\ls production
kg/m?

Fluorene 4.19E-09 4.09E-09 9.88E-11
Fluoride 1.78E-06 1.33E-06 4.46E-07
Formaldehyde 2.14E-03 2.05E-03 8.86E-05
Furan 2.21E-11 2.16E-11 4.96E-13
Glyphosate 5.58E-11 5.58E-11 0.00E+00
HAPs 8.11E-04 8.11E-04 0.00E+00
HAPS, unspecified 2.35E-04 2.35E-04 0.00E+00
Heat, waste 4.68E-01 4.68E-01 0.00E+00
Hexane 1.62E-09 1.60E-09 2.26E-11
Hydrazine, methyl- 4.12E-09 4.06E-09 5.73E-11
Hydrocarbons, unspecified 7.05E-05 6.87E-05 1.78E-06
Hydrogen 2.44E-07 2.44E-07 0.00E+00
Hydrogen chloride 5.70E-03 5.56E-03 1.39E-04
Hydrogen fluoride 6.89E-04 6.73E-04 1.63E-05
Hydrogen sulfide 6.86E-12 6.59E-12 2.69E-13
Indeno(1,2,3-cd)pyrene 2.81E-10 2.74E-10 6.62E-12
Iron 3.97E-07 3.97E-07 0.00E+00
Isophorone 1.41E-08 1.39E-08 1.96E-10
Isoprene 6.95E-03 6.68E-03 2.72E-04
Kerosene 5.85E-06 5.70E-06 1.48E-07
Lead 2.49E-05 2.48E-05 6.86E-08
Magnesium 5.06E-05 4.94E-05 1.19E-06
Manganese 3.28E-06 3.19E-06 9.20E-08
Mercaptans, unspecified 5.25E-06 5.18E-06 7.25E-08
Mercury 7.08E-07 6.96E-07 1.22E-08
Metals, unspecified 5.12E-07 5.12E-07 3.08E-14
Methane 1.65E-01 1.46E-01 1.85E-02
Methane, biogenic 2.88E-03 2.88E-03 0.00E+00
Methane, bromo-, Halon 1001 3.88E-09 3.82E-09 5.40E-11
Methane, chlorodifluoro-, HCFC-22 8.63E-13 8.63E-13 0.00E+00
Methane, chlorotrifluoro-, CFC-13 8.19E-12 8.19E-12 0.00E+00
Methane, dichloro-, HCC-30 1.61E-06 1.51E-06 9.44E-08
Methane, dichlorodifluoro-, CFC-12 1.27E-09 7.82E-10 4.90E-10
Methane, fossil 1.70E-02 1.56E-02 1.42E-03
Methane, monochloro-, R-40 1.28E-08 1.27E-08 1.79E-10
Methane, tetrachloro-, CFC-10 7.41E-10 6.92E-10 490E-11
Methanol 1.87E-02 1.87E-02 0.00E+00
Methy! ethyl ketone 9.45E-09 9.32E-09 1.32E-10
Methyl methacrylate 4.85E-10 4.78E-10 6.75E-12
Metolachlor 2.05E-10 2.05E-10 0.00E+00
Metribuzin 9.51E-13 9.51E-13 0.00E+00
N-Nitrodimethylamine 6.76E-12 6.76E-12 -1.35E-20
Naphthalene 7.88E-06 7.87E-06 1.76E-08
Nickel 5.37E-06 4.30E-06 1.07E-06
Nitrogen oxides 6.68E-01 4.19E-01 2.49E-01
Nitrogen, total 8.44E-06 2.51E-11 8.44E-06
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. _ Forest Wood
AFETIRIET Vel operatig?\ls production
kg/m?

NMVOC, non-m_e'ghane _ _volatlle organic 2 26E-02 1 49E-02 8.31E-03
compounds, unspecified origin
Organic acids 4.49E-08 4.37E-08 1.13E-09
Organic substances, unspecified 5.49E-04 5.48E-04 6.74E-07
Other Organic 2.73E-05 2.73E-05 0.00E+00
PAH, polycyclic aromatic hydrocarbons 1.73E-05 4.75E-06 1.25E-05
Paraquat 4.16E-12 4.16E-12 0.00E+00
Parathion, methyl 3.14E-12 3.14E-12 0.00E+00
Particulates, <10 um 6.09E-02 6.09E-02 0.00E+00
Particulates, < 2.5 um 2.71E-02 2.71E-02 0.00E+00
Particulates, > 10 um 2.87E-02 2.87E-02 0.00E+00
Particulates, > 2.5 um, and < 10um 1.48E-02 7.14E-03 7.62E-03
Particulates, unspecified 1.81E-02 1.67E-02 1.36E-03
Pendimethalin 2.14E-11 2.14E-11 0.00E+00
Permethrin 1.92E-12 1.92E-12 0.00E+00
Phenanthrene 1.24E-08 1.21E-08 2.93E-10
Phenol 8.39E-05 8.39E-05 5.40E-12
Phenols, unspecified 2.77E-07 2.28E-07 4.91E-08
Phorate 9.84E-13 9.84E-13 0.00E+00
Phosphate 1.94E-07 0.00E+00 1.94E-07
Phthalate, dioctyl- 1.77E-09 1.74E-09 2.46E-11
Polycyclic organic matter, unspecified 2.08E-11 2.08E-11 0.00E+00
Potassium 7.03E-05 7.03E-05 0.00E+00
Propanal 1.79E-04 1.79E-04 1.28E-10
Propene 2.65E-04 7.32E-05 1.92E-04
Pyrene 1.52E-09 1.48E-09 3.58E-11
Radioactive species, unspecified 2.59E+05 2.53E+05 6.13E+03
Radionuclides (Including Radon) 3.27E-04 3.19E-04 8.26E-06
Selenium 6.04E-06 5.89E-06 1.51E-07
Simazine 1.35E-11 1.35E-11 0.00E+00
Sodium 1.62E-06 1.62E-06 0.00E+00
Styrene 6.06E-10 5.97E-10 8.43E-12
Sulfur 6.31E-08 6.31E-08 0.00E+00
Sulfur dioxide 3.29E-01 3.20E-01 8.95E-03
Sulfur monoxide 2.02E-02 6.40E-03 1.38E-02
Sulfur oxides 1.87E-02 1.87E-02 1.54E-11
Sulfur, total reduced 5.02E-06 5.02E-06 0.00E+00
Sulfuric acid, dimethyl ester 1.16E-09 1.15E-09 1.62E-11
t-Butyl methyl ether 8.48E-10 8.36E-10 1.18E-11
Tar 2.39E-10 2.29E-10 9.34E-12
Terbufos 3.36E-11 3.36E-11 0.00E+00
TOC, Total Organic Carbon 4.89E-08 4.89E-08 0.00E+00
Toluene 4.23E-05 1.18E-05 3.05E-05
Toluene, 2,4-dinitro- 6.79E-12 6.69E-12 9.44E-14
Vinyl acetate 1.84E-10 1.82E-10 2.56E-12
VOC, volatile organic compounds 2.63E-01 2.56E-01 6.66E-03
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Forestry Wood

AFETIRIET Vel operations production

kg/m?
Wood (dust) 8.80E-02 8.80E-02 0.00E+00
Xylene 2.94E-05 8.20E-06 2.12E-05
Zinc 5.60E-07 4.03E-07 1.57E-07

Table 34. Emissions to water released per 1 m3 of dry planed softwood lumber produced in the US
Pacific Northwest (economic allocation). See Appendix 1 for mass allocation.

.. Forest Wood
Water emission Total operatic?rqs production
kg/m®

2-Hexanone 4.67E-07 3.62E-07 1.05E-07
2-Methyl-4-chlorophenoxyacetic acid 1.50E-14 1.50E-14 0.00E+00
2-Propanol 4.72E-09 4.72E-09 0.00E+00
2,4-D 8.03E-13 8.03E-13 0.00E+00
4-Methyl-2-pentanone 3.01E-07 2.33E-07 6.73E-08
Acetaldehyde 1.09E-07 1.09E-07 0.00E+00
Acetochlor 1.11E-11 1.11E-11 0.00E+00
Acetone 7.15E-07 5.55E-07 1.60E-07
Acidity, unspecified 5.54E-13 5.54E-13 -1.09E-21
Acids, unspecified 2.27E-06 2.27E-06 1.75E-10
Alachlor 1.10E-12 1.10E-12 0.00E+00
Aluminium 4.19E-03 2.82E-03 1.37E-03
Aluminum 1.90E-05 1.90E-05 0.00E+00
Ammonia 1.18E-03 8.84E-04 2.99E-04
Ammonia, as N 2.24E-09 2.15E-09 8.76E-11
Ammonium, ion 5.87E-05 5.86E-05 6.60E-08
Antimony 2.55E-06 1.70E-06 8.52E-07
Arsenic 1.05E-05 5.76E-06 4.74E-06
Arsenic, ion 7.92E-06 7.92E-06 3.67E-15
Atrazine 2.17E-11 2.17E-11 0.00E+00
Barium 5.71E-02 3.84E-02 1.87E-02
Bentazone 8.85E-14 8.85E-14 0.00E+00
Benzene 1.20E-04 9.27E-05 2.69E-05
Benzene, 1-methyl-4-(1-methylethyl)- 7.15E-09 5.55E-09 1.60E-09
Benzene, ethyl- 6.75E-06 5.24E-06 1.51E-06
Benzene, pentamethyl- 5.36E-09 4.16E-09 1.20E-09
Benzenes, alkylated, unspecified 2.23E-06 1.49E-06 7.48E-07
Benzo(a)pyrene 4.18E-08 4.18E-08 -8.37E-17
Benzoic acid 7.26E-05 5.63E-05 1.63E-05
Beryllium 9.31E-07 6.88E-07 2.43E-07
Biphenyl 1.45E-07 9.63E-08 4.84E-08
BOD?5, Biological Oxygen Demand 2.08E-02 1.79E-02 2.93E-03
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Water emission Total Fores_try WOOd.
operations production
kg/m®
Boron 2.25E-04 1.74E-04 5.03E-05
Bromide 1.53E-02 1.19E-02 3.43E-03
Bromoxynil 1.17E-13 1.17E-13 0.00E+00
Cadmium 1.63E-06 8.62E-07 7.68E-07
Cadmium, ion 1.17E-06 1.17E-06 5.42E-16
Calcium 1.29E-01 7.77E-02 5.15E-02
Calcium, ion 1.01E-01 1.01E-01 4.97E-12
Carbofuran 1.66E-13 1.66E-13 0.00E+00
CFCs, unspecified 4.72E-09 4.72E-09 0.00E+00
Chloride 2.58E+00 2.01E+00 5.79E-01
Chlorpyrifos 1.28E-12 1.28E-12 0.00E+00
Chromate 2.85E-11 2.85E-11 -5.57E-20
Chromium 9.37E-05 5.73E-05 3.65E-05
Chromium Il1 1.28E-05 9.94E-06 2.84E-06
Chromium VI 3.92E-07 2.41E-07 1.51E-07
Chromium, ion 9.77E-06 9.77E-06 -2.61E-14
Cobalt 1.58E-06 1.23E-06 3.55E-07
COD, Chemical Oxygen Demand 2.76E-02 2.21E-02 5.55E-03
Copper 1.07E-05 5.89E-06 4.78E-06
Copper, ion 7.82E-06 7.82E-06 6.96E-15
Cyanazine 1.91E-13 1.91E-13 0.00E+00
Cyanide 4.79E-06 4.79E-06 1.16E-09
Decane 2.09E-06 1.62E-06 4.67E-07
Detergent, oil 6.49E-05 5.14E-05 1.35E-05
Dibenzofuran 1.36E-08 1.06E-08 3.05E-09
Dibenzothiophene 1.15E-08 8.85E-09 2.62E-09
Dicamba 1.13E-12 1.13E-12 0.00E+00
Dimethenamid 2.66E-12 2.66E-12 0.00E+00
Dipropylthiocarbamic acid S-ethyl ester 1.10E-12 1.10E-12 0.00E+00
Disulfoton 6.57E-14 6.57E-14 0.00E+00
Diuron 1.85E-14 1.85E-14 0.00E+00
DOC, Dissolved Organic Carbon 1.37E-11 1.31E-11 5.36E-13
Docosane 7.65E-08 5.94E-08 1.71E-08
Dodecane 3.96E-06 3.07E-06 8.86E-07
Eicosane 1.09E-06 8.45E-07 2.44E-07
Fluorene 2.04E-12 2.04E-12 0.00E+00
Fluorene, 1-methyl- 8.14E-09 6.32E-09 1.82E-09
Fluorenes, alkylated, unspecified 1.30E-07 8.62E-08 4.33E-08
Fluoride 1.12E-03 4.28E-05 1.08E-03
Fluorine 6.60E-08 4.46E-08 2.14E-08
Furan 1.73E-10 1.73E-10 0.00E+00
Glyphosate 2.39E-12 2.39E-12 0.00E+00
Hexadecane 4.32E-06 3.35E-06 9.67E-07
Hexanoic acid 1.50E-05 1.17E-05 3.37E-06
Hydrocarbons, unspecified 1.73E-07 1.73E-07 6.70E-13
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Water emission Total Fores_try WOOd.
operations production
kg/m®

Iron 9.06E-03 6.33E-03 2.73E-03
Lead 3.48E-05 2.55E-05 9.34E-06
Lead-210/kg 7.43E-15 5.77E-15 1.66E-15
Lithium 2.00E-02 1.89E-02 1.10E-03
Lithium, ion 1.50E-02 1.50E-02 -6.38E-11
m-Xylene 2.17E-06 1.68E-06 4.85E-07
Magnesium 4.49E-02 3.49E-02 1.01E-02
Manganese 1.53E-04 1.35E-04 1.79E-05
Mercury 5.35E-08 3.30E-08 2.05E-08
Metallic ions, unspecified 1.31E-08 1.31E-08 8.19E-12
Methane, monochloro-, R-40 2.88E-09 2.23E-09 6.45E-10
Methy| ethyl ketone 5.76E-09 4.47E-09 1.29E-09
Metolachlor 8.80E-12 8.80E-12 0.00E+00
Metribuzin 4.08E-14 4.08E-14 0.00E+00
Molybdenum 1.64E-06 1.28E-06 3.68E-07
n-Hexacosane 4.78E-08 3.71E-08 1.07E-08
Naphthalene 9.81E-07 6.89E-07 2.92E-07
Naphthalene, 2-methyl- 1.13E-06 8.79E-07 2.54E-07
Naphthalenes, alkylated, unspecified 3.66E-08 2.44E-08 1.23E-08
Nickel 1.66E-05 1.21E-05 4.48E-06
Nickel, ion 1.04E-13 1.04E-13 0.00E+00
Nitrate 2.11E-07 2.11E-07 5.87E-14
Nitrate compounds 6.04E-11 5.80E-11 2.36E-12
Nitric acid 1.35E-07 1.30E-07 5.30E-09
Nitrogen, total 1.59E-05 1.57E-05 1.64E-07
0-Cresol 2.06E-06 1.60E-06 4.61E-07
0-Xylene 4.34E-12 4.34E-12 0.00E+00
Octadecane 1.07E-06 8.28E-07 2.39E-07
Qils, unspecified 1.79E-03 1.42E-03 3.69E-04
Organic substances, unspecified 1.03E-07 1.03E-07 -1.99E-16
p-Cresol 2.22E-06 1.72E-06 4.97E-07
p-Xylene 4.34E-12 4.34E-12 0.00E+00
Paraquat 1.78E-13 1.78E-13 0.00E+00
Parathion, methyl 1.35E-13 1.35E-13 0.00E+00
Pendimethalin 9.15E-13 9.15E-13 0.00E+00
Permethrin 8.22E-14 8.22E-14 0.00E+00
Phenanthrene 1.53E-08 1.09E-08 4.41E-09
Phenanthrenes, alkylated, unspecified 1.52E-08 1.01E-08 5.08E-09
Phenol 1.76E-05 1.09E-05 6.69E-06
Phenol, 2,4-dimethyl- 2.00E-06 1.55E-06 4.49E-07
Phenols, unspecified 1.71E-05 1.57E-05 1.39E-06
Phorate 2.54E-14 2.54E-14 0.00E+00
Phosphate 8.26E-04 1.45E-05 8.12E-04
Phosphorus 1.77E-07 1.77E-07 -2.11E-16
Phosphorus compounds, unspecified 4.71E-10 4.71E-10 0.00E+00
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Water emission Total Fores_try WOOd.
operations production
kg/m®

Phosphorus, total 5.71E-06 5.71E-06 0.00E+00
Process solvents, unspecified 1.73E-08 1.73E-08 0.00E+00
Radioactive species, Nuclides, unspecified 3.79E+02 3.70E+02 9.58E+00
Radium-226/kg 2.59E-12 2.01E-12 5.79E-13
Radium-228/kg 1.32E-14 1.03E-14 2.96E-15
Selenium 1.41E-06 1.22E-06 1.88E-07
Silver 1.50E-04 1.16E-04 3.36E-05
Simazine 5.78E-13 5.78E-13 0.00E+00
Sodium 4.10E-01 2.46E-01 1.63E-01
Sodium, ion 3.19E-01 3.19E-01 1.58E-11
Solids, inorganic 3.44E-10 3.31E-10 1.35E-11
Solved solids 1.40E+00 1.40E+00 6.91E-11
Strontium 3.90E-03 3.03E-03 8.73E-04
Styrene 2.28E-11 2.28E-11 0.00E+00
Sulfate 1.05E-02 9.22E-03 1.30E-03
Sulfide 3.37E-05 3.29E-05 7.76E-07
Sulfur 1.90E-04 1.47E-04 4.24E-05
Sulfuric acid 2.18E-08 2.18E-08 -4,.33E-17
Surfactants 2.01E-10 2.01E-10 0.00E+00
Suspended solids, unspecified 1.92E+00 1.17E+00 7.56E-01
Tar 3.41E-12 3.28E-12 1.34E-13
Terbufos 8.68E-13 8.68E-13 0.00E+00
Tetradecane 1.73E-06 1.35E-06 3.88E-07
Thallium 5.37E-07 3.58E-07 1.80E-07
Tin 1.23E-05 8.86E-06 3.49E-06
Titanium 2.18E-05 8.71E-06 1.31E-05
Titanium, ion 1.73E-05 1.73E-05 4.23E-14
TOC, Total Organic Carbon 2.20E-07 2.20E-07 0.00E+00
Toluene 1.13E-04 8.80E-05 2.54E-05
Vanadium 1.94E-06 1.51E-06 4,35E-07
Waste water/m3 1.35E-03 1.35E-03 0.00E+00
Xylene 6.00E-05 4.64E-05 1.36E-05
Yttrium 4.82E-07 3.74E-07 1.08E-07
Zinc 1.00E-04 6.85E-05 3.16E-05
Zinc, ion 2.46E-07 2.46E-07 0.00E+00
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