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Executive Summary

Biocharhasthe potentialto make significant economic and ecological impacthe Pacific Northwest

and other parts of the countnNorthwest companies are actively engaged in developing commercial
scale opportunities in biochaExamples include BioLiogl Carbon, Sunmark Environmental, Freer
Organics, Biochar Supreme, Walking Point Farms, and offfeqieatsterm nationalmarketpotential is
estimated at morghan $5billion dollarswithin the agriculture, horticulturegnvironmental
remediation,and stormwater filtration sectorsCurrent market value of biochar is abd#00,000 on an
annual basis in the regioRrices for raw biochar are highly variable, reported costs ranged from $90 to
as high as $600 per yard.

Biochar has a number of commerciaks in the Pacific Northwestcluding expanding use in
horticulture and agricultureSome ommercialuses includebiochar as part of a soil blend airda prill
or pril-ike formas a fertilizer supplement. Biochar is also used commerciafigfraion media to
removepollutants from stormwater and wastewater.

Lke any mw industry,the biocharindustryfaces sveral barriersTheseinclude, lack of policy incentives

for biochar uselack of product standardizationnancompleteunderstanding of endiser customer

needs, as well as a lack of demonstration projetltese barriers hamper market demand for biochar
currently.During the December Imeeting in Salem, Oregon biochar stakeholdetedt hat “ mar ket
c r e a tepresentdthe main challenge for the emerging biochar sector (54% of survey respondents).

Public and private sectoesources are needed to overcome current market barriers for biodree.
most pressing include

1. Policyprioritiesthat can be shared with USDAeeted officials
2. Marketing collateral for different market segments

3. Customer and endiser needs assessment

4. Funding for demonstration projects

5. Collaborators and strategic partnerships

The strategic objective is to attract more private and public resourcasloesscurrent market
hurdles.To achieve that objectivdt, is suggestedhat industry stakeholderform a committee of NW
Biochar Working Groum develop an action plarhis ation plan would describe the steps necessary
to garner more resources to proptiie biochar industry forwardlhe action plarcould befashioned
around the key priorities identified during the NW Biochar Working Group measidgscribed in this
document.

The biochar communitilas numerous opportunities for collective actithrat could form the basis of a
robustaction plan.Regional ®keholders should also highlight the environmental andgogation

potential of biochar productsparticularly whatit could mean for rural area® engender more support
with elected officialsTo growa robust biochasector in the Pacific Northwegtublicand private
investments are needed to help realize the environmental and economic development benefits of the
emerging biochar industry.



1.0 Introduction and Overview

For the last threg/ears, the Northwest Biochar Working Group and its stakeholders have been working
to advance the biochar industry in the Pacific Northwest.December 11.of 2014, the alvolunteer
working group met in Salem, Oregon to discuss market barrids®tharcommercializationThe

meeting covered a wide range of topics, from product labeling, regulatory challenges, policy, and near
term options for collective action to propel theduastry forward.

This document summarizathe key pointof the meeting and articulatea strategy ¢ supportthe
development ofarobust biochar industry in the Pacific NorthweSheNorthwest (NWiochar sector
representsa diverse group, includingusness owners, entrepreneurpublic agencies (State & Federal),
researchers, and community leadefis paper providebiochar stakeholderand otherswith a clear
and concise description of the opportunities for collective action that will support tlveldement of
commercial scale biochar enterprises in the Northwaasd beyond

Given the limited scope of this papérfocusson strategies to propel the NW Biochar industry.
Although hochar technology and researeine important to the development dhe industry, they are
not acentral focus of this papeihe document dogsrovide some useful references if readers wish to
gather more informatiof?on other biochar topics.

1.1 Working group priorities:meeting participant surveys

In 2012, the Northwst Biochar Working Group met in Olympia, Washing#ttendees at this meeting
were asked a series of questions on a range of topieese same questions wepesed to the30

attendees of the Salem, Oregon meeting in 200H4e full data set can be found e NWBiochar

Working Group web pageThe data illustrate that market development represents a key challenge to
future growth.In 2012, 43% of respondentotedt hat “ mar ket <creation for
challenge for the emerging industry whilé% of respondents said the same in 2014 (Figure 1).

2012

Financial
24%

Market creation for
biochar
43%

Palicy
9%

Research
24%

1WA Ecology 201 Pyrolysis technologiesitp://www.biochar-international.org/biocharwashingtonstate
2Waste to Wisdom project (2015) biochar, briquettes, and torrefied wood technology:
http://www.schatzlab.org/news/tag/torrefaction/

3NW Biochar Working Group : http://nwbiochar.org/



2014

Financial
25%

Market creation for
biochar

Policy 54%

Research

13%

Figure 1. 2012 & 2014 meeting attendee responses to the question, “What type of
support is needed to propel the biochar industry in the Pacific Northwest?”

The 2014 survesesponses are, in part, due to the stated topic for the meetimghich wasbiochar

markets anccommercializatioropportunities Therefore the number of responsés“ mar ket cr eat i
maybe (in part)a reflection of the iterests of those who attended thigiochar meetingThat said, the

need for*marketc r e a foi bimehdr remains &eytheme forthe NW biochar community

12CNRPY a2 KI 0G0 Aada AléK G2 G2KSNB OFy L odz AlGKE

In theformative years othe NW Biochar Working Group (201%0 areas of concerexisted Frst,
respondents notech lack ofpubliceducation and awareness about bioch8econd, they voiced
concern aboubiochar supply shortages andaxk of materialCurrently these issues aref lesser in
importance than irpastyears For examp#, inthe biochar stormwater/wastewatetiltration segment—
someprofessional engineers and others arew aware of biochamndits potential asaless expensive
alternative to granulated activated carbo@ne member of the NW Biochar Working Graupo
attended a recenstormwater conference saidThe questiorirom stormwater engineers no longer
WgKEG Aa ( KARe questid QdadWNI QI SdzIKBO NR | 62dzi AG0"LYyR LQY
There are numerous projects underway across the Paddithwest on biochar and stormwater
filtration. Examples includ&avo projects in Washington State, specificalig Port Townsentiproject
(which involved BioLogical Carboesearchers at Oregon State Universityd other3g and the Port of
Tacoma (whichinvolvedBiochar SupremefEngineering firms, municipalities, and other customers in
the stormwatermarket arebeginning to understantiiocharandi t ' s pot ent i al

In agriculture humerouseducationandawareness efforts are underwalyor examplein 2014, a major
farming publicatior(the Capital Pressewspape) ran afront page article on biochér

4 http://www .ptleader.com/news/papemill-biocharmay-help-ilter-port-water/article_3b8e78f6858311e48e37eb4b861b936b.html
5 http://portoftacoma.com/newsreleases/20141 1-19/innovativetreatment-systemexceedswater-quality-rules
6 Capital Press: Bringing up biachttp://www.capitalpress.com/apps/pbcs.dll/article? AID=/20140206/ARTICLE/140209932
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The West's Website

Capital Al;ress

X Bringing up biochar

The coverageeflects a general awareness of biochar in the agricultural commutityweverb i oc har
value proposition for individual farmeremains an obstacle to broad adoptioBi ven bi ethar’

is not clear if it offers enough benefit to the farmer to warrant bresxhle useFor the home gardener
retail level consumer, publiawareness lagand additional communication is requirgd inform
customers about the potential benefits of biochar.

Biochar supplyor lack thereof, represestanother important element of the supply chain that has
improved in recent year$ublic and private entities have invested signifioanotk and researcimto

the development omobile or semimobile pyrolysis unitdNumerous examples in Washington, Oregon,
Idaho, and other western regions reflect those effofs.

Recently, aelatively new source of biochar hlaeen utilized irthe market place, namelyiocharmade
from the co-products ofco-generation andyasificatio”®. Regional biochar producers haskownthat
some of these cgroducts contairbiochar that can betilizedif processed correctlyThis development
has increased supplies of biochar #afalie in the narketplace.

Additionally, improved methods of burning forest slash and other biomass residedming testet.
These methods couldad tomore economicakourcesof biochat particularlyin remote forest
locationsThi s ki nd bad fo cslalsoplowdmgnare peoplewith hands on experience wit
the material, and contribute® public awareness of biochar

In summary, the recent past was characterized by procurement and cost challenges in the biochar
supply chain. Currently, thadustry is experimentingiith newapproaches and new techniquésat are
ameliorating the supply challenges.

Industry players hold a variety opinions abouthe production of biocharSome believe that the
highest quality biochar can only be made piaolysis techniquées, for certain product applications (for
example home garden#at could be the caséthersbelieve that other processes may produce chars

7 WA DNR: http://www.dnr.wa.gov/ResearchScience/News/Pages/2014 09 19 biomass_ma.aspx

8 BioLogical Carbon: OSU Terra Magazine http://oregonstate.edu/terra/2013/i€lEgmt-matrix/
9 Biochar Solutions: http://www.biocharsolutions.com/
10Phoenix Energy: http://www.phoenixenergy.net/

1n Learning to Burn and Make Biochar, Not Smoke. Kelpie Wilson. Tree Care Industry Magazine. February 2014.
http://tcia.org/news/publications/td-magazinefebruary-now-availableO

12 Backyard Biochar.net: http://www.backyardbiochar.net/

13 Washington State University Extension: cru.cahe.wsu.edu/CEPublications/FS147E/FS147E.pdf
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that are more suitable to other applications, suchssmmwater filtration and environmental

remediationOr gani zations | i ke the Ipnotessrneuad i wimhean iBti ocdhme
to biochar productioff. TheNW Biochar Working Group stakeholders may wish to clarify their own

views aboutgasificatiorico-gererationbiocharas well as biochar generated from improved pile burning
techniquesin the near future

1.3 Breakout groups

During the2014 Salem meetingarticipants were separated iatfive groups, representing various
biocharsegmentsThe five groups werg) soil anendments, 2)dnd remediation, 3)
stormwater/wastewater, 4) policyand5) researchEach group was asked tespond tothree
guestions.Thequestions were:

a) What are the key market barriers for development of a NW biochar industry?

b) What are the resourceneeded to achieve this godf?g. grants, financing, business planning,
demaonstrationprojects, others?

c) What are the opportunities to advance the collective impact of the NW Biochar Working Group?

The following sections provide a description of information that resuftech the breakout sessions
This information forms the foundation afregional commercializatiastrategy.

2.0 Northwest Biochar Industry Status

Biochar is being used in a varietfyapplications across the Pacific Northwest and Califo8daeend
usersblendit with compost and other soil medi8iochar is also usetk astormwater/wastewater
filtration product.

The Internatbnal Biochar Initiative in thefiState of the Biochavlarket” r é°pestimated the global
market for biochamt 800 tons, with an estimatednnualmarket value of $1 million dollars

An informal survey of Pacific Northwest biochar companies indicates that the current bioehketin
the regionisworth approximately$400,000 per yearPrices for biochavary considerably andeported
costs ranged from $90 tahigh of $600 per yard.

2.1 Biochar use in the Pacific Northwest

The NW Biochar Working Group web p&gentainsinformation on biochaenterprises in the Pacific
Northwest According to the sitegpproximately 2usinesses andrganizationsare activeacross the
Pacifc Northwest and beyond (Tablg. 1

They consist oéompanieghat manufactue biocharkilns (like Best Biochar Kiln, Carb@ultures) to
those that use biochar as part of their soil or agricultural products (Walking Point, Freer Organics).
Others use biochar as a filtration media (BioLogical Carbon, Sunmark EnvironBerdhahr Supren)e

However, the volunteers that managdiee Northwest Biochar Working Growpebsite(T.R. Miles
Technical Consultarit3, are in need of resources further refine this list and provide more detailed

141BI FAQ: http://www.biochamternational.org/standardsFAQ

15 State of the Biochar Market. IBI: http://www.biochanternational.org/commercialization
16 Biochar Producers Map: http://nwbiochar.org/

7 TR Miles Technical Consultants http://www.trmiles.com/



information on site listingsParticularly segmentatiorof listed organizations into variousitegories—
such as biochar suppliers, production and technology providers, biochar blending companies, those that
use biochar for specialtyitration products and biochar information providers

Table 1. Biochar companies listed on the Northwest Biochar Working group web site.

Companies Location
Best Biochar Kiln ID
Char King ID
Freer Organics ID
IdaChar ID
Rugged Biochar ID
Algae AqugCulture Technology MT
Montana Biochar Products LLC MT
Real Montana Charcoal MT
Biochar Products OR
BioLogical Carbon, LLC OR
International Tech Corp OR
Permamatrix, Sunmark Environmental OR
Sunriver Biochar OR
Biochar Farms WA
Biochar Supreme WA
Carbon Cultures WA
EcotracOrganics WA
Pacific Northwest Biochar WA
Miller Soils LLC CO& WA
PacificBiochar CA

2.2 BiocharCompany Highlights

Regional companies have developed a wide array of vadigled products using biocha&company
examplednclude BioLogic&arbon, Sunmark Environmental, Freer Organics, Walking Point Farms, and
Biochar Suprem@ description of each organization can berfdun Appendix 1Company
representativegrovideda briefnarrative foreach business

2.3 Biochar Market Opportunities

An estimate of the nationaharket potential of biochar cabe obtained by aggregatirthe various
market segmergin which biochar could realistically gain market shdteese markets include

Agriculture

Compost

Commercial horticulture

Home gardening
Stormwater/Wastewater filtration
Environmental remediation

ook wNRE



In summary, acrss allof these market segments biochanarket potential is significantotally over $52

billion dollars(Table 2)The process utilized to arrive at this initial figure was through the use of publicly
available data—such as USDA Agricultural Statistics and atberces of informationThis data was
quantified to determine the total value of individual market segments, where research and field trials
indicate biochar has commertipotential. We focused on aubset of values to deslop the numbers in

Table 2Forexample, the total value of all agricultural crops in the United States is $198 billion dollars
annually The organic agriculture markéikely) presents the greatestearterm potential market for
biochar.This is due to a number &dctors, including th marketingvalue of biochar as a carben
reductivesoil amendment, the high price premiums that exist within the organic market, high price for
organic soil nutrients and amendments, and the fact that many organic producers could be classified as
“eaadd yt er s who ar e wi | landapgproachefGray2pl5peesw t echnol ogi
communication) Therefore, for purposes of this work we only mentimganic crop value ($26 billion)

which is a component of the broader agricultural market.

We repeaedthis same approacfor the other market segment$:or example, based on surveys of
industrial filtrationcustomersn Oregon and Washington conducted by Oregon State Univésgity
Appendix 2 for more detailsyan estimated $30 million dollars is spent onaamual basis on
stormwater filtration systemén the region.Ofthat amount an estimated $4.5 million ispent on
filtration media.We therefore reference the stormwater media value in this analysis.

Certainly, for agriculture markets broadly ($198 billionstmrmwater filtrationmedia and system$80
million) the market potential is larger than the numbers reporteste (Table 2However, the goal of
this analysigs to organize these opportities on a more meaningful arréfined scaleWetherefore
estimate national market potential of biochar to B&2 billion dollars per yeandselected10% of that
valueto estimate neasterm potertial, or $5.2 billion dollars. It should be noted that sometf

categories in Table 2 could overlap, for exampl e
billion dollars.The retail gardening potting mixes and soil conditioners (worth an estimated $657
million) could be cowlstidred raode rgfiread enalysid of dadh efthésk or t i

segments and subegments would be needed before arriving at an exact figdosvever, for purposes
of this analysis we are reporting them separately.

Table 2. National value of various market segments that have near-term biochar potential.

Sector Total Value (S) 10% market share value ($) Source
Agriculture—organic crops $26 billion $2.6billion USDA Ag statistics
Compost $600 million $60 million US Composting Council
Horticulture $11.7billion $1.1 billion USDA Ag statistics
Potting mixes & soil conditioners ~ $657 million $65.7million Kise (2013)

Stormwater nationally $5.0 billion $500 million US EPA

Stormwater media OR & WA $4.5 million $450 thousand osu

Stormwater City oPortland $101 million $10.1 million osu

Environmental Remediation $8 hillion $800 million EBI

Total $52billion $5.2billion

Detailed marketsectordescriptionscan be found in Appendix Zhe followingsummarize keyaspects
of these markets



Agriculture: the organic agriculture market presents near-term potential for biochar. U.S. sales
of organic food and beverages grew from $1 billion in 1990 to $26.7 billion in 2010. Biochar & a
carbonreductive soil amendmentyhich appeals to organegricultural producergOrganic agriculture
also commandgigher price premiums for their productén addition,many organic producersre
“ e aa d o p tofenewsptoduction techniquekike those involving biochaBiospecifi®is one example
of a company that currently sells biochar products into northwest organic aggniabimarket Walking
Point Farms via an Oregon Best biochar commercialization grant is also looking at biochar for
agricultural and other applicatiots

Compost: Biochar can reduce nitrogen leaching and overall nitrogen losses during composting
— yielding a more nutrient-rich product. Annual revenue of the top composting companies in the U.S.
toppedapproximately $600 million in 201Biochar and compost carelused in combination to
enhance overall product values.

Commercial Horticulture: Research has shown that tree seedling plant mixes amended with
biochar show enhanced resistance to common fungal pathogens?° such aPhytophthorathat can form
in many nurseies.A recent article states that biochaftsohas potential as a lowost option for tree
seedling growing medig$or example perlite and peat mos8iocharalsodecreass nutrient leaching
lossesin seedlings Nlemati et.al 2015}. The horticulturaimarket in the U.S. was worth an estimated
$11.7 billion dollars in 2009

Consumer Horticulture/Garden Markets are another market opportunity for biochar. The
appeal of biochar for this sector are similar to the organic agriculture markehe gardenersie
biochar as a carbereductive material that can add organic netto soil and enhance plant
productivity (with proper blendingPotting soil media as well as fertilizers and soil conditiometse
consumer level horticulturenarketare approximatel $657million annualy (Kise 2013).

Stormwater filtration markets: Oregon State University estimates that companies in Oregon
and Washington spend approximately $30 million annually to comply with state pollution benchmarks
for stormwater and wastewater treatment systems. Biochareffectivelyremovesmany of the problem
pollutants (copper, zinc, etc.) that are part of state pollution benchmarkemarket potental for
bi ochar’'s application wi t Rrdustrialdtoenwater seaoo(asa& Was hi ng
filtration media) is estimated &4.5 million annuallyRerry and Seppalainen 201Zhe OSU estimais
probably low since most spending on stormwater control systems and media is dd lojties and
municipalities Forexamplethe City of Portlandhas invested more than $1.01 billion in stormwater
management services and facilitiesrecent yeargPortland, 2013)In fiscal year 2018lone,Portland
spent $101 miion on stormwater management and systeriv&any municipalities ithe northwest have
to comply with Best Management Practices mandated by regulatory agencies (for example the Oregon
Depatment of Environmental Qualitgnd the Washington Department of Ecologyhwever, despite
repeated inquiries by OStl proved difficut to getanystatewide data on humber of implemented BMP

18 BioSpecific http://wearebiospecific.com/

19 Oregon Best: httg/www.agprofessional.com/news/oregobesthelpsbuild-commercialmarketbiochar

20 hitp://lwww.biochar-international.org/node/3861

21 Nemati, R.M., F. SimardPJFortin and J. Beaudoin. 2015. Potential use of biochar in growing rwadiese Zone Journ&bil Science
Society of America.



stormwater practices for NW municipalitie&s a result, the numbers reported here are for NW private
companies only.

On a national basi&JS Environmental Protection Agency (E€5A)mates thestormwater treatment and
management markeis worth betweerthree and six billion dollars annually.

Environmental Remediation: Biochar captures pollutants on mine spoils, oil and gas fields, and
other lands impacted by resource-extraction activities. Studies in Oregon, Colorad$ and Utah have
shown promising results over the last several yeaAcsording to EBI, the US market for environmental
remediation was valued at $8 billion dollars in 2632.

Drought mitigation and water use: The above summary does not incluithe opportunity of
biocharuse in droughistrickenCalifornialn response to recent and ongoing drougtts agriculture
industryincreasinglyemphaszesimprovingthe water holdingcapacity of soilsResearch and field trials
have shown that biochar increases water holding capacity in soils by up to 20% and increases plant
water use efficiency’* 2°. These effects coulceducewater demands for irrigated crops and improseil
water holdingcapacityin marginal dryland agicultural regions

In November of 2014, California passed the Water Quality, Supply and Infrastructtfendath
includes a $7. 4forlinfrasttuétucerprojécts avolkimg stormwater\Bastewater
systems, improvements in water quality management on agricultural lands, and other activities.
Therefore biochar market potential as part of a droughitigation and/or water management strategy
may be worth exploring.

Other market opportunities: there aremany other potential marketfor biochar both regionally
and nationallyOne additional market that has potential in the Pacific Northwest is biomass utilization
on public landsThe US Forest Service and other public agencies (like ODeawhshington
Department of Natural Resources) generate slpids from hazardouwildfire-fuel reduction efforts
and other forest management activities public forest landThe biomass material generated from
these restoration activities generate bi@ss that is oftemiled andburned on sitelmproved forest
slash pile burn techniques can reduce emissions and particulates from fuel reduction pcojagtared
to traditional forms of pile burningThe biochar generated from improved pile burning teciueis has
been shown to improve inputs of forest soil carbon, anehtesother soil benefits(Sacket et. al 2014,
Mitchell et. al 2014)Concerns about air quality emissions and the need terrdtives to pile burning
maycreate new market opportunitiefor biochar on public forestland througmproved pile burning
approaches.

Bi ochar’' s potenti al as a greenhouse (gTosevalopt i gat i o1
carbon offset market revenuir biochar projects carbon protocol (or methamlogy) is requiredA

22Hope mine Colorado: http://www.coloradoindependent.com/98897/heméne-cleanupdemonstratespower-of-biochar

2 EBIhttp://ebionline.org/updates/1828ebj-annuatsurveyand-analysisprovidescomprehensiveassesmentof-usremediationmarkets
241BI soil moisture and biochar research summary http://www.bioehéernational.org/sites/default/files/IBRSs0il%20moistures-Fel
2010.pdf

25Basso et. €012. http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12026/abstract

26 AB 1473 Water bond in California : http://awpw.assembly.ca.gov/waterbond
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biochar carbon offset methodologbis under development by the Prasino Group, the Climate Trust and
the International Biochar Initiative.

A finalmarket opportunity involve®iochar applications in urban ared$he Morton Arboretum ad
Bartlett Tree Experts are using biochar soil amendntétdssnhance soil productivitfor urban trees
(Figure 2)Biochar amendments can also mitigait contaminated soilfThomaset. al2013)a

particular problemn urban areas ofhe Midwest and Ndheast In addition, uban wood resources (tree
trimmings, woody debrisire potential feedstock for biochar.

Figure 2. Applying biochar to an urban tree in Chicago (photo courtesy of Morton Arboretum
and Bartlett Tree Experts)

Slash disposal, biochaarbon offsets, and urban biochar applica@ppear to have market potential
both in the region and nationallyHowever, estimating potential market values for these market
segmens is difficult Hence, they wer@ot included in Table 2.

2.4 Biochar market barriers

Salem meeting participantidentified five central barriershinderingthe development of the biochar
sector in the Pacific Northwestheyinclude

1 Lack of plicyincentives

Lack ofproduct specificationg standardization
Need for highprofile demonstration projects
Lack of mderstanding of end user concerns
Limited market demand

= =4 =4 =4

Policy—many participantstatedthe need forstate and federapolicesto incentivize the use of
biochar.Examplesncludethe US Department of Agriculture via their farm services prognairish are
implemented by theNatural Resource Conservation Ser{ld®CS) and USDA Rural Development
Participants felt thaif tax rebates and other policy incentivesuld be adopted byarm programsit

27 Biochar carbon methodology: http://americancarbonregistry.org/carmeounting/standards
methodologies/methalologyfor-emissionsreductionsfrom-biocharprojects
28 Bartlett biochar brochure: http://www.bartlett.com/resources/PremiutrandscapéiocharBrochure.cfm

10



would create demand for biochawhile also assisting agencies achieve their soil restoration and
conservation objectives.

Product specifications— participants spoke extensively about the need for specifications for a
variety of customeregments. Bchar is a complex material aitd properties vary depending on the
type of feedstocks used to make it as well asnenufacturing procesemperature.That saidbags of
fertilizer have a minimum specification that farmers understaaaginees know the specifications for
activated carbon (pore size, flow rates, et&jpchar products need a similar standardization process for
various market segmentappendix 3 containsome general information on product specifications and
labelling(from the Oregon Department of Agriculture).

Demonstration projects and end-user concerns--Realworld demonstrations are needetb
foster adoption of biochar ikey market segmentd.hese dempstration wouldinform potential end
users about tke costs and bend8 of biochar Demamstrationswould also be useful for policy officials at
the local, state, and national levels to show the potential of biocRaal worlddemonstration projects
can be more effective than other kinds of marketing approaeh&sch as adampaigns or promotional
strategies—because they allow potential customers and end users to experience the results in a real
world context Demonstration pojectsare also most valuabMhen implemented and evaluatday
independent research institutia(swch as a university, or a public agency such as the USDA Agricultural
Research Service).

The biochar industry needs to better understand end-user concerns across various market
segments. Concernsvill vary bymarketsegment.However, biochar stakeholdergeed a more complete
understanding of customer concerr®or farmersconcerns may be nitrate concentrations in
agricultural runoff, water scarcity issues or future regulatiddsrmwater engineer@and municipal
government officialshat run wastewater tratment facilities may be concerned about pollution
benchmarks and complying with new operating permit requirements.

To illustrate this pointduringthe Sweet Home biochar demonstration project in Ore§aproject
proponentsdevelopedmedia blendghat showed capacity to remov@mmonia from wastewateMVhen
this findingwas reportedto the facility engineer at the wastewater treatmeplant,th e engi neer ' s

response was “that’s interesting, howevreurchwemoaree n
inter ested in the tests you've done odlherdasoeis,wvebi | i ty
are |ikely have new standards that we'll need to

Bi ochar’'s abil ity t ovaueopdtherrcestoraecmeagmernitsdlikeccompdsd b e
producersfor examplg however for the wastewater filtration sectesphosphorus was key.

A second example can be found from an 188#cultural journateportingon the benefits of
charcoal (biochar) additions tdanures spread on agricutual c¢crops. “On stiff cl ay
produce an increase of vegetation, b¥Despiteot suf fic
enhanced growth benefits associated with biochddiéions—its costs stifled brad-scale useThe
relatively lowcost of NPK fertilizers has also played a role in restricting biochar in agricultural
applications (Wilson 2014).

29 Sweet Home Oregon biochar demonstration projéttp:/rffi.org/Biomass-ResearcH.ibrary.html
301llinois biochar group, KuBpokas USDA http://biochar.illinois.edu/ibg.shtml
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Market demand—as described in the introduction of this document, marketation for
biochar represents aarea of concern for NW Biochar Working Group stakeholderssources can be
developed to comprehensively address thtder four market barriers (policy, standardization,
demonstration projects, and a more detailed understanding of-asér concernsimarket demand for
biochar will increasever time.Increased demand for biochar wouddsoattract more private sector
investment capital, something that is sorely needed for the industry.

3.0 Resources needed to overcome market barriers

There are numerous opportunities to advance the collective interest@gdinizations involved in biochar
in the Pacific Northwest and around the countfne top five are as follows:

Policyprioritiesthat can be shared with USDélected officials
Marketing collateral for different market segments
Customer and endiser needs assessment

Funding for demonstration projects

Collaborators and strategic partnerships

aprwbdpE

Broadlyspeaking, thendustryalsoneedsbetter communication and outreadools. As mentionedithe
Northwest Biochar Working Growpeb site iscurrentlymanaged on a volunteer basi/ith more
resourcesthe web pageouldbe updated and serve ascéearing house of resources and information to
help achieve the collective interestshibchar stakholders

Policy: creating policy incentives for biochar use particularly under various USDA programs is a top
priority of biochar stakeholders in the Pacific Northwest. Development of policy documents can help
overcome market demand barriers that face the biochar sector.

Resources are needed to articulate several pgiigritiesthat can be usetbo communicateto local,
state, and federal program officialsor example, a policy document that shows how biochar can be
used to enhance wateunse efficiecies (in some cases) when applied to s&itsdicy documentthat
explainhow biochar can help USDA Natural Resource Conservation Service dedérat gencies
meet their objectives araeeded.

Jobs: Biochar, as a new industry, has the potential to create new family-wage jobs. Highlighting
the job creation potential of the biochar industry can help overcome current barriers to growth by
attracting broader support from state and federal elected officials.

State policyn Oregon emphasizgsbs and ecnomicdevelopment, particularlyn rural areasThe
Oregon Department of Forestry has worked to get a budget request for the- 201 Bbienniuminto

the Governor s R e ¢ o mme rnalthe Gtat® legasigtardT his funding request could hesed, in
part, to support early stage business developméstbiomass related compani@scluding those in the
biochar sectorThe ODF initiative is part tfeg o v e r bndyetandthe funds requested are
approximately $11 million dollars.This support is needed to encourag@emassbusiness development
in OregonHowever, in the same budget packabpereis:

12



G >$648.9 millionto Business Oregon to support job creation statewide as well as access to
OFLIAGEE F2NI*aYlff odzaraySaasSas

While $11 million isa significant level of resourceand the efforts of ODF to obtafandsthat support

biomass business development are much appreciastech e number of dol |l ars devot
and small business development is illustrative of statelleviorities.Highlighting what biochar

development can do for job creation, particularly in rural areas will be an important component of any

policy domment that is directed at statéevel policy decision makers.

Highlighting job creation is somethitigat the composting sector has foe on recent year¥. For
example, the “Waste to Wealth Composting” organiz
expand the composting sector in the United States.

Composting Supports Jobs and Healthy Watersheds, Say NewI
ILSR Reports

In addition, pb creation is an areaf focus for the torrefied wood sectofheU.S. Endowment for
Forestry andCommunitiedhighlichtedthet or r e f i e d poterdia forcreating el as
October 2014 repoft:

GXPdlF LINBRAzOG 6 A0GK aA 3yvageNoDdeyhdncelfi@e§tSy G At (G2 ON
health, and provide new green energy prodi¢t.s. Endowment President and CEO Cartlon
Owen)

Torrefied wood isimilar, althougtdistinctly different than biochahowever the commercial challenges
facing both sectorare similarntheir 2014 report U.S. Endowmendentified fourmajor challenges for
developing the torrefied wood industrilamely,

1 conversion and densification technologies
1 raw material supply and logistics,

1 markets and economics, and

9 regulatory/social issues

Theyalso mentioned meedford e monstrati on scale faciities to “v

Customer and end-user needs assessment: The biochar community would benefit from market
and customer surveys that can be used to form a more complete picture of what end-users require in
a product, and the value-proposition for biochar use. This effort would help focus resources on
customer segments of most interest to the private sector, and would help create more market demand
for biochar products.

31 http://www.oregonlive.com/politics/index.ssf/2014/12/john_kitzhaber unveils twea.html

32\Waste to Wealth Composting: supporting jobs and health watersheds. [201-8ilsr.org/paydirt/

33US Endowment usendowmeatg/images/CAWES_Issues_and_Knowledge_Gaps_10.1.14.pdf
34US Endowment http://www.usendowment.org/news/latestnews.html
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As the work by Gegon State University and other research focused organizations have shown
understanding customer and enadser requirements is essential for biochar market developmBastic
researchmay behelpful in determining a potential biochar application, howevemfpplication
“doepeidi | 7 -@iseritwilt rénain @ aortept for the research community rather than a
commercially viable productn addition, biochar can have benefits for particular applications (like
ammonia removal) however if theenefts are not in demand by aend userthen the business case is
not valid.

Marketing collateral that establishes a linkage between public agency program objectives and
biochar use. Establishing these linkages, will help create more demand for biochar.

Factsheets and infographics are a potential first stEpr example, the Electric Power Research Institute
andthe USEPAaunched a “water quality t reeedtlyThipprgecto) ect
has some interesting infographics that suctincy expl ain the potenti al benef
(see infographic on this web padetp://wqt.epri.com/).

Many of the objectives of the project afeoincidentally consistent with what biochar has beencstin

to do at filtering pollutantdrom water andagriculturerun-off. For examplet he EPAX{K & tdsS 27T
fertilizers and pesticides on farms and lawns and increasing stormwater runoff from development

activities, nitrogen and phosphorusollectivelyreferred to as nutrients are a leading source of

pollution in rivers, lakes and estuariéd Communicatindiow biochar can assist EPA and othedédral

agencies with their objectives would be an important activity to develop in the-tezar.

Demonstration projects: Resources are also needed for mbiechardemonstration projectso
that endusers can see biochar benefits in the real wobleimonstration projects help early adopters
and potential customers understand how biochar products can be used in their own businesses and
amplify market demand for biochar.

Thesedemonstrationprojects should bémplemented byindependent research orgarations (like

universities and publiesearchagencies)The pr oj ect s woul d test biochar
customer segments of interest, for example grow trials of biocharasndndments on higivalue

agricultural cops. This kind of demonstration project could alstmowcase biochar benefits tederal

program agency officials (like théSFS anRCS)Otherdemonstration projects could be focused on
stormwater filtration biochar medias, illustrating biochar benefits to stormwater engineers and

municipal government officials.

Collaborative and strategic partnerships: Biochar is a unique materidHowever, thebiochar
industryshares many of the same challengécingother emerging industries-such aghe composting
industry?® and the torrefied wood sectoForming collaborative agreements with these or other
related industries will help the biochar community by sharing lessons learned, discuss strategies for
growth, and overcoming barriers to commercialization. Strategic partnerships with economic
development groups, conservation organizations, or pytticate cooperativescouldmarshal more
support for biochar.

35Bloomberg News: http://www.bna.com/tradirgrogramsseenn17179911763/
36 Biocyle magazine: state of the composting http://www.biocyci#/2014/07/16/state-of-compostingin-the-u-s/
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In October of 2014, the International Biochar Initiative released version 2.0 of their standa¥dized
product definitions for biochadim Ippolitd® of the USDA Agricultural Research Servigaikingon
scientific characterizations of a variaifbiochars fowvarious applicationsvorldwide.His work ideing
conductedunder a European Union Agriculture and Food Research Irétifoused on agriculture,
food curity, and climate change Efforts like thelBl and the USDA mayfer collaboratie or strategic
partnershipopportunities for NW BiochaWorking Group stakeholders interested in standardized
biochar produckfforts andrelated issues.

4.0 Conclusions

The neaiterm strategic objective is to attract more private and public resources/@ycome current
market barriers for biochaiTo achieve that objective, suggestedirst step is to form a committee of
NW Biochar Working Group stakeholders to develop an action plaa.action plan would describe the
steps necessary to garner moresgairces to propel the biochar industry forwaithe action plarcould
be fashioned around the key priorities identified during the NW Biochar Working Group meeting as
described in this document.

As NW Biochar Working Group members have shown throughitieduidual efforts over the last

several years-biochar has enormous potential in the Pacific Northwest and other parts of the country.
Thenearterm market value for this new industry éstimated at more than $billion dollarsnationally.
Northwest compnies are actively engaged in developing commercial scale opportunities in biochar.
Examples include BioLogical Carbon, Sunmark Environmental, Freer Organics,Riparae Walking
Point Farms, and otherStrategies to expand biochar market opportuaegiinclude reaching out to
potential biochar customers in the agriculture, horticulture, and stormwater filtration sectors to collect
more information about their needs and requirements.

Interested members of the biochar community hawemerous opportunities for collective actipn
includingthe development of policdocumentsexplaining biochar potential fatate and federal

programs, devoting resources to develop infographics and other marketing related materials, identifying
grant funding opportunities, as well axploringpublicprivate collaborativesBiocharstakeholders

should also highlight the environmental and jokeation potential of biochaproducts—particularly

what it could mean for rural areas (jobs in the woods, amdl based enterprise developménin order

for biochar togrow into a robust sector in thBacific Northwesand beyondpublic and private

resources are needed to pport and develogheseopportunities

37|BI Standardization 2.0 http://www.biochamternational.org/characterizationstandard
38 Jim Ippolito USDA AR®://www.ars.usda.gov/pandp/people/people.htm?personid=42001
39 EU Joint Program Initiative httpec.europa.eu/research/bioeconomy/policy/coordination/jpi/index_en.htm

15



5.0 Resources cited

Berry, M. and SeppalaingrD.(2014).Market Study: RBichar.Oregon State University Advantage
Acceleratotttp://advantage.oregonstate.edu/advantagacceleratorfor copy of report contact
Matt Delaney: mdelaneyl@centurytel.net

Grabowski, G. (2012)awn and Garden ProduetdJS—May 2012. Technical report, Mintel Oxygen.
Gray, M. (2015Personal communication. Faculty Research Assistant. Oregon State University.
Mintel Oxygen. (2012).awn and Garden Produetd)S—May 2001 Technical report, Mintel Oxygen.

Mitchell, P. J., et aBhifts in microbial community and watektractable organic matter composition
with biochar amendrant in a temperate forest soifoil Biabgy and Biochemistr§l (2015):
244254 http://www.sciencedirect.com/science/article/pii/SO0038071714004039

Portland (2013)Annual compliance report no. 18ity of Portlad, Oregon : Oregon Department of
Environmental Quality

Stormwater Management Market Set for Growth. (2013, 1B8)eTech
http:/www.bluetechresearch.com/report_types_tax/markensightreport/

Spokas, K.A., Cantrell, K.B., Novak, J.M., Archer, D.W., Ippolito, J.A., Collins, H.P., Boateng, A.A., Lima,
I.M., Lamb, M.C., McAloon, A.J., Lentz, O.D., Nichols, K.A. 2012. Biochar: A synthesis of its
agronomic impact beyond carbon sequestration. Jouafi&@nvironmental Quality. 41(4):973
989.

Sackett, TE., et a[2014).Soil and greenhouse gas responses to biochar additibatemperate
hardwood forestGCB Bioenergy
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12211/abstract

Thomas, Sean C., et al. (20Ehchar mitigates negative effects of salt additions on two herbaceous
plant species.Journal of environmental managemeh?9 (2013): 658.
http://www.sciencedirect.com/science/article/pii/S0301479713003861

USDA (2009). 2009 Census of Horticultural Specialties.
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Census_of Horticulture_S
pecialties/

Wood, L. (2013). Research and Markets: Global Greenhouse Horticulture Marke2@IA Rlarket to
grow at CAGR of 10.1 percent over the period 22026.
http://www.hortidaily.com/article/4971/Globalgreenhousehorticulture-marketto-grow-10-
percentbetween20122016

Wilson K(2014). Justus von Liebig and the birth of modern biochiae. Biochar Journal. Arbaz,
Switzerlandwww.biocharjournal.org/en/ct/5

16


http://advantage.oregonstate.edu/advantage-accelerator
http://www.sciencedirect.com/science/article/pii/S0038071714004039
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12211/abstract
http://www.sciencedirect.com/science/article/pii/S0301479713003861
http://www.hortidaily.com/article/4971/Global-greenhouse-horticulture-market-to-grow-10-percent-between-2012-2016
http://www.hortidaily.com/article/4971/Global-greenhouse-horticulture-market-to-grow-10-percent-between-2012-2016
http://www.biochar-journal.org/en/ct/5

Appendix 1. Biochar company profile narratives as provided by individual organizations

BioLogical Carbon is a biochar production and produdevelopmentbusinesdocused on
creating commercial biochaaroduct linesOwned by John MiedemaioLogical Carbdiocuses on the
development ofbiochar media and biochar systetwsremove pollutants from stormwaten the Pacific
Northwest In addition they are pioneering mpr oved techni ques for filtrat.
totes” for <captur i ndphnsliadémats b leaaing expgrt insthie davetopraent efr .
innovative biochar products, with expertise about biochar chemical qualities, biochar production
method<?, and providing customized biochar blends for various market segments (particularly pollution
filtration medias) For more information seevww.linkedin.com/pub/johrnmiedema/8/93/a32

R
W

‘ WM_“‘

BioLogical
CARBON

o

o
-

BioLogical Carbon patent pending stormwater tote.

400SU Terra Magazine: http://oregonstate.edu/terra/2013/10/alegantmatrix/
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Freer Organics: Idahobased Freer Organics udgschar as part of a soil blendsing a
fermenting process called “Bokashi” they recycle
Idahg creating microorganisms, enzymes, and specialized organic fertillzesi.business focuses
primarily on pilot programs and sustainable iatives in Boise city parks, schools, agriculture,
residential, commercial, and urban gardens. They have found that biochar creates a favorable carrier
material to help improve their soil and organic garden amendméhts.oc har i s “soaked” o
with microbes, enzymes, and other organic & chemical compounds which are in turn applied to soils to
sustain biological living organisms for the long teRreer Organics has found that biochar can extend
the efficacy of their soil amendment products and reduhe need for commercial fertilizer inputs,
which creates value for their customeBy stabilizing important microbial populations in their
amendments, biochar helps create healthy soil aggregates which in turn holds water for longer periods
of time (hdping with plant germination)-or Freer Organics, biochar is a useful delivery mechanism to
add carbon and other organic material to soils, in addition to providing a structure for enhanced
microbial populations in soil productSor more information seéittp://freerorganics.com/

Walking Point Farms is a certified Service Disabled Veteran Owned Small Business operating out
of Tigard, Oregon. Walking Point Farms specializes in the development of biochar based seed coatings
(prills)and soil amendments with a focus on sustainable natural resautiltzation, providing viable
retail offsets against global climate change, and ultimately building better soils for generations to come.
Research into the efficacy of biochar in new applications continues as Walking Point Farms looks to add
new productsmn addition to its existing line of P#elll t ' ™ bi ochar soil amendment
custom blended fertilizergzor more information seenttp://walkingpointfarms.com/

A

" wor WALKINGPOINT

o WPE RS, LLE
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Sunmark Environmental: SunmarkEnvironmental via theiPermaMatrix BSproductalso
produces aiocharbasedparticlizedproduct The Oregon based company uses these products for a
variety of applicationsand industries. Their produshowsimproved plant yield from sports turf,
agriculture and rangeland reclamatiom addition this biochar based product is restoring carbon to soils
while reducing nitrate leaching into rivers and streaB®char is blended with other organic materials
to create a product that can increase the suability of vegetation, restore soil microbial function, and
facilitate bioremediation of contaminated soilSunmark also uses another biochar based product
call edLi“tEea’r ttho f i |l t er p &drnardirdomtatiorsdfe:r om wast ewat er .
www.permamatrixbsp.conand www.earth-lite.com

@ Q PermaMatrix® BSP

SUNMAB,K
MEARtHL e

" STORMWATER FILTER MEDIA

Biochar Supreme, LLC, is mational andinternational provider of numerous, professiorgtiade,
Active Biochaproducts.As one of the few producers that can customize biochar properties with
proprietary processing, Biochar Supreme, offers a variety of solutions to Nursery and Soil Mixing
Professionals, Farms and Orchards, and Growers of Organic Eoopise garén enthusiasts Biochar
Supremeretail products, are marketed under the Black Owl Biochar label and can be found at garden
centers and from local wholesalers. Biochar Supremealsasbeen making products for use in
Environmental remediation projects to methe critical criteria of the Stormwater and/ater Pollution
Remediation industrieBiochar Supreme has unique properties and high sorption of common
pollutants, from metals to hydrocarbons, and has been utilized at large scale, high profile projbets at
Ports of Tacoma, Seattle and Port Angeles, and even larger projectsatl@inet the criteria for EPA
permit approval of Industrial Sites, as well as injection into fracking locations where pollutants are a
hazard Professional Environmental Producémge from use equivalency of some formd$ ofvdered
Activated CarbonRAQ and otherGranulated Activated CarboGAQ at a fraction of the cost-or more
information seewww.BiocharSupreme.cowr call 3668927-9974

=(3
BIQOCHAR

SUPREME.
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Appendix 2. Summary of existing markets that have biochar potential
Agriculture

Biochar has been used in agriculture for thousands of years and is particularly effective for improving
poor and degraded soilft.is best thought of as soil amendment rather than a fertilizethat is, a
component that is added to soil to improve its ability to sustain plant growth and retain nutrients and
water. In the case of biochar, this effect is nearly permanent due to the facthieamaterial typcally
breaks down very slowly in soil

In the Pacific Northwest and across the United States, projects are underway to quantify the benefits of
biochar and biochar amendments in agriculttifé Examples include, the dwheat trials being

conducted in eagtrn Washington by the USDA Agricultural Research Selwicenversations with Dr.

Steve Griffith, he has mentioned that biochar additions have shown increased yields however the
mechanism may have to do with enhanced water holding capacity resultingtfi@fsiochar additions

rather than any productivity enhancementdis work is being summarized and prepared for publication

in the coming months.

It should be noted that for any biochar applicatieresults of growth studies will be variabot all
studies indicate positive effects on plant growth with biochar additidrwere is a great deal of
variability in the response of agronomic crop yield to biochar additions, negative to >2 fold
improvements (Spokas et al., 201®Jhat biochar can (or cannot) dor soil & plant productivity will
depend on many factorsuch as soil type & texture, biochar application method, and other variables

Agricultureconsistof a wide range of market segments; includindustrial scale crop farming
commercial plant/treenurseries horticulture, organic gardening, vineyas,cand livestock and poultry
operations.According to the USDA, total value of agriculture in the United States was over $198 billion
dollars in 2012The value of wheat crops in the US is approximakal billion dollarg’,

The organic agriculture markéikely) presents the greatest potential market for biochahis is due to
a number of factors, including the marketing value of biochar as a cadstiuctivesoil amendment, the
high price premiums that exist within the organic market, high price for organic soil nutrients and
amendments, and the fact that many-adrogdreirc
willing to try new technologiesiccording to the Organic Trade Associatior. sales of organic food
and beverages have grown from $1 billion in 1990 to $26.7 billion in 2010, and orgarfimociosales
reached $1.97 billion in 201Certified organic acreage in the United States redamere than 4.8
million acres in 2008, aoading to data posted by USDA.

p wahdbu @

Compost

Biochar can be used in combination with compost to create enhanced benefits for both materials when
applied to soilBiochar has been shown to reduce odors, ammonia, andndp@gse gas emissions
including nitrous oxide, and methan&.recent report regarding odor emissions from composting by the

41 Biochar and fertilizer applications influence phosphorus fractionation and wheat yield (2013) http://www.biochar
international.org/node/4330

42 http:/lwww.biochar-international.org/node/3782

43 USDA http://www.nass.usda.gov/Publications/Ag_Statistics/20tik.asp
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Washington State Department of Ecolétncludes a summary of biochar research related to compost
and gaseous emissiorBiochar haglso been shown to reduce nitrogen leaching and reduce overall
nitrogen losses during compostirgielding a more nutrientich product for agricultureThe soil
amendment and composting businesses in the U.S. consist of mord tha@companie®’. Annual
revenue of the top composting companies in the U.S. was approximately $600 million in 2012.

Commercial Horticulture Market

Biochar has also been tested in horticultural applications, namely greenhouses and tree seedlings.
Studies have shown that tree s#lng plant mixes amended with biochar show enhanced resistance to
common fungal pathogef$that can form in many nurseries, suchRisytophthoraA recent article has
also shown that biochar has the potential as a4owst option for tree seedling growing medias for
example perlite and peat moss, while also decreasing nutrient leaching losses (Nemati et.dl 2015)

The horticultural market in th&).S. was worth an estimated $11.7 billion dollars in 2009, which was up
from $10.6 billion in 1998. Horticulture covers a variety of sectors including tree nurseries, garden
plants, perennial plantdlowers, and Christmas trees.

According to USDA 2009 Ges of Horticulture Specialties (2009) there were 21,585 horticulture
operations ranging from $10,000 to $2.5+ million annual revenue. The combined horticulture market
expense on lingtem Potting Soil and Media was $350 million. The combined expensertiiz€es and
Soil Conditioners was $307 million. Since biochar can be used in both categories, the estimated
combined potential market for biochar is $6B¥llion (Kise 2013).

Consumer Horticulture/Garden Market

Biochar use in garden soil products igtirer market possibility within the horticultural sectdvlintel

(2001) reports that consumer spending on garden $egpvas $26 billion. Seventeen percent of this
was spent on gardenindiemicals ad growing media for a total 4.5 billion in 2001. 12012

combined consumer speity on garden and lawn suppliess $27 billion and projected to grow to $36
billion by 2016. Assuming the percentagemedia/total spending is relatively consistent, consumer
purchased around $6.1 billiomorth of gardening lksemicals and growing media i®22 (Grabowski,

2012). The Walbtreet Journal reported that spending in this sector was expected to grow by 10% from
2011- 2016 (Wood, 2013).

Stormwater Market

There are several studies that are underway or that have loeempleted over the last couple of years
on biochar efficacy to remove pollutants (metals, nutrients) from stormwater and wasteffater

44 Kelpie Wilson for the WA Department of Ecolddips://fortress.wa.gov/ecy/publications/SummaryPages/1307066.html
45 BioCycl€2012) The State of Composting in the US http://www.biocycle.net/2014/07/16/sté&ompostingin-the-u-s/
46 http://www.biochar-international.org/node/3861

47 Nemati, R.M., F. SimardPJFortin and J. Beaudoin. 2015. Potential use of biochar in grovad@rwvadose Zone Journal.
Soil Science Society of America.

48 Biochar demo in Sweet Home, Oregon. http:/rffi.org/Biom&sssearcH ibrary.html
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According to market survey work completed &tudents of Dr. David Smith @regon State University,

the average company in Oregon and Washington spends approximately $15,8Girowater

filtration systems (filters and media) on an annual baRss in turn produces a rough estimate of $30
million in annual spending by privafiems on filtration costs in order for companies to meet Oregon and
Washington state pollution benchmarks for stormwater & wastewateatment.

Of this cost, students at the OSU Advantage Accelerator program estimated that $3%mndlion

dollars isspentannuallyon filtration related media for stormwater and wastewater systermbey

estimated that activated carbon mageip about 50% of the medias currently in use for these

stormwater systemsSince biochar could perform similar functions as actiya@rbon to remove
pollutants, the students placed the market potent
filtration to be approximately $4.5 million annually for the two statBeify and Seppalainen 2014).

The City of Portland, accordjrio their annual compliance report from Oregon Department of
Environment al Quality, “The City of Portland has
management services and facilities during permit years 1 througPd®land, 2013y | n eéri scal vy
2012alone,Portland spent $101 million on stormwater management.

According to the US Environmental Protection Agency (EPA) the stormwater treatment and
management market in the United States has been valued between three and six billion @oHaedly.
This market is expected to grow in the coming yg&tsrmwater Management Market Set for Growth,
2013)

Activated Carbon (AC) is the most closely related filter media to biochar on the market today. AC
applications include automotive, pharmadaal, mining, chemical, and industrial sectorle current
value of AC globally is approximat&y.8 billion and is estimated to reach.8dillion by 2017The US
Market demand for activatedarbonis about 226,000 tons annudity

Environmental remediation

Biochar has been tested for its efficacy to capture pollutants on mine spoils, oil & gas fields, and other
impacted landsStudies in Oregon, Coloratpand Utah have shown promising results over the last
several yearsBiochar which typically hashégh pH can be particularly effective onvegetation efforts

on mine spoilsSteve GriffitA of the USDA Ag Research Service in Corvallis, Orgjyshone of several
researchers exploring the use of biochar for this purpose (Fiye

50 Hope mine Colorado: http://www.coloradoindependent.com/98897/heméne-cleanupdemonstratespower-of-biochar
51 Steve Griffith Agricultural Research Service http://www.ars.usda.gov/paetple/people.htm?personid=2136
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Figure A2. Potﬁng trials of soils amended with 0% biochar (far left) ad 4%, 9% and
10% biochar on right. Picture courtesy of Dr. Steve Griffith USDA ARS

Dusty Mdler®? of the University of Nevada, Reno has been studying the use of biochar made from
pinyonjuniper feedstocks as an amendment to enhance reclamation efforts at-avghhgads in Utah
(FigureA3).

NS

Figure A3. Biochar amended soils at gas well in Utah. Picture courtesy of Dusty Moller.

The field work began in October of 2014 and initial resultseapected later in 2015.

Reclamation of degraded land with biochar like those at the Formosa mine in Oregon and-tiellgas
Utah represents a potentially significant market opportunity for biochacording to EBI, the US
market for environmental remdiation was valued at $8 billion dollars in 2G%2.

52 Dusty Mdler http://www.unrbep.org/resourceconservation/woodybiomassutilization/
53 EBIhttp://ebionline.org/updates/1828ebj-annuatsurveyand-analysisprovidescomprehensiveassessmenbf-usremediationmarkets
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Appendix 3. Biochar product labelling information from Oregon Department of Agriculture

Biochar

Donald Wolf <dwolf@oda state or.us> Tue, Dec 2, 2014 at 8:53 AM
To: Scott Hayes <scotthayes@wildblue.net>

Scott,
Thanks for asking. It's easiest to do things right the first time.

Yes, if there are any claims made that a product affects plants or soll, then the material will have to be registered.
Generally, biochar would fall under our agricultural amendment category. If marketed as a soil amendment,
biochar would not require registration in Washington state, but it would in idaho and California. If you plan to
market more widely than just Oregon, let us know, and we'll try 1o help you develop labels that will comply with the
requirements in the other states you're considering.

Anocther alternative would be to simply label the product "biochar” and make no claims whatsoever (not just the
label, but anywhere), in the belief that those people who buy biochar already know why they want the product.

For registration, biochar is defined as "a solid material obtained from thermochemical conversion of biomass in an
oxygen-limited

When more than one feedstock is involved, all feedstocks greater than 10% of the total volume are 1o be listed by
decreasing volume. Their uses include soll amendments.”

Registration requires four things—1) an approved label, 2) a heavy metals analysis (details below), 3) an
application form, and 4) an application fee of $25 per product.

1) The details of labels may vary from state to state, but there is a general format that is consistent. As an
amendment, if no claims are made for specific substances, then the guarantees section of the label could be as
simple as “Soil Amending Ingredients: 100% conifer biochar.” All labels also need the foliowing statement, printed
without changes to wording or punctuation:

Information regarding the contents and levels of metals in this product is available on the internet at
hitp:/hww.aapico. org/metals htm

2) The heavy metals analysis should be done for the total amounts of arsenic, cadmium, mercury, lead, and nickel
in the product and be less than 18 months oid. The lab analysis should use minimum detection limits no larger
than:

arsenic 10 ppm

cadmium 5 ppm

mercury 0.2 ppm

lead 5 ppm

nickel 5 ppm

If you plan to register in California add cobalt (Co), copper (Cu), molybdenum (Mo), and selenium (Se).
If you plan to register in Washington add cobait (Co), molybdenum (Mo), selenium (Se), and zinc (Zn).

Sometimes your supplier will provide you with a valid heavy metals report, or you can send it 10 a lab for analysis.
Labs that can do this include, but are not limited to:

A & L Westem Ag Labs

Modesto, California

(209) 529-4080

Anatek Labs

Moscow, idaho
(208) 883-2839
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North Creek Analytical, Inc. / Test America

Spokane, Washington

(509) 924-9200

Thomton Labs

Tampa, Florida

(813) 223-9702

A longer list of labs is available at: hitp:/Awww puyallup wsu edu/analyticallabs/

3) I've attached an application form, which includes information on where to send the form and payment.
Application forms are also available in the forms section at: hitp /Awww oregon. gov/ODA/programs/Pesticides/
Fertilizers/Pages/Fertilizers. aspx

4) Payment may be submitted by mail or fax. See the instructions on the application form. Do not submit
application by e-mail.

Also, as this product is made in Oregon, a Manufacturer-Bulk Distributor (FMBD) license Is required. The
application form for this license is attached.

As you have questions, feel free to drop me a line or give me a call.

Fax: (503) 986-4735

For more information visit us on the web at:
http://www.oregon.gov/ODA/programs/Pesticides/Fertilizers/Pages/Fertilizers.aspx

We want to know how well we are serving you. Please take our customer service survey
at hitp:/iwww . surveygizmo.com/s3/1837307/0DA-Customer-Service-Survey

On Dec 2, 2014, at 8:11 AM, Scott Hayes <scotthayes@wildblue net> wrote:

Hello Don,

| got your name off the ODA website and hope you can help. I'm a member of the Oregon
Woodlands Coop, a group of family woodland owners who market “non-traditional forest products”,
that is, stuff other than just logs. We are looking into the opportunity for our members to produce
biochar.

It appears that biochar may be classified as an agricultural amendment, requiring some sort of
testing and registration before sale in Oregon.

Can you provide me with the process?
Thanks,
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