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Consortium for Research on Renewable Industrial Materials

A non-profit corporation formed by 15 research institutions to conduct cradle to
grave environmental studies of wood uses

This presentation summarizes research released by a consortimeskearch
organizations, mostly universities, known as CORRIM, the Consortium for
Research on Renewable Industrial Materials.

CORRIM was formed to carry out research on the environmental perforroince
wood materials and in particular to update an earlier study compte1&¥8 by the
National Academy of Science that looked primarily at the use ofjgmeindustrial
materials. The organizers of CORRIM recognized the need to ekinelarlier
study to the many other environmental issues that have grown in impcstacee
that time.

The research looks first at tBmvironmental Performance of Materials in
Residential Construction and how wood products perfornrelative to other
materials like steel and concrete.

The approach taken by the study is to measure all the inputs and outputs é&sim for
regeneration or material extraction, through processing and constractido

assess the impacts of different product and process alternatives mmerarital
performance. This required a major data collection and analjsitteft had to

be stratified across regions to characterize regional, spexiesaaer differences.



Yale Executive Courses in Forestry, Markets
for Environmental Services

Main Points:

e Forests can store carbon or pump it into
products

e To understand best options requires life
cycle analysis across many carbon pools

- Each wood use has a different impacts:
displacing fossil intensive building
products has the highest leverage

« The most obvious policy options are
likely counterproductive — be smarter

in what you ask for

Start with conclusions



Carbon in USFS Western Washington Standing
Inventory by Age

250
§
5 200 Max forest carbon
g L L
&)
w 150 7
o
z
2 100 Max sustained growth & carbon removed
£ from atmosphere: pumping carbon into product
§ and substitution storage
= 50
o

- N MO T 0N O N 0O 0O O «~ N OO 9 1L O~ 0O O
- - - ™Y - Y- v - «— N

-

21-30
30+

Age in Decades

Analysis of inventory plots by age in Western Washington.



Need to track the carbon impact across every
stage of processing and use:

LCI/LCA is the acecepted method

°
0
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o EPA is now emphasizing the importance of LCI

= US EISA 2007 sets GHG thresholds for
biofuels requiring LCA

— a Congressional mandate

ISO standards have been established for LCI/LCA
The Principles are accepted by IPPC
EISA requires it for biofuels

CORRIM has collected data for wood uses based on primary surveys of al input
and outputs for every wood processing stage and secondary data on all odfser stag

The USLCI Database (managed by NREL) provides data for all primaterials
including CORRIM data



CORRIM:

Consortium for Research on Renewable Industrial Materials
- a 15 research institution non-profit corporation run by faculty -

e To understand environmental burdens for every
stage of processing and product use.

The study objectives included developing the data to understand environmental
burdens across the life of products. With better data and analysis toaisn

better inform both policy and investors on how to improve on environmental
performance.

The methodology has become known as collecting Life Cycle Inventory dakga (L
and making life cycle assessments of risks (LCA.)

We have put some boundaries on what we cover given limited funding but can
report on the environmental performance measures we developed for the fores
the products produced, how they differ with substitute fuels and products from
resource extraction or management through the process of constructingeaas it
is at this level that all the materials and products arerwiied by the bill of
materials for the house.

We will also cover the environmental performance impacts of building usegtnr
its useful life, maintenance and final disposal or recycling.

Since carbon emissions and carbon storage play such a large roletiy famds
wood products we will track carbon across all pools from forests toraotish
demonstrating the interaction between carbon pools

And, finally we will make some summary observations and identify where
additional research is needed some of which has been funded and some not.



Life Cycle Inventories & Assessment
of Products & Buildings & Biofuels

measures of all the inputs and outputs for every stage of processing
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In order to understand the role of carbon in the forest, or products, or buildings you
must know the inputs and outputs of every stage of processing. CORRIM has
measured all inputs and outputs for structural buildings, and is now working on
biofuels, but does not have data for paper or fiber boards or furniture and interior
components.

The carbon in the sustainable managed forest is by definition edgestgally state
over the life of the forest. But the carbon removed from the foreses in many
ways. If used for its energy value it ceases to be a carbon storeptateksfossil
energy emissions, a permanent offset. If used in buildings it permanesqutigogis
the fossil energy from fossil intensive products similar to using it asldit it still
stores carbon for a long time in products and may at the end of liéeysded, or
reclaimed as a biofuel displacing fossil energy emissions as ikéind filled it
decomposes over time eventually losing much of the carbon stored but not the
prior impact of permanent displacement for fossil emissions.

The interest in Biofuel potentials has raised the profile of litdecthinking as
Energy Independence and Security Act of 2007 requires LCA to determine if
biofuels meet a threshold of less emissions than fossil fuels.



CORRIM’s Research Protocol

» Developed a comprehensive Research Plan - 22
modules

» Research guidelines follow LCI and LCA
international protocol of ISO 14040’s Standards

» Reviewed by International LCI/LCA experts

| -

The LCI methodology to track environmental measures and the LCA process t
assess risks is an internationally accepted method that is covedethbgd
international standards.

Included is the requirement for reviews by independent scientific tsxjpemake
sure the data collection and analysis properly follows the standattast $be
results can be compared to other studies.

Our initial CORRIM report included reviews first on the researelm phen at the
midpoint of the project as we prepared an interim report to test @lir procedures
and lay out a program to respond to noted deficiencies.

The final report was also thoroughly reviewed by independent internatkpeaite



Life Cycle Inventory Analysis
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(Regeneration)

(Transportation)

Raw Material Acquisition
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(Transportation)
Recycle/Waste Management — COPRODUCTS

(Transportation)

Measuring all the inputs to a complex process starting with Fegsbheration, raw
material acquisition or harvesting, and keeping track of every subsetpgno$
processing including transportation while at the same time measlirthg outputs,
both emissions as well as co-produstknown as collecting Life Cycle Inventories or
LCI.

We essentially keep track of the inventory of all inputs and outputs.

In our initial research the ultimate output was a constructed housésouseful life.
This required data for every structural wood product that is used in tloé imtterials
for the house.

If there are co-products like chips for making paper that leaveysitens boundary, they
are assigned their share of environmental burdens.

Keeping track of system boundaries, what comes in and what goes out is key.

Since there are so many different outputs, the process of analyzsegottputs for
their impact on risk to human heath such as from water or air pollutiatiasd ¢ ife
Cycle Assessment, or LCA.

That becomes the bottom line for evaluating environmental performance.

Ignoring boundaries such as looking only at the forest for the carbon iorést f(as
many are doing) is scientifically invalid and ethically dishonest.nESeg there are
practical limits as to how small an impact one can measure anchteeseme areas
with insufficient research that must be acknowledged.



CORRIM:

Consortium for Research on Renewable Industrial Materials
- a 15 research institution non-profit corporation run by faculty -

* Produced LClIs for primary US wood products
for 4 regions

* Life Cycle Assessments for completed
residential buildings by region

* Life Cycle Assessments for wood based biofuels
in process

The study objectives included developing the data to understand environmental
burdens across the life of products. With better data and analysis toaisn

better inform both policy and investors on how to improve on environmental
performance.

The methodology has become known as collecting Life Cycle Inventory dakga (L
and making life cycle assessments of risks (LCA.)

We have put some boundaries on what we cover given limited funding but can
report on the environmental performance measures we developed for the fores
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is at this level that all the materials and products arerwiied by the bill of
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Since carbon emissions and carbon storage play such a large roletiy famds
wood products we will track carbon across all pools from forests toraotish
demonstrating the interaction between carbon pools

And, finally we will make some summary observations and identify where
additional research is needed some of which has been funded and some not.



Manufacturing survey data is collected at the unit process levesaving is
separate from drying so that new unit processes can be plugged in ineekzan
impact of a change in the process without replacing the data foriemrarik
system. This also allows tracking burdens from one unit process to anather s
that the energy for drying stays with the energy for dried productscaptbducts
and does not get mixed with other co-products.

If the mass of all inputs does not closely check with the mass of all ouputsigs
balance issue) additional mill analysis becomes necessary. ingteire content
is not readily measured differences from one stage to the nexdimply reflect
change in moisture content.

All input burdens and emission and product outputs can then by converted to unit
factor estimates i.e., each input needed and output produced per unit of thig prima
product output
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As perhaps the single most useful LCI measure, the total energycitdnic meter of
various wood products demonstrates that manufacturing energy is always don
for dried wood products.

Only for green lumber do transportation and harvesting which includes fores
management begin to approach the level of manufacturing energy.

Once products are dried they have consumed significant energy but much of t
drying energy could be biofuel and hence carbon neutral in that if the biofuel ig
derived from solar energy producing a carbon intake to the forest, whes this i
exported to the mill and burned the carbon that is released offsetsliba taat
was earlier taken in by the forest (the carbon neutrality concept).

The use of resins increases the total energy needed to produce wood with OS
using twice the total energy as plywood. Resins are not easily prodooed fr
biofuels.

linant

B
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Much of the total energy needed to process wood is biofuel from mill résiaich
does not contribute to carbon emissions since the forest carbon is CO2 unederal
any given management rotation. Less than half of the energy used isspdrcha
energy that will likely be fossil intensive creating carbon emissioinsreased use
of biofuels could reduce carbon emissions even more for wood products.

OSB releases substantially more emissions because it usessingsewhich are
not as easily sourced from biofuel.

While the equivalent emissions from steel or concrete will be hagyhendent

upon use, it is relatively easy to compare the impact of a contabtéaoor to the
equivalent of a cubic meter of wood floor used in residential flooring. The carbon
emissions from the concrete floor are as much as 6 time larger degpepdin the
wood materials being used.

The chart only looks at the carbon emissions fronettergy used not including
the carbon stored in the wood prodsct
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The fact that wood products store carbon is indéeenof the energy required to produce products.
Since forest carbon is neutral on any given suakdénrotation, the carbon in the portion of the

that ends up in products extends the carbon storéx forest to storage in products which subsract
from the carbon emissions to produce the produdi® life of the product.

The net carbon impact of using wood products aeban emissions from energy used less the
carbon stored in the product is substantially béttan carbon neutral, a carbon sink, not an

emission. While OSB is more energy intensive, &l more dense and may store more carbon over
the product life. The floor area that could be t¢arded from a cubic meter of wood when compared
to a concrete slab of the same area shows theeteremissions more than 4 times larger than the
processing emissions for wood products even befonsidering the carbon stored in wood products.
Concrete does not store carbon but may absorb lhamaunt of CO2 over its life (not shown). The
wood products store about as much carbon oveiftheflthe house as the concrete floors permanent
emission.

The question of what happens at end of life vani#is whether the product is recycled in product
form, collected as a biofuel for energy, land-filledburned as waste.

The worst case of burning as waste is carbon Heagrshown in the prior charts.

With the higher cost of fossil fuels i.e. highetueof carbon in the future such as expected from a
carbon tax or cap and trade system, most wood pteaill likely be collected for not less than
their energy value. If collected and used as & fdsstitute the chart is essentially unchangeith@s
carbon stored in product is transformed to a peemiadisplacement of coal energy emissions,

noting that wood and coal heating values are simila
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To make sense out of the impact of hundreds of emissions and effluent§) the
measures are grouped into their contribution to life cycle risk assasndicators
(LCA):

senergy use,

global warming potential
eair and water pollution
*solid waste

*Ecosystem impacts have also been considered but not included here Hes@us
are no direct comparisons between renewable materials andiextsamirced
materials.

The analysis is conducted for the end product of interest, in this casdraceals
house. Houses may be constructed with different materials or fromediffe
processes changing the environmental footprint. The product LCls ajletedby
the bill of materials to construct the house and combined with the burdetesicre
by the final construction process.

Other risk indices that are difficult to compare to other matesi@snaterial use
efficiency i.e. resource exhaustion, and ecosystem impacts for thieiehis no
comparability between renewable products and their sources and nonblenewa
products and their sources.
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To compare the impact of alternative choices of materials for hogjsessentative
of different climatic zones, virtual houses were designed to mgienedly specific
building codes.

Minneapolis with its cold climate and high R code compared steel fi@meod in
walls and floors with all other structural assemblies common to boigindes
including vinyl siding, asphalt roof covering on a wood roof frame and a traaliti
concrete basement.

Atlanta with its warm climate and lower R code compared conbteté and

stucco walls to wood stud walls and vinyl siding. A common slab on grade floof

asphalt roof covering on a wood roof frame were used.

and
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Comparing the resource use from replacing a wood frame structure stéhla
frame structure essentially eliminates 6 tons of wood fiber, beingcegblwith 6
tons of iron ore and another couple tons of scrap and other energy intensive
resources.

While substituting steel frame for wood frame sounds like a high &dvel
substitution, only 6 to 8% of the mass of the house is changed with over 90% of the
materials common to both designs.

16



Nevertheless the impact on several of the Life Cycle Assessnuécdtors are 3
and more times larger.

*The steel frame energy use is 17% greater than for the wood house,
*The GWP (carbon eq. emissions) is 26% greater,
*Air emissions are 14% greater,

*With cyanide the worst pollutant from the steel framed house, by usihg EP
criteria the water emissions are 312% greater from thefsd@edd house than
phenol, the worst pollutant from the wood house.

*Solid waste is 1% better from the steel framed house sincesima@e cut to
length components with less waste than wood frame built on site.
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The impacts for the concrete block wall structure are similagriergy carbon and
air emissions.

*The concrete frame energy use is 16% greater than the wood wad| fra

*The GWP (carbon eq. emissions) is 31% greater, reflecting thetiwiphe
calcification process in concrete as well as fossil energy ingensit

*Air emissions are 23% greater,
*Water emissions are insignificantly different.

*Solid waste is 51% greater in the concrete framed house resuottimdfock
breakage and material excess.
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But these comparisons based on energy used in construction ignore the carbon
stored in the wood products.

Including the carbon stored in wood products offsets much of the energy from other
fossil energy intensive products resulting in:

Including the products carbon increases the GWP emissions from 26% to 120%
more for the steel framed house than wood frame,

And, from 31% to 156% for the concrete wall house compared to wood frame.

Using more wood in other applications than the structural frame and using le
concrete such as the basement would likely result in negative carb@ioaimis
from the constructed house making the house a carbon sink instead of a source.

19



Different construction materials have different GWP.
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By adding the carbon stored in wood products for the life of the house to the
displacement of fossil emissions from the avoided use of fossil intemsine/ood
products there is substantially greater benefit of wood supports the prodafction
products other than for fossil fuels. 1 tonne of dry wood can substitute for 5 tonnes
of CO2 from cement framing compared to only about 1 tonne of CO2 from
displacing natural gas. The highest leverage shown is for an Engiveaod |-

joist substituting for a steel floor joist at over 8:1. Steel walls are not nearly as
inefficient although will require extra insulation in exterior waghiplications.

Displacement is sensitive to the use of the materials such thatfgemany
alternatives and the attractiveness of alternatives will chamtieeaifferences in
carbon emissions are reflected in the carbon value of the application.

21



The substitution will be greatest where there is the most direetcespent of wood
for steel joists
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The Tacoma Dome is a good example of using wood instead of more steel &
concrete
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There are really no limits on potential design even from reclainexai.
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For the first stage of processing, tracking carbon (and greenhousmiga®es) as
but one important LCI measure is easily done in the forest for tastfocarbon pool
by using growth models calibrated by empirical inventory data.

Short rotations clearly store less carbon in the forest but more qeigbdyt carbon
out of the forest to other product or fuel uses. The disturbance from hagvaisid
accelerates some decomposition of newly dead material.

Long rotations with several thinnings clearly store more carbon ifotest and it
is known (but not shown here) that they provide more of the habitat currently in
shortest supply as they more closely emulate old forest structures.

This is but one of the many carbon pools that must be tracked to determivet the
impact of any action in the forest on carbon emissions.

Both of the illustrated rotations are considered sustainable when rdaaagess a
uniform distribution of ages producing a sustainable harvest with the avezade
line for carbon or volume across an individual acre reflecting theeséaierage
across all acres.
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Different ecosystems have the potential to store different amouo#shain in the
forest. This compares a Pacific Northwest Douglas-fir foresstughern pine
forest.
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Typical pattern of a forest accumulating carbon.
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Typical pattern of a forest being harvest and subsequently storimgnca
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Adding durable wood products significantly increase the total carbon from the
forest.
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Intermediate harvests can also influence the pattern of carbon stdoeest and
products.
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The chart illustrates all forest carbon pools for a 45 year sustaimaivigged
harvest rotation in the northwest (the green stacks). At harvesirtdst fesiduals
are left behind and decomposes almost completely by the next hanegskagk
stack at the bottom).

The short lived products (chips for paper and residuals for fiber compasites)
assumed in the illustration to decompose quickly (the orange stack on top of black)

The long lived products (shown in brown) last 80 years, the average liteoofa,
and then are shown as being burned. Recycling and land fill alternaives ¢
replace much of the carbon lost at end of product life lasting much Ibogever
some houses will be discarded before and after the average hiatessmoothing
out the impact over time.

The emissions in the energy to produce the products are shown below the horizontal
axis including both harvesting in pink (very small) and emissions fronggnse
in maroon growing with each rotation.

The hogfuel used primarily for drying displaces some natural gasviudl
otherwise be required, shown in yellow above the long lived products displacing
some of the emissions from the total energy requirement.

The wood products substitute for fossil intensive products (modeled as a wood wall
framed house substituting for a concrete walled house - top gray stack).
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Examining a single stand, although instructive, does not show the largeepike
examining multiple stands shows. The above example shows two different
scenarios for 32 stands in Western Washington. The left scenar® flamast
harvest to only 5 stands, with harvest limited to the first decade of thareceOn
the right 30 of the stands are actively managed (2 stands are in resetvest
harvested) producing less carbon in the forest, but similar total carbonnsumbe
when comparing to limited harvesting. The considerable impact is when
substitution is included, because of the substantial saving in energy defguire
production of alternative materials for construction.
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Returning to a single stand for a minute...this chart compares carbonfandsie
under no management, short rotation forest management with and without forest
products, and a bioenergy scenario.
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Counter productive policy concerns:

1. Measuring only forest carbon, as many carbon exchanges have done, plengthesning rotation
even though the carbon storage capacity is limited by the land/;gacapacity. Longer rotations

preempt the opportunity to increase the rate at which forest carbemased from the atmosphere for

storage in products and used as an offset to fossil emission intensiventletmatruction materials.

2. Creating incentives for ethanol production will bid up the cost of feedstottisut considering their|
highest and best use for carbon mitigation. In other words, incentivizingoéghraduction will outbid
the feedstocks for producers that have a larger carbon reduction pdtentihat of ethanol.

3. Requiring renewable energy standards for utilities fragmensug@y of biofuel feedstocks thus
preempting opportunities for large scale facilities with faatgr efficiency potentials.

4. Using a cap and trade system that treats carbon like a polldtantitis an integral (and necessary
component of all living systems fails to recognize the connectednéss cdrbon cycle to the oxygen
cycle to the nitrogen cycle and others. Relying on cap and tradeeffscaéent carbon mitigation
strategy is doomed to inefficiency and ultimately failure bec#usmits trades across most carbon
pools.

5. Mandating regional or national cap and trade systems cannot prevenosiglomestic energy from
being undermined by cheaper embedded fossil energy intensive imports.

Achieving carbon mitigation objectives will require a much more careful agit of science than the
current policy focus on cap and trade can handle. Exposing the myths and errors of omissions &
LCI/LCA can do is but a first step by identifying what NOT to do.

N—r
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Future carbon price increases or fossil fuel price increaseshaitige the

economics of collecting low quality residuals and thinnings. It willfpagollect

forest residuals and waste, replacing the decomposition of dead wood pool with an
increasing trend in biofuel displacement.

This will increase the slope of the forest plus products carbon pool.

Recollecting waste for its energy value will extend the carbenrifvood products
producing another increase in the slope of the forest plus products pool.

It will also pay to use more wood in construction wherever the fossil ibtensi
substitute products is high. This will increase the slope of the suiostitrgnd.
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Higher fossil fuel prices or carbon values will motivate the catiaabf forest
residuals for at least their fuel value reducing forest decomposéahd also the
collection of short and long lived products into permanent biofuel displacement of
fossil energy, increasing the slope of the forest plus product carbon grublitre.

It will motivate greater use of wood where the fossil intensitybsstutes is
highest, increasing the slope of substitution.
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The potential to produce more bioenergy and displace fossil fuels is sulbstantia
Recently collected data in Eastern Washington shows that the skesingrimally
burned in the woods if collected and ground for their energy value increase the
volume of harvested material delivered to mills by 50%. This would be 3 times the
15% now going to hogfuel as an increased energy source.
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While biofuel LCI/LCA will help to fill gaps, in the use of forest hsals,

thinnings, avoiding fires, growing biomass faster on short rotation crops and bes
processing alternatives in terms of displacing carbon, there lhraaty gaps in
research.

Such as:

Carbon tracking charts for all regions and major species includingshardveld

growth and the impact of log allocation to paper markets. We have tirarts
harvesting Canadian Old Growth and have deliviered a report that should become
available

LCI/LCA for furniture and interior products substituting for steésg, plastic, and
aluminum. These more direct substitutions can have higher leveragesidential
framing alternatives.

LCI/LCA for wood decks, pallets and their substitutes and new product hyikeds
concrete impregnated panels.

More comprehensive coverage of alternatives would include custom designs f
large wood structures to displace massive concrete structures shehirasoma
Dome and Munich stadium, again a more direct form of substitution.

Customizing designs showing how residential housing can be a carbon simd for t
life of the house and beyond.
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A $50/ton forest carbon credit ($14/tonCO2) will be exceeded by carbon market
(not voluntary markets) such that the forestry return is equivalent ®Bkdrom
sustainable timber market returns. Prices or credits matter.

Applying the credit to one pool will produce the wrong result. It is impass$ibl
apply credits to all the carbon pools that exist and expect the soltonulate
efficient markets.

The best minds working on carbon credit protocols are not even close to a workabl
and productive solution but already requires pages and pages of rules anizexpens
measurements.

Atax on fossil extraction would be allocated by the market effigieanttl could be
tax neutral by offsetting tax increases.

A carbon cap will increase energy prices like a tax but with disruptisaomic
impacts.

Both a tax and a cap will encourage imports of fossil intensive produtis a
border unless adopted globally, a major policy problem.

The Kyoto carbon tracking principles require accounting for the carbonsiresh
concrete and fossil intensive uses in their respective data unlinked to wood
products. Decoupling the critical link of substitution makes it impossible ttifge
the integrated impact using country specific reported data.
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Counter productive policy concerns:

1. Measuring only forest carbon, as many carbon exchanges have done, plengthesning rotation
even though the carbon storage capacity is limited by the land/;gacapacity. Longer rotations

preempt the opportunity to increase the rate at which forest carbemased from the atmosphere for

storage in products and used as an offset to fossil emission intensiventletmatruction materials.
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