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Please Note: This report offers technology and
resource assessments to enable Washington
policy makers to make more informed decisions
“for increasing the economic value and
sustainability of Washington’s agriculture sector
through the use of industrial symbiosis principles,
as directed by the 2022 Washington State
Legislature.

d

Washington State University enlisted expert
investigators with Pacific Northwest National
Laboratory and the Center for Sustainable
Infrastructure as partners to develop this report.
In addition to the five lines of targeted research
that will be highlighted in the Key Findings section
of this report and detailed in Appendices | - 1V,
technology and resources findings that enable
policy recommendations were informed by
interviews and consultations with several dozen
agriculture symbiosis experts, innovators, and
stakeholders, led by CSI.

The recommendations were developed by CSI to
synthesize insights from the project’s key findings
and consultations, and to distill a set of strategic
recommendations to achieve the Legislature’s
intent, as expressed in the budget proviso
directing this study.

CSl solicited review and feedback on a draft of
these recommendations from project partners
and the experts, innovators and stakeholders
consulted by the project. The final
recommendations contained in this report,
however, are the responsibility of CSI, and do not
necessarily reflect the position of partner
organizations or any of the leaders and
organizations consulted.



INTRODUCTION

. Introduction & Overview

The 2022 Washington State Legislature directed Washington State University (WSU) to
partner with organizations with relevant expertise to “develop recommendations for
increasing the economic value and sustainability of Washington'’s agriculture sector
through the use of industrial symbiosis principles.”

In response, this Agriculture Symbiosis report has been produced by WSU in partnership
with the Center for Sustainable Infrastructure (CSI) and the Pacific Northwest National
Laboratory (PNNL) through research and consultations with stakeholders and experts.

Agriculture Symbiosis happens when food,
beverage, or farm businesses partner with each
other, or with businesses from other industry
sectors, to share their surplus resources — energy,
water, and organic ‘wastes’ — for mutual economic
benefit. Successful symbiosis projects offer both a
compelling business case for each participating
company and deliver substantial sustainability
performance improvements. For the purposes of
this report, the terms “agriculture sector” and
“agriculture symbiosis” include the food and
beverage sectors to reflect a more holistic food
system perspective that includes broader
agriculture supply chains.’

This age-old strategy of generating economic value
by sharing and re-using resources such as water,
heat, and organic materials is being taken to
promising new levels, contributing to business
growth, improving energy and water efficiency,
building soil health, addressing emissions, and
helping maintain the state’s clean water and air.

Agriculture is among Washington's most successful
and important industry sectors, generating over
$10.2 billion in production value in 2022, according
to USDA and National Academy of Sciences figures.
Competition and consumer demands within the

farming, food, and beverage sectors means that
businesses can benefit from new efficient
processes that produce higher value while
reducing wastes and costs.

Washington agriculture has achieved remarkable
levels of productivity and competitiveness
through a history of innovation. And through a rich
history of agricultural cooperatives, deep
experience in economic cooperation is woven
throughout our food systems. As on-farm, in-
house and collaborative innovations continue,
new value and new products will continue to
sustain and grow Washington’s agricultural
economy.

Building on this history, this report explores
whether there are new, untapped opportunities to
enhance agriculture symbiosis by finding new
value from waste, or ‘surplus resources, with
agreements and infrastructure that connects
multiple parties. With these opportunities in mind,
we seek to identify what kinds of support and
solutions are needed to overcome existing
barriers and help individual businesses come
together in symbiotic relationships that benefit all
parties involved and Washington'’s citizens.

1 While we recognize the potential for symbiosis efforts that involve post-consumer food waste, this report focuses on organic waste streams from farm to

processor to retailer, but prior to purchase by consumers.



INTRODUCTION

There are many potential benefits of agriculture
symbiosis for Washington’s agricultural economy
and communities. Symbiosis projects can convert
waste into new products and revenues. Waste-to-
resource products can include renewable energy
and fuels, clean fertilizers and soil amendments,
recycled water, and feedstocks for a range of bio-
based products, such as higher value proteins and
polymers. Recycled heat, water, and organic
materials can replace a portion of imported, price-
volatile feedstocks and resource inputs for
agriculture producers. By providing additional
strategies for maintaining air and water quality,
symbiosis can also reduce waste management
and compliance costs and liabilities.

This report is organized as follows:

[. Introduction and Overview

Il. Project Genesis

By supporting the development of high-quality
agriculture symbiosis projects, Washington will be
better positioned to secure funding from an
unprecedented wave of anticipated federal
investment over the coming decade, as projects
with demonstrated economic, environmental, and
social benefits gain competitive advantage.
Further, Washington companies that develop
know-how in agriculture symbiosis and resource
efficiencies can leverage their leadership and
track record of successful projects to market their
services in other areas of the U.S. and globe.

[1l. Understanding Agriculture Symbiosis

IV. Agriculture Symbiosis Examples in Washington and Beyond

V. Key Findings of Consultations and Targeted Research

VI. Recommendations for the Washington Legislature

Throughout the report, some of Washington'’s agriculture symbiosis pioneers are profiled. These innovators
are certainly not the only symbiosis innovators in Washington. However, together they offer a reasonable
illustration of the diversity and range of forward-thinking agriculture symbiosis projects around the state today.
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1. Project Genesis

Beginning in 2017, over two dozen Washington state legislators — evenly
distributed between Republicans and Democrats -- participated in study
tours in Denmark? where they observed industrial symbiosis (IS) in action.

These bipartisan legislators found significant common  Legislators were especially inspired by

ground in seeing the potential to adapt Denmark’s IS Kalundborg, Denmark — home of the world’s
model to benefit industries in a wide range of oldest and most advanced industrial symbiosis,
Washington communities, from very small towns to where over two dozen resource-sharing

bigger cities, and at the same time gain substantial agreements are delivering very substantial
economic, environmental, and social benefits for economic and climate returns (see Appendix D).
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2 These legislators received scholarships covering their participation costs courtesy of the Seattle-based Scan Design Foundation, whose mission is to
grow, develop, and encourage the relationship between the US and Denmark: www.scandesignfoundation.org
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Working collaboratively, these legislators have led
successful efforts in consecutive legislative
sessions to make strategic investments to seed
and grow IS in Washington. In 2018, the state
commissioned a guide to industrial symbiosis to
support economic development efforts in
Raymond, WA. In 2019, the state commissioned a
study to inform statewide IS policy development,
which in turn led to the unanimous passage in
2020 of the nation'’s first statewide IS program -
only to have it vetoed in the face of plummeting
state revenues in the early days of the pandemic.

But legislators returned in 2021 to pass SB 5345,
which was signed by the governor and launched
the new IS program at the Department of
Commerce. That program is providing grants “to
expand existing industrial symbiosis efforts,
assist others that are on their way, and support
those still on the drawing board.”?

Industrial Symbiosis
(1S) is born in
Kalundborg, DK

CS! joins 26 WA I$ Bill passes but
lawmakers on tours of i vetoed due to
IS projects in Denmark the COVID-19

pandemic
$100,000 appropriated
for symbiosis project
in Raymond

Legislature funds
IS study

WA's SB 5345 passes,
creating the 1st

In 2022, legislators increased funding for the
new IS program, and in addition appropriated
funds for WSU and partners to undertake this
study of agriculture symbiosis opportunities for
Washington.

Thanks to these strategic investments by the
Washington State Legislature, agriculture
businesses and entrepreneurs are increasingly
inspired to expand and develop new symbiosis
projects, and Washington is gaining international
attention as the leading U.S. state for industrial
symbiosis. In October 2022, CSI was invited to
share Washington'’s IS story at the Global
Leadership Conference convened by Kalundborg
Symbiosis, which drew together some of the
world’s top IS practitioners.

Funding for new IS program quadrupled

statewide IS program

in the US

Agricultural Symbiosis proviso
(this report)

WA IS story shared by CSl at
Kalundborg Global Leadership Summit

3 choosewashingtonstate.com/wp-content/uploads/2022/10/Industrial-Symbiosis-Fact-Sheet-9-2022-1.pdf
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m. Understanding
Agriculture Symbiosis

At their heart, agricultural businesses such as farms and food processors
take raw materials and add value to create products they can sell.
Agriculture Symbiosis can add value for agriculture businesses by
enabling them to reduce costs or generate new revenue by sharing
surplus resources — energy, water, and organic ‘wastes’:

RAW PRIMARY
BUSINESS

MATERIALS

SECONDARY

RECYCLE

BUSINESS

Major cost centers for agriculture producers
include both the purchase of energy, water and
organic resource inputs, and the costs to manage
the waste flows resulting from production
processes. Symbiosis agreements and
infrastructure can enable businesses to profitably
share surplus resources and reduce waste
management costs. Of particular importance to
agriculture can be projects to:

+ Recover and recycle organic, carbon-rich wastes
to generate clean resource products with market
value, including energy, soil amendments, and
high-value bio-chemicals, industrial feedstocks
and compounds like proteins and polymers.

SYMBIOSIS

PRODUCT

WASTE

DISPOSAL

DIVERT

NEW PRODUCTS

« Capture and recycle waste heat to displace fossil
fuel purchases for process heat.

+ Optimize and recycle wastewater to ensure water
quality, extract organics for value, and generate
clean water for reuse.

Symbiosis projects align well with the goals of
increasing economic development and achieving
environmental sustainability because they offer
both a compelling business case for each
participating company and deliver substantial
sustainability performance improvements.
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In this study, we identified two main categories of
agriculture symbioses:

* Business-to-Business Symbiosis
Agricultural businesses forge waste-to-value
partnership agreements to share surplus
resources for mutual economic benefit and
environmental gains

+ Utility-Enabled Symbiosis
Clusters of 2 or more industrial facilities are
served by symbiosis infrastructure that is
financed and operated by one or more utilities,
who ideally provide integrated services and
support across multiple resources.

Most agriculture symbiosis projects in
Washington that we identified in our initial scan
are business-to-business (B2B) symbiosis
projects, initiated and financed by the
participating businesses. This contrasts with
Denmark, where most symbiosis projects are
financed, operated, and facilitated by the local
utility provider, in cooperation with the industries
they serve. When utilities take the lead, agriculture
businesses are likely more willing to engage
because they do not have to become expert in
technologies and invest significant time and
energy navigating the complexities of financing
and developing multi-partner projects. But in the
absence of utility leadership, B2B symbiosis
projects, which tend to be smaller scale and less
complex, can enable a few nimble business
innovators to put projects to share surplus
resources into operation and to expand
incrementally into adjacent opportunities.

Resource Efficient

and organic materials
within a business’s
facilities and across
operations.

Sustainable
Resource Inputs
Utilizing renewable and
recycled energy, not only for
electricity but for process
heat; and for farmers, growing
soil health with bio-fertilizer
products produced by
recycling organic wastes.

Production Processes

Optimizing the use and
reuse of energy, water

Industrial symbiosis is one of at least four key
links in a ‘Clean Industry’ supply chain by which
businesses can improve sustainability
performance and profits across their operations.
These four key links include:

* Sustainable Resource Inputs
Utilizing renewable and recycled energy, not only
for electricity but for process heat; and for farmers,
growing soil health with clean soil amendments
and bio-fertilizer products produced by recycling
organic wastes.

* Resource Efficient Production Processes
Optimizing the use and reuse of energy, water, and
organic materials within a business’s facilities and
across operations.

* Industrial Symbiosis
Cycling remaining waste streams between
businesses for mutual economic benefit.

* Clean Transport of Feedstock and Products -
Cultivating local suppliers to shorten haul distances
and increasing use of clean fuels for trucking.

This report focuses on the Industrial Symbiosis
link in the Clean Industry chain, specifically its
potential to benefit the agriculture sector. But
projects that demonstrate a positive return-on-
investment for agriculture businesses in any of
these four Clean Industry categories will also
improve sustainability performance across the
overall food system'’s supply chains. And, of
course, some projects will span links on the
supply chain, for example, by shortening haul
distances and enabling profitable symbioses.

Industrial
Symbiosis
Cycling remaining
waste streams between
businesses for mutual
economic benefit.

Clean Transport
of Feedstock &
Products
Cultivating local
suppliers to shorten
haul distances; and
increasing use of clean
fuels for trucking.
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v. Agriculture Symbiosis:
Examples in Washington & Beyond

Our scan of agriculture symbiosis projects in Washington uncovered 18
illustrative projects that appear to meaningfully reflect IS principles and are

in active operation or development.

Sprinkled through this report, are profiles of
several of Washington's agriculture symbiosis
project pioneers to provide a fuller picture of a
diverse subset of the innovative projects
highlighted in the table on page 10.

Industrial symbiosis is a new term for the
agriculture sector in Washington, and several
innovators we talked to have integrated symbiosis
principles into how they do business without
using this term to describe it. For this reason,
ongoing systematic investigation would
undoubtedly uncover other worthwhile projects.

Other examples of innovative agriculture
symbiosis projects that are no longer in active
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operation were also discovered in Washington,
underscoring the fact that these arrangements are
business partnerships at their heart, and must
generate economic value to remain viable. In
some cases, other barriers also contributed.

These barriers are more fully described later in
this report.

Appendix D offers a compilation of successful
industrial symbiosis projects from beyond
Washington with significant agriculture sector
components, selected to provide additional
insight into the scope and scale to which

agriculture symbiosis principles could be applied
in Washington.

Current & Future
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Agriculture Symbiosis Projects in Washington State - Initial Scan

Projects in Active Development:

6 Divert Longview

Longview

Divert works with grocers to reduce wasted food, and to divert remaining food waste from landfills to
biogas production facilities that efficiently convert methane to a valuable renewable natural gas
product. They are pursuing development of a facility in Longview to process food waste from up to
650 grocery stores across the Pacific Northwest.

e HeartFoods

Bellingham

Mark and Jessie Buehrer have launched HeartFoods to pilot a closed loop model for organic
greenhouse agriculture that “utilizes food waste to transform how local communities grow healthy
food.” Their aim is to achieve net zero energy, water, and carbon while creating local food and jobs
by cycling and optimizing flows of nutrients, water, and energy.

e Lamb Weston Plant

Richland

Lamb Weston has committed to sell raw renewable natural gas made at its Richland site to Pine
Creek RNG who will finish the gas before selling to Cascade Natural Gas along with RNG from Horn
Rapids Landfill. Raw natural gas produced at Lamb Weston's Richland location is generated at their
agricultural biogas recovery system and is currently being flared, but will be captured, processed and
distributed through Cascade’s system at the end of 2023.

9 Myno Carbon

Kettle Falls

Myno Carbon is developing a large-scale biochar carbon removal facility that will utilize forestry
and mill waste residuals to produce 40,000 tons of biochar and 18 megawatts of carbon negative
electricity per year, integrated with Avista's Kettle Falls Generating Station. They are also exploring
combining waste carbon dioxide with crushed basalt to create a liming soil amendment.

e Pacific Ag
Renewables

Sunnyside

Pacific Ag Renewables plans to begin construction soon on a series of digesters to convert
agricultural wastes — crop residues and dairy manure — into pipeline-quality renewable natural
gas, and potentially other products like molded fiber packaging.

Pasco Process
Water Reuse
Facility (PWRF)

Pasco

The City of Pasco, in a public private partnership with Burnham RNG, broke ground in the second
quarter of 2023 on a $137 million modernization and expansion of the PWRF to treat 2 billion
gallons per year of industrial wastewater from seven major food processors. Anaerobic digestion
will be the source for 900 million btu/day of pipeline-quality renewable natural gas, after which the
growth of algae will remove nitrogen from the water so it can be beneficially reused for irrigating
crops, and provide feedstock for a nitrogen-rich fertilizer product.

Operational

e B The Augean Project
Bl Beta Hatch
EJ Edaleen Cow Power
¥Y inland Empire Paper
) Qualco Energy

Qualterra
Rainier Biogas
(4] ﬂ Royal Dairy

KB vander Haak Dairy
m Vashon Bioenergy Farm
EEl Wind River Project
m Yakama Mation Farms

(5] Active Development
Divert Longview
HeartFoods
Lamb Weston

o Myno Carbon
(5 ] (5] (6] [l Pacific Ag Renewables

Pasco Process Water Reuse Facility
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Operational Projects
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Augean Project

Yakima

The Augean Renewable Natural Gas (RNG) project in Yakima County is producing pipeline quality RNG
from the digestion of dairy manure from the DeRuyter & Sons and D&D Dairies. Benefits include
greenhouse gas reductions, renewable transportation fuel, resource recovery including the production
of biofertilizer and digested dairy fiber for use as cow bedding or as a peat moss substitute, and
reclaimed irrigation water.

Beta Hatch

Cashmere

Locally sourced agriculture wastes, plus waste heat from a nearby data center, feed an insect farm
that produces high-value proteins for animal food products. Insect wastes known as ‘frass’ are sold
as a high-value fertilizer.

Edaleen Cow
Power, LLC

Lynden

Edaleen Dairy recycles cow manure and pre-consumer food waste using anaerobic digestion to
collect methane to produce electricity. As of 2022, they are generating enough clean energy to
power 380 local homes. The emission-free electricity is sold into transportation markets to power
electric vehicles. The system also produces soil amendment products and liquid fertilizer for
Edaleen fields while assisting local food processers in treating their waste materials.

Inland Empire Paper

Millwood

Inland Empire Paper Company transforms their waste fly ash into a pelletized form that can be
delivered to agricultural soils using conventional farm equipment. The fly ash neutralizes acidity and
adds minerals to the soil, benefiting soil health and crop yields.

00— 00—

Qualco Energy

Monroe

Qualco Energy, a partnership between the Tulalip Tribes and Werkhoven Dairy, operates a dairy waste
digester to save money and improve water quality. Snohomish Public Utility District uses the
resulting biogas to run a generator and digestate from the process is utilized on farm fields, with
nutrients that are more accessible to the farm'’s field crops.

Qualterra Agriculture
Regeneration Stations

o

Pullman
(HQs)

Qualterra designs biomass processing units that their agriculture industry customers can use to create
‘Agricultural Regeneration Stations’, integrated systems to process organic waste into biochar and
renewable energy. A single unit can process 450 tons of biomass per year, resulting in 112 tons of
biochar, and generating 30x more energy as an output than is required as an input. The company is
partnering with Eastern WA farmers to conduct R&D both on-farm and from their research and
production facilities in Spokane, Pullman, and Sunnyside.

Rainier Biogas

Enumclaw

Rainier Biogas collaborated with three family farms— Ritter Dairy, Wallin Dairy, and the DeGroot
Brothers Dairy—to build a digester that serves approximately 1,200 cows. The project generates
electricity, sold to Puget Sound Energy, and carbon credits that result from the capture of methane, a
potent greenhouse gas.

Royal Dairy

Royal City

Royal Dairy cleans and recycles washwater from milking barns via a 7-acre BioFiltro worm bed made of
locally-sourced wood waste. Developed in partnership with Organix, the worms not only filter water clean,
but produce rich organic soil amendments that can enhance farm soils or help remediate brownfields.

o0 —©

Vander Haak Dairy

Lynden

Vander Haak Dairy installed Washington's first dairy digester in 2004. It converts manure and food
waste from nearby food processors to produce renewable energy while capturing and using the
methane. Digestate (solids and liquid fertilizer) can be used in animal bedding and crop production.
The project was the first demonstration site for several emerging nutrient recovery technologies. The
dairy partners with 15-20 food waste suppliers as well as the local municipality.

Vashon Bioenergy
Farm

S

Vashon
Island

Chomp (formerly known as Impact Bioenergy) is producing RNG from organic wastes generated by
Island Spring Organics manufacturing plant, which is then used to power production processes at
the facility. They also capture waste heat from the facility to heat the digester and manufacture
certified organic liquid fertilizer.

ﬂD Wind River Project

Carson

Wind River Circular Systems (a collaboration of Wind River Biomass Utility and Gorge Greens) creates
value from waste wood by converting it to heat and power for year-round organic greenhouse food
production. They also produce firewood, wood chips, and biochar from wood waste.

@ Yakama Nation
Farms

Yakama
Nation
Indian
Reservation

Yakama Nation Farms grows crops on 1500 acres, one third of which is certified organic. The farm
produces compost from wood and fisheries waste. They are partnering with NW Harvest on a new
storage facility and free food market that improves nutrition in their community. The Nation is working with
EPA on the Columbia River Restoration and are exploring vermiculture for remediation with Perca, Inc.
Others involved in these symbiotic remediation efforts include Save Family Farming and Salmon Safe.
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City of Pasco Process Water Reuse Facility

The City of Pasco broke ground in 2023 on a $137 million modernization and expansion of its Process Water
Reuse Facility to treat 2 billion gallons per year of industrial wastewater from seven major food processors.

PRE-SYMBIOSIS

Pasco's facility for treating and reusing wastewater from major food processing
facilities faced multiple challenges:

+ The treatment facility required expansion to be able to handle an increase
of nitrogen loads that are projected due to the growth of the food
processing industry.

+ Aged-out infrastructure needed replacement.
+ System data gaps limited whole-system efficiency.

+ Business-as-usual solutions promised high capital and operating costs, high
long-term energy demand, odor issues, and insufficient wastewater storage
to support year-round food processing and corresponding job growth.

Instead of dispersing low-quality water over a larger area, innovators at Pasco
Public Works re-examined the whole system, and developed a symbiotic
network of solutions that capture value from waste, reduce reliance on fossil
fuel and enable the creation of hundreds of jobs as new storage will make year-

SYMBIOSIS IN ACTION

The City is moving forward with:

+ Addition of Low Rate Anaerobic

Digesters to capture methane gas
from food processing wastewater
to produce renewable natural gas.

+ Close to 1.5 billion gallons per

year of pre-treated water with
some nitrogen will be used to
irrigate crops, reducing the need
for farmers to purchase fertilizers.

+ Biological, low-energy nitrogen

removal system uses algae.

Marketable algae-based fertilizer
is a resulting product.

+ Creation of 300+ full-time jobs

round food processing a reality. due to year-round capacity for

food processing, plus
construction jobs.

BENEFITS

Expanded, year-round food processing; job creation in the hundreds; Darigold
expansion; cost-effective regulatory compliance; value capture from wastewater
(biogas and nutrients); better data, collaboration and system protocols;
avoidance of costly SBR technology and high ongoing (polluting) power demand,
local investment and construction jobs, model for others in the industry.

Treating (and capturing value
from) waste streams from new
Darigold facility.

Possible future inclusion of post-
consumer food waste in
anaerobic digestion.

Rotating Algae Biofilm Greenhouse

KEY TAKEAWAYS
Emerging interest Good data  Lowering power Innovative Strong proposals AD technology allows for
to capture nutrients  and data- need sets up approaches take with multiple more and more ways to

can help decrease sharing decades of time, good data benefits can attract  extract valuable energy
the cost of nitrogen  are critical.  energy savings and good analysis.  significant funding.  from wastewater,
removal treatment. and pollution enabling converting cost

avoidance. centers to value centers .
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v. Key Findings of Consultations
and Targeted Research

The WSU-CSI-PNNL project team combined several different approaches
for the work summarized in this report.

Working collaboratively with the team, CSI
conducted interviews, consultations, and site
visits with experts, innovators and stakeholders
from Washington and beyond, while WSU and
PNNL researchers conducted several lines of
targeted research to strategically expand our
understanding of the agriculture sector’s
symbiosis opportunities and challenges.

Key findings from this body of work are

presented in this section, in three subsections:
Stakeholder-Identified Opportunities, Stakeholder-
Identified Barriers, and Targeted Research.

Stakeholder-ldentified Opportunities

Washington State Leads

Washington is already leading in industrial and
agriculture symbiosis projects (see Section V)
that point to an opportunity-rich environment
for growth and expansion of these pioneering
projects.

Waste Presents Opportunities to Create Value
Agriculture producers can generate economic
value and reduce costs by sharing and re-using
water, heat, and organic materials. Experts
recommend businesses take steps to optimize
the efficiency and cycling of these resources
within and throughout their own operations,
and then use symbiosis projects to create
value from waste streams that remain.

Symbiosis Infrastructure and Agreements Needed
Converting waste into new value for participating
businesses requires infrastructure and symbiosis
agreements that benefit all participants by producing new
products and revenues or decreasing costs and waste.

Promising Opportunities Abound in Washington State
Waste heat recovery and recycling, harvesting value from
organics-rich agricultural wastewater, enhancing soil
fertility, and generating other high-value bioproducts from
organic wastes are promising symbiosis opportunities for
Washington agriculture.

Symbiosis Can Help Solve Thorny Problems

Symbiosis projects can in some cases provide new options
to help solve persistent, statewide problems - such as
orchard waste or logging slash that is now burned,
wastewater overloaded with nutrients, volatile prices for
synthetic fertilizer and natural gas, food waste, and climate
pollution.

Equity

Clean industry investment by governments can be an
effective way to advance equity goals because jobs in
industry, manufacturing, and production are accessible to
workers without a college degree yet tend to pay well. The
jobs are also widely dispersed throughout the state,
benefiting the full geographic sweep of Washington
communities.

Utilities Can Help

Utility organizations can play a crucial role in facilitating
and financing symbiosis projects and infrastructure, if
creative, flexible new authorities to organize multi-resource,
district-scale utility enterprises are available.
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Our consultations with experts, innovators, and stakeholders for this study surfaced a variety of barriers
impacting agriculture producers’ ability to fully realize profitable symbiosis opportunities. Here we have
synthesized this input to distill five major barriers to overcome for agriculture symbiosis to thrive and

grow in Washington:

Competing Priorities

Agriculture businesses are experts in, and focus
primary attention on, delivering their primary
merchantable products, not on state-of-the-art
symbiosis infrastructure and solutions. As a
result, they may not be aware of, or
knowledgeable about, positive business
opportunities for agriculture symbiosis projects.

Capital Squeeze

Agricultural businesses continuously must make
hard choices over where to target scarce capital
investment dollars. Many options have potentially
positive return-on-investment, so proposed
symbiosis and resource optimizing projects must
compete with other proposed projects that may
seem production-critical or have shorter ‘payback’
times. For businesses on the margins of
profitability, capital dollars may be quite scarce,
especially for projects that produce returns on
investment over longer time periods.

Hedging Real and Perceived Risk

Implementing innovative new systems and
processes can be riskier than the tried-and-true
approach. Agriculture businesses often operate
on narrow profit margins and are naturally
reluctant to put their own capital at risk, especially
on systems they are not expert in. Symbiosis
participation needs to be easy and low-risk for
agriculture businesses, but models to deliver easy,
low-risk on-ramps to participate are still immature
in Washington.

Utilities Have the Skills, but Not the Authorities
Utility organizations exist to bring expertise and
patient capital to energy, water, and waste
management, and so should be in a better
position to deploy capital on symbiosis
infrastructure that will benefit industry and
sustainability. But U.S. utilities are quite siloed,
hindering their capacity to deploy and manage
multi-resource symbiosis infrastructure.

Funding Siloes Can be Blind to Integrated Solutions
State and federal incentive programs to improve
the efficiency and sustainability of energy, water,
and waste infrastructure are similarly siloed,
targeting narrowly defined projects at the expense
of integrated solutions that can maximize
economic and sustainability benefits.
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Targeted Research

To complement the findings from interviews, consultations, and site visits with experts, innovators and
stakeholders from Washington and beyond, the team also conducted several lines of targeted research and
analysis to strategically expand our understanding of the agriculture sector’'s symbiosis opportunities and
challenges:

1.

2
3
4.
5

A Quantitative Assessment of Agriculture Symbiosis Opportunities

. Technology Development Review and Evaluation of Benefits

. High Level Review of Policy Context

Compilation of Select International Agriculture Symbiosis Projects

. Overview of California’s BEAM Initiative

Key findings from these five lines of targeted research are presented next, while detailed findings are
presented in Appendices A through D.
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1. Quantitative Assessment of Agriculture Symbiosis Opportunities

Refer to Appendix A for further information.

The Quantitative Assessment Appendix focused on identifying opportunities through sector-wide
inventories and geospatial analysis to discern general solutions and symbiosis pathways with the largest
overall potential impact. This analysis is useful for delineating opportunities for large corporate
development or policy makers. This work consisted of several key steps, including creating a facility
database with more than 1,000 entities involved in agriculture and food manufacturing, characterizing the
supply chains of several of the state’s most important agriculture products, and analyzing potential uses

for waste biomass and heat.

KEY FINDINGS

Opportunities Vary by Location

The highest value agricultural supply chains are mostly
concentrated in Eastern Washington. In particular, the Yakima
Valley and Mid-Columbia Basin present attractive opportunities
for symbiosis because they are home to both producers and
processors. Supply chains for several commodities of interest
like apples, potatoes, beef, and grapes are almost completely
contained within this area while dairy also has a major
presence. The Detailed Supply Chain Appendix describes where
different feedstocks are produced in addition to other
considerations like seasonality and competition from other users.

Technologies Must be Appropriate for Small & Medium Scales
Most agricultural commodities in Washington generate waste
biomass that is a challenge to manage. Because this biomass
typically has a high moisture content, transportation is
expensive, particularly over long distances. Additionally, no
single commodity is available at a large enough volume to
support a facility that is dependent on a large scale to be
profitable, like an advanced biofuels or biochemical
manufacturer. Typically, these plants are most profitable at
scales that use hundreds of thousands of tons of feedstock
per year, which would place the demand for waste near the
annual incoming capacity of many primary processing plants,
let alone their waste output. The largest fruit processors use
between 100,000 - 200,000 tons per year and the largest
potato processors use between 200,000 - 450,000 tons per
year. Reflecting this, emphasis should be placed on
technologies such as anaerobic digestion and others that can
accept a diverse range of feedstock throughout the year and be
built at a variety of scales.

Re-use is an Important Component within Agricultural Waste
Management

The default use for much of the waste from the Washington
agriculture sector is focused on relatively low value uses that
mitigate disposal costs. For instance, biomass is frequently
sold for cattle feed, and much of the wastewater from fruit and
vegetable processors is used to irrigate local fields during the
growing season. Neither of these applications generate
significant revenue and both are also subject to significant
limitations. High moisture and low energy content in biomass
like fruit pomace and potato trimmings cap feed rates in cattle
rations. Use of wastewater for irrigation requires that the
generating facilities be near irrigated fields. Irrigation can only
be done during the growing season, and there are maximum
levels of organic and inorganic materials that can be present in
the water.

Low-level heat

As discussed in the Heat Sharing section of Appendix A, waste
heat generated by most agriculture processors is low-grade,
meaning it is difficult to capture and use compared to heat
generated by other heavy industries. Despite this, waste heat
from processors may be useful for several purposes like
preheating water for steam, heating water for sanitation,
supplying heat for biological processes like fermentation, and
space heating. Some of the most likely customers of this low-
grade waste heat within the agriculture sector include wineries,
which maintain consistent cellar temperatures throughout the
year and fish hatcheries, which use heat to encourage
biological processes. Campus-style non-industrial facilities
that use natural gas to heat their facilities, like college
campuses and hospitals, may also be able to use waste for
space heating.
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2. Technology Review and Evaluation of Benefits

Refer to Appendix B for further information.

Based on the evaluation of potential biomass types and flows within our agricultural system, a literature
review was conducted to explore anaerobic digestion and developments that might be applicable to
agriculture symbiosis projects in Washington State and to evaluate the potential environmental and
economic benefits of adopting those technologies in the near term and in the future.

KEY FINDINGS

Among existing, well-established technologies applicable to
agricultural waste streams, anaerobic digestion (AD) offers
great opportunities for agriculture symbiosis projects in
Washington State. Through AD, wet organic wastes from food
processors and manure can be converted to biogas which may
be used to produce renewable natural gas (RNG). The
subsequent use of the RNG not only provides a renewable
energy source for combined heat and power (CHP) or as a
feedstock for sustainable liquid fuels, but it also eliminates the
emission of greenhouse gases (carbon dioxide or methane)
from the decomposition of this waste.

The composition of the feedstock used in AD directly
influences the biogas yield and quality, and combinations of
different wastes may be most productive. Carbon/Nitrogen
(C/N) ratios between 25-30 are considered optimal for digester
functioning. Fruit waste as a single substrate can lead to a
rapid decrease in pH due to the high sugar content, thus
inhibiting biogas and methane production.

Agriculture symbiosis projects utilizing mixed waste streams
have the greatest potential to maximize biogas production.
For example, adding manure as a source of nitrogen to the fruit
waste substrate may considerably increase biogas and
methane yields. Alongside manure, supplementing
lignocellulosic biomass (such as crop residues) to the fruit
waste-manure substrate may result in yet higher biogas and
methane yields. Biomass pretreatment prior to anaerobic
digestion may be used to improve digestion yields.

Transportation is a key consideration for biomass, particularly
wet wastes, because they are heavy due to the high moisture
content, and are therefore costly to transport. Solutions to
optimize logistics include analysis to find areas where wastes
are produced in proximity across sectors, co-location of waste-
generating entities, piping when wastes will be generated over
the long-term at short distances from each other, and - when
trucking is needed - utilizing clean fuels for transportation to
reduce the carbon footprint.

An analysis of existing RNG facilities suggests that AD is
underutilized in Washington. The RNG production potential is
vastly underutilized in the United States, with existing facilities
representing less than 20% of the total potential nationwide.
Washington State currently ranks 22nd of 50 states.

Agriculture symbiosis projects that use AD technology have
the potential to generate capital investments, permanent jobs,
and additional revenue within the agriculture sector in
Washington while benefiting the climate. The energy
generated by a digester comes from biomass and therefore
climate benefits are generated by displacing fossil-based
natural gas, heat, and electricity. In some cases, climate
benefits also result from reducing methane and carbon dioxide
emissions from current waste management practices.

Among emerging technologies, hydrothermal liquefaction
(HTL) presents potential future opportunities for agriculture
symbiosis applications in Washington State. HTL, which is
not yet commonly used at commercial scale, converts
agricultural wet waste streams into biocrude and
subsequently biofuels. HTL can be used to treat a diverse
range of waste streams, including food waste, sludge,
manure, oil, fats and grease, and others.

Other technologies for wet wastes, e.g., bioconversion, fungi-
based treatments, vermicomposting, microbial fuel cells and
others, may be suitable for small scale opportunities.
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Royal Dairy

A large, family-owned dairy worked with BioFiltro to establish a 7-acre worm-bed processing system for
dairy wastewater.

PRE-SYMBIOSIS BENEFITS

+ Greenhouse gases and ammonia are produced when wash water sits in dairy lagoons, the

typical process for settling out solids when vermiculture isn't used. Removes odor and

ammonia, and inhibits the

+ Additional water usage was required prior to recycling of dairy wash water. production of greenhouse

gases from dairy waste.

SYMBIOSIS IN ACTION Produces an amendment
: that can be applied to
: regenerate soil health and
+ Liquids flows through large beds made up of gravel, wood chips, and worms — this help sequester carbon.
cleans the water and reduces nutrients to the point where it can be land-applied or ;
reused as wash water.

» Wash water from milking barns is treated in the worm bed and reused on-farm

: Removes 80% of nitrogen
+ Once the wood chips are largely broken down, they are rich in worm castings and every from wastewater and
couple of years the top layer can be harvested and used as a fertilizer that is full of :

. . reduces phosphorous
beneficial microbes.

: and other problem
+ Wood chips are sourced from local “retired apple trees” which are traditionally burned. nutrients. Remainder can
. . . li fields.
» Cows are fed a diet of 12 locally grown ingredients. iz el sl
+ Crops are rotated so that the cow’s manure adds nutrients to the soil; a variety of cover
crops keeps the soil in place. Crops are beneficial to carbon sequestration when
combined with minimal tillage and effective manure management practices.

+ Cows are fed farm wastes that don’t meet standards for human consumption: potato
skins, apples, carrots and peas that are the wrong size.

+ Symbiotic relationship with Allred family apple and cherry farms - “the soils and the
ruminants and their byproducts, and the cover crops are all working together...”

KEY TAKEAWAYS
Vermiculture can effectively reduce nutrients in dairy wastewater, This technology is scalable and can work for large
prior to the formation of potent greenhouse gases that are normally operations like Royal Dairy, as well as smaller ones.

produced in lagoons.
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3. Overview of Policy Context
Refer to Appendix C for further information.

To provide a better high-level understanding of where and how existing policies are shaping the
development and implementation of agriculture symbiosis, the team summarized and contextualized
some key elements of the policy landscape. The goal of this work was not to dig into the details of
particular regulations, grant programs, or other support. Instead, the goal was to identify major areas in
which existing policies are relevant to industrial symbiosis in the agriculture sector.

To identify the most important policy-related opportunities and barriers relating to agriculture symbiosis
in Washington, the team summarized key policy lessons from the stakeholder interviews carried out by
CSI. To place these insights into a broader context, the WSU team then reviewed recent Washington- and
Northwest-focused road-mapping efforts related to specific industrial symbiosis technologies with
agricultural applications for policy-related insights; key elements of the state policy landscape; and the
academic literature relating to industrial symbiosis policy.

KEY FINDINGS

Agreement that Incentive-Based Programs are Key to Create Rapid development of state and federal policy in the areas of
Opportunity. Many current regulatory policies such as waste energy, climate, and solid organics is supporting opportunities
diversion laws and clean fuels programs have been praised by for agriculture symbiosis. Ensuring that these opportunities are
the stakeholders that were interviewed, including those in the realized may require better access; for example, some federal
agriculture industry, for helping catalyze agriculture symbiosis opportunities may be unclear or difficult to navigate. It will
opportunities. However, there is broad stakeholder agreement also require understanding where alignment (or realignment)
that incentive-based policies would be most helpful in creating of policy at multiple levels can ensure greater returns and
opportunity moving forward. Incentives play an important role greater impacts for symbiosis innovation. For example, the

in reducing risk that accompanies the implementation of new recently passed HB 1799 requires the diversion of organic
technologies and processes, and in reducing the need for high material from the landfill. As local jurisdictions and businesses
capital investments. Some stakeholders suggested that the begin recovering this post-consumer waste, an opportunity may
state could continue and expand support for agriculture exist to create low-carbon energy such as renewable natural gas
symbiosis projects through existing or new grant programs, or liquid fuels. Local jurisdictions could consider collaborating
while others had a variety of other ideas, including support for with nearby industrial facilities to promote symbiosis

market development, for research and development activities opportunities. These collaborations can ensure these renewable
more generally, or for feasibility studies. Incentives could be energy facilities can obtain the feedstock necessary to create
tailored to address existing issues in the agricultural industry low-carbon fuels. Likewise, local jurisdictions could review their
while providing support for engaging in new forms of symbiosis. organic waste disposal requirements for business and
Stakeholders were clear that regardless of the type of incentive, residences, to ensure that they encourage, rather than

it is essential that any programs are easy to navigate so that discourage or prevent symbiosis opportunities.

the opportunities are obvious to those in the industry.

A Role for the State to Facilitate Convening Opportunities in
Support of Agriculture Symbiosis. Stakeholders suggested
that a high priority need is a forum for those in the industry to
convene with each other and with other stakeholders
(government/agency, academic, non-profit) to exchange
information, ideas, and best practices; identify common
challenges and opportunities; and develop next steps where
consensus exists. Incentives and collaborative opportunities
can work hand-in-hand to reduce risk related to implementing
new symbiosis approaches.
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Business-as-usual regulatory language and processes can
limit innovation and can be a particular barrier for newer
agriculture symbiosis technologies. Because almost all
symbiosis projects include industrial facilities, some of them
quite complex, developing projects need to navigate existing
regulatory requirements. This often includes (but is not limited
to) air and water quality permitting, and sometimes solid waste
permitting or water rights/water supply. Permitting needs and
pathways can be unclear for newer technologies (i.e., those
that are not business-as-usual), and this can create delays,
added costs and added uncertainty. Regulators — as well as
those implementing agriculture symbiosis projects — have an
important interest in ensuring the protection of both public and
environmental health. And yet facilitating efficient pathways for
appropriate oversight and permitting is a key need.

Ensuring policy coordination and alignment is helpful. The
web of policies that encourage or discourage agriculture
symbiosis projects is highly complex. Agriculture operates within
multiple policy areas, including renewable energy, air, water,
climate, organic solid waste management, and soil health. These
policy areas have historically developed separately, with little
attention paid to the connections between them. At the state level,
there are few explicit mentions of symbiosis in policy, and most
current policies have a more singular focus (e.g., promoting
biofuel production). Many symbiosis relationships are maximally
beneficial when resources are transformed (e.g., organic waste to
energy, wastewater to fertilizer, etc.) and transferred across
sectors, but navigating across siloed policy areas can be difficult
since policies may be misaligned, explicitly or implicitly
prohibitive, or unclear.

20

Sustained symbiosis thrives when there are both private
economic and public policy incentives designed to
perpetuate transactions. A range of existing policy analyses,
and Washington's experiences with various technologies,
suggest that economic benefits must be sustained in order
for industrial symbioses to persist over time. As markets and
incentives change, symbiosis projects may need to pivot or
generate different products to remain viable. Within this
context, policy does have a role to play in encouraging
industrial symbiosis, especially for new areas and new
technologies that are likely to be economically viable long-
term but may have significant up-front costs. In this case,
incentives play a role in reducing and rewarding the risk
assumed by the early adopters.
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4. Compilation of Select International Agriculture Symbiosis Projects

Refer to Appendix D for further information and additional examples.

Our global scan of relevant agriculture symbiosis examples resulted in profiles describing what we think
are the most interesting case studies that may hold lessons for Washington practitioners.

KEY FINDINGS

Denmark’s decades-long history and the nation’s ongoing focus
on improving symbiosis cooperative agreements and technical
expertise has resulted in a variety of projects where agriculture-

relevant waste byproducts are re-purposed by the agriculture
sector and other industries:

+ Solrgd Biogas utilizes more than 190,000 tons of
biomass feedstocks annually from local industry waste
streams. They process pulp, pectin, and carrageenan
from biotech processers as well as manure from local
farms to produce heat and electricity to replace fossil
fuels. Their processes also result in non-fossil
fertilizers.

GreenlLab Skive, a ‘green energy park of the future’ is
producing clean heat, animal proteins, electro-fuels, and
other products from agriculture and other waste
streams at, as of this writing, five private industrial

Other nations across Europe feature advanced agriculture
symbiosis operations:

+ United Kingdom'’s British Sugar factory in Wissington is one
of the largest beet sugar operations in Europe. They strive
to utilize all waste byproducts, and methane generated
from anaerobic digestion provides fuel to a combined heat
and power plant, which provides carbon dioxide to a
horticultural complex.

Sweden'’s Sotends Municipality in Gothenburg converts
organics, including aquaculture waste from fish farms, into
fertilizer and biogas. Other aquaculture byproducts serve
as inputs for production of algae onsite.

Germany’s Biowert Biorefinery, near Frankfurt, converts
grass to biobased plastics while producing renewable
energy and biofertilizers as coproducts.

facilities. Investment to date totals over $400 million. A
noteworthy organic input, invasive starfish, is featured in
Danish Marine Protein’s process to produce
supplemental protein for animal feed.

South Asian and East Asian nations are making significant
progress developing agriculture symbiosis partnerships, but
English-language resources describing their operations are
limited.

Kalundborg Symbiosis, one of the oldest examples of
symbiosis in the world, is located in the City of
Kalundborg in Denmark. It is estimated to save the city
$28 million annually by recycling water, energy, and
materials between the 16 participating public and
private entities. Together these partners offset 600,000
tons of carbon dioxide emissions annually. They are
supported by a local multi-utility that directs the flow of
water, wastewater, district heating and other resources.

+ In India’s Nanjangud Industrial Area, located in a region that
is rich with sugar and coffee producers as well as other
farms, 45 companies have partnered to collectively process
900,000 tons of organic waste residues. It is estimated that
99.5% of residuals are recycled at least once.

+ China’s Guitang Group in the Guangxi Zhuang Autonomous
Region leverages sugar cane residue to produce paper,
alcohol, calcium carbonate, cement, and power.
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Vashon Bioenergy Farm

Chomp, formerly Impact Bioenergy, has invented a small-scale, modular anaerobic digester and deployed
a pilot system at a tofu factory on Vashon Island.

PRE-SYMBIOSIS

+ Disposal costs were higher because organic waste was
transported off-island; more fossil fuels were needed for

heat and powering trucks.

SYMBIOSIS IN ACTION

+ The pilot system at Vashon Bioenergy Farm transforms the waste
from Island Spring Organics tofu production process into an organic

liquid fertilizer and ‘organic’ renewable natural gas (ORNG) that

replaces natural gas on-site or in vehicles.

SYMBIOSIS IN PROGRESS

* In coordination with Zero Waste Vashon, Chomp is considering a
bigger aerobic/anaerobic system for collecting additional organic
waste from the community (commercial, residential and farm waste)
to process on-island and reduce the need to transport waste off-island.

Anaerobic
digester
- "&,‘i"&&:“

organic

s .
BIOENERGY FARM

Food Processor
o

organic food & ¢
soil ammendments

B Agriculture

nutrient water
and solids
7

BENEFITS

+ Reduces fossil fuel inputs and costs in heat

and transportation; increases organic waste

recycling; creates a marketable product,

organic liquid fertilizer, that can offset the use

of fossil-based fertilizers; generates ORNG for

on-island use.

+ Reduces greenhouse gas emissions by

diverting organic waste from landfills: avoids

trucking and transportation emissions and
results in ORNG production on-site rather
than methane escaping from landfills.

+ Decentralized systems offer resilience and
energy independence.

+ These circular, closed-loop systems turn

food waste into renewable energy and

organic biofertilizer to grow more food.

t
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Anaerobic Anaerobic Digester systems
digestion can offset the cost of waste
(AD) is management for smaller food
feasibleona  processing businesses by
community converting moderate waste
scale. streams to value.

KEY TAKEAWAYS
Liquid Marketing
digestate innovative new
from AD can  products (like
be used as microbial
an effective fertilizers) is
fertilizer. challenging.

Sales of RNG for
vehicle fuel can be
more economical
than displacing
on-site natural

gas usage.

Creating close-looped
systems in hard-to-reach
locations, such as
islands, can greatly
alleviate costly
transportation and
associated emissions.
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5. Overview of California’s BEAM Initiative

The North San Joaquin Valley’s BioEconomy, Agriculture & Manufacturing (BEAM) Initiative in California
provides an agriculture-centered innovation cluster model that can inform thinking for a Washington
agriculture symbiosis initiative. This overview provides an introduction to the genesis and structure of
BEAM, but further investigation and knowledge exchange can more fully reveal lessons learned and their
applicability to supporting agriculture symbiosis in Washington, as suggested in Recommendation #3 in the

following section of the report.

The BEAM initiative grew out of an effort to build “a regional economy that is more diverse, inclusive,
connected, vibrant and resilient” and that identified bioindustrial manufacturing as its key strategy to achieve

those goals.

Bioindustrial manufacturing has strong overlap with agriculture symbiosis, in that both are about
repurposing wasted or underutilized organic resources, often amongst multiple companies, to generate
higher economic value with corresponding environmental and social benefits. A literature review and
interview with their executive director highlighted several relevant challenges they face and the strategies

they are using to address them.

KEY FINDINGS

A backbone organization that provides a clear locus of effort
and direct assistance is critical to overcoming barriers to
biomanufacturing. The initiative is driven by such an
organization, called BEAM Circular, that serves as the ongoing
“innovation engine” to advance and sustain bioindustry in
California’s agricultural hub.

Siloed, targeted regulatory and funding programs can create
barriers to projects that involve multiple parties, span siloes
and offer multiple benefits. BEAM provides sustained support
for identifying and addressing regulatory barriers to
bioindustrial manufacturing, which relies on sharing waste
streams and converting them to value.

Emerging carbon markets and ESG (environmental, social and
governance) investments offer access to new capital, but only
with certification and validation services that can prove project
performance across specific criteria, including
decarbonization. BEAM provides access to certification and
validation services that help companies prove triple-bottom-
line project performance to investors and public agencies,
facilitating private and public investment and bringing the
initiative to scale.

Addressing skills development and lowering non-skill barriers
to jobs and training (e.g., childcare, transportation) among the
workforce, particularly in rural communities, will increase the
skills and economic mobility of workers and drive inclusive
economic development. As these services flow to some of the

state’s most disadvantaged communities, they can help expand

access to opportunity and address geographic and racial
disparities for workers, their families and communities.

"Startup accelerator services” are offered by BEAM to help
individual businesses grow, as is common to many economic
development strategies. BEAM will offer the following
accelerator services to ramp up bioindustrial manufacturing:

+ Technical advice and mentorship

+ Access to testing and research facilities

+ Curated connections to potential customers and investors
+ Shared services like marketing support

+ Post-accelerator services for alumni firms designed to
encourage companies to stay and grow in the region, such
as assistance identifying space and recruiting employees

+ A Center of Excellence to provide ongoing locus of effort
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vi. Recommendations for the
Washington Legislature

This section provides recommendations for increasing the economic value
and sustainability of Washington's agriculture sector through the use of
industrial symbiosis principles. Because the scale and economic value of
the agriculture sector in Washington is so large, the potential for economic
benefit and value creation from sustainable resource recovery from the
sector’s energy, water and organic waste streams is also large in scale. The
recommendations offered here, therefore, are designed to give lawmakers
options to stimulate large-scale economic and sustainability benefits in the
agriculture sector.

The four key recommendations:

1. Coordinate and invest in agriculture 3. Help key state programs and industry to
symbiosis programs in concert with strategically align services to support
others supporting clean industry agriculture symbiosis innovators

2. Support market accelerator research 4. Forge collaboration agreements with
targeting key opportunities for countries and states who are symbiosis

agriculture symbiosis innovation leaders
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RECOMMENDATION #1

Coordinate and invest in agriculture symbiosis programs,
in concert with others supporting clean industry

Why this recommendation?

Agriculture is very important to the state’s
economy. The opportunities to optimize
resource use and reuse to benefit both the
bottom line for producers and their
sustainability performance appear to be
very significant, but still largely untapped.

Several key barriers constrain the ability of
Washington innovators to develop
agriculture symbiosis, including
competing demands for scarce capital for
upgrades and lack of experience with
symbiosis technology and processes.

Washington state boasts a wide range of
programs and investments to advance the
clean industry supply chain, many of
which have direct relevance to agriculture
symbiosis. To the extent these wide-
ranging programs are dispersed in state
government, they can be more difficult
than necessary to access for proponents
of integrated, multi-resource projects.

State grant investment targeting
innovative projects can be a powerful
catalyst for private investment, tipping the
balance to enable value-generating
projects to leapfrog barriers and pencil out
for all parties involved.

This recommendation suggests lawmakers
consider ways to:

Coordinate symbiosis programs with
others designed to support clean industry,
and

Invest targeted slices of the state’s clean
energy and climate funds for symbiosis
projects.
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COORDINATE

Washington state policymakers, recognizing the
benefits of supporting the clean industry supply
chain (see Section Ill), have adopted a wide range
of programs and investments in recent years,
across various segments of clean industry. Many
of these programs have direct relevance to
agriculture symbiosis. These segments range
from organics recycling to renewable natural gas,
sustainable aviation fuel, renewable hydrogen,
bioproducts, industrial energy efficiency,
sustainable farms, and more. In some but not all
segments, policymakers have adopted framework
legislation to strategically coordinate and focus
state policy and investment in a particular
segment. (see Summary of Policy Context in
Appendix C).

With so many state programs to support different
clean industry segments, agricultural and food
processing companies may not realize that such
opportunities are relevant to them, and
proponents of agriculture symbiosis and related
projects may find widely dispersed state
programs and functions difficult to navigate.
Legislators could help by investing in a one-stop
shop for clean industry projects to access state
financial and technical assistance, and to help
leaders of key state programs coordinate delivery
to better support great projects to overcome
hurdles and advance toward fruition.

Symbiosis projects face unique barriers because
they connect separate companies for mutual
benefit, but forging these links is not in anyone’s
job description. Symbiosis enables companies to
look across market segments at the whole supply
chain to identify synergies that can optimize
economic benefits and sustainability
performance. But for many companies, the
pressures of achieving profitability within their
niche consume most of their attention.

A single point of state government contact to
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access assistance and support can make it much
easier for symbiosis project proponents to benefit
from state support. Valuable services could include:

+ Helping project proponents to navigate the
complex landscape of regulations, incentives,
and permitting, and access the full range of
funding sources for which projects are eligible.

+ Providing a ‘case bank’ of successful symbiosis
projects, and benefit-cost analyses to help
participants make go/no-go decisions on
specific technology investments.

+ Offering skilled symbiosis facilitation services to
help separate companies forge resource-sharing
partnerships for mutual economic benefit.

+ Helping projects commission highly-credible
third-party performance evaluation to show
public and private investors the economic and
environmental returns on investment in such
projects.

INVEST

Additional public investments in agriculture
symbiosis could help to address stakeholders’
wishes for a more incentive-based approach to
symbiosis. These can act to de-risk projects through
guaranteed payouts over multiple years, and/or
reduce initial start-up costs for innovative symbiosis
projects. State investments could also position
Washington’s symbiosis innovators to attract private
investment and better compete for federal funding,
which often requires matching funds.

Other regions and countries have had success in
stimulating innovation in agriculture symbiosis
projects through targeted investments. In addition to
the BEAM Initiative in Central California, several
international examples are described in Appendix D.
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Washington has a history of incentivizing
technology innovation in targeted areas to
stimulate strategic sectors and opportunities, and
the state is already a national industrial symbiosis
leader. The 2021 Legislature adopted the nation’s
first statewide IS program, and appropriated a $2
million funding pool for the 2023-2025 biennial
budget. The Department of Commerce is
distributing these funds through competitive grants,
with demand (reflected in applications to the IS
program) already outstripping available funds.

To scale up state support for symbiosis and the
clean industry sector broadly in Washington,
policymakers could consider carving out symbiosis
and clean industry programs within the state’s two
biggest, most directly relevant funding programs.
The Clean Energy Fund (CEF) and the Climate
Commitment Account (CCA) are both designed to
speed Washington'’s transition to zero climate
pollution by scaling 21st century clean
technologies, while growing Washington jobs and
businesses in the clean economy.
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Examples of existing targeted carve-outs programs
include the Rural Clean Energy Innovation Fund
(4.9 million in early 2023) and the Research,
Development, and Demonstration Program ($8.5
million in 2022). Program carve-outs like this can
advance innovation and help Washington
organizations to attract federal and other matching
funds.

Although agriculture symbiosis projects are eligible
for some CEF and CCA funding, a more targeted
approach to invest in the agriculture sector could
help bring visibility and coordination to this
emerging approach. This approach would also
benefit a fuller geographic sweep of Washington
communities, many of whom face persistent
barriers to success. Because agricultural waste
resources are dispersed through many parts of the
state, the jobs and economic benefits from
investing in agriculture symbiosis will be
distributed statewide as well.
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Lamb Weston Richland

Lamb Weston's Richland plant processes organic waste to produce renewable natural gas (RNG) that will be
captured, processed, and distributed. The company also internally reuses water, heat and RNG at other facilities.

PRE-CIRCULARITY

+ Raw natural gas produced at Lamb Weston'’s Richland plant is generated at
their agricultural biogas recovery system and is currently being flared.

+ Water and heat demands are substantial and required significant resources
prior to implementation of circular practices in Oregon, Louisiana, and
Minnesota facilities.

CIRCULARITY IN PROGRESS

+ Lamb Weston has committed to sell raw renewable natural gas (RNG) made
at its Richland site to Pine Creek RNG who will finish the gas before selling it
to Cascade Natural Gas along with RNG from the nearby Horn Rapids Landfill.

CIRCULARITY IN ACTION

+ At some of LW's other facilities outside of Washington (including those in Delhi,
Louisiana and Park Rapids, Minnesota) RNG is captured and reused internally.
Process water treatment at these plants includes anaerobic digestion, using
potato waste to create renewable natural gas, which is used as fuel for each
site’s boilers, thus offsetting fossil fuel use and lowering carbon emissions.

+ Another example of internal reuse of resources that is closer to home can be
seen in the Hermiston, Oregon plant’s state-of-the-art water reuse system.
Process water is treated through anaerobic and aerobic processes and then
treated for reuse using ultrafiltration, reverse osmosis, and disinfection
processes before being returned to the production process.

BENEFITS

* In Richland, Lamb Weston’s

agricultural biogas recovery
system and the landfill are
expected to produce more than 2.5
million therms of RNG annually,
displacing the need for fossil fuel
based natural gas. This volume is
enough gas to serve approximately
4,173 Washington homes each
year with renewable fuel.

In Hermiston, their water reuse
system supported the expansion
of the Hermiston operation,
allowing them to add an additional
production line without using any
additional water . Clean water
leaving this site is used to irrigate
neighboring farms, delivering value
for growers while reducing
demands on local water supply.
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Support market accelerator research targeting key opportunities

for agriculture symbiosis

Why this recommendation?

Targeted research can play a role in accelerating
the deployment of new technologies and growth
of industrial symbiosis, contributing to
Washington’s leadership in this space.

Examples of the types of targeted research that
could accelerate agriculture symbiosis markets
and that were identified through research and
consultations include:

+ Forest products symbiosis

+ Capture and recycling of industrial waste
heat

+ Multi-resource, utility-enabled Symbiosis
Innovation Districts

+ Development of new markets and products
derived from organic wastes

+ Documenting the benefits provided by
agriculture symbiosis strategies

This recommendation could leverage current
efforts at some of Washington’s top research
institutions. For example, Richland sits at the
intersection of the state’s agricultural and energy
sectors. It is also home to the newly established
WSU Tri-Cities Institute for Northwest Energy
Futures (INEF). INEF emphasizes a system-level
approach to decarbonization of energy and
recognizes that adapting industry and agriculture
is a critical component of this goal. Pacific
Northwest National Laboratory’s (PNNL) Process
Development Units have long been used to
research HTL (hydrothermal liquefaction), a
process that converts wet wastes, like manure,
biosolids, or food waste, into crude-like oil that

can be used as a petroleum replacement.
Additional efforts from these institutions and
others can provide interdisciplinary expertise in
areas spanned by agricultural symbiosis like
water, organics and carbon cycling.

Five specific opportunities to accelerate
symbiosis markets through strategically targeted,
interdisciplinary research emerged from this
project’s consultations and research, including:

1. Forest products symbiosis

Like the agriculture sector, forest products facilities
use significant volumes of heat, water, and organic
material resources, and in the process often
generate significant heat, water and organic waste
streams. As with agriculture, they also face
daunting logistical challenges in moving heavy
waste products over significant distances, posing
added challenges to capturing value from waste.

Many key barriers and solutions for agriculture
identified in this report can be adapted to benefit
the forest products industry. But important
differences between agriculture and forest
products resource inputs and waste streams can
inform follow-on market accelerating research.
For example, the volumes of woody wastes
managed by the forestry sector tend to be much
larger than organic wastes in the agriculture
sector. Processing forest products may be more
heat-intensive than many food processing
operations. Woody wastes are mostly drier than
the primarily wet wastes from agriculture. The
crisis of forest fuel overloading across large
swaths of Washington’s forestlands, and planned
forest health treatments, may dramatically
increase the supply of forest waste requiring
processing for years to come.
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2. Capture and recycle of industrial waste heat

A primary use of energy for industry is for heating
and cooling, but inadequate attention has been
paid to understanding and developing cost-
effective strategies to decarbonize industrial heat
globally, nationally, and in Washington. New
research in the European Union, led by Denmark’s
Aalborg University, found that waste heat is “the
world’s largest untapped energy source,” and that
available waste heat in the EU is nearly equal to
total EU-wide energy demand for heat and hot
water.

The Heat Sharing section of Appendix A provides
a high-level assessment of heat sharing
opportunities and technologies applicable for the
Washington agriculture industry. A market
accelerator research initiative could expand on
this work by focusing initially on the agriculture
and forest products sectors by mapping industrial
heat demand and recoverable waste heat flows at
a more detailed level, and identifying locations
with concentrations of resource-intensive
facilities where greatest near-term economic and
sustainability gains can be achieved through
sharing of waste heat. The Northwest Combined
Heat-and-Power Program, a US Dept of Energy
initiative, housed in WSU'’s energy program in
Olympia, possesses invaluable expertise that can
be tapped to support this research initiative.

3. Investigation of multi-resource, utility-enabled
Symbiosis Innovation Districts
Industrial facilities in close proximity all require

resource inputs and waste management systems.

Utilities exist to bring expertise and patient, low-
interest capital to energy, water, and waste
management, and, in theory should be positioned
to develop and operate symbiosis infrastructure
and services that serve clusters of industrial
facilities.
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But most U.S. utilities are quite siloed, required to
focus on just one or two of the several resource
inputs and waste services needed by industry.
Utilities that are strictly siloed are poorly
equipped, and often constrained by regulation, in
deploying and managing multi-resource symbiosis
infrastructure. Dealing with multiple, siloed
utilities across an integrated industrial network
presents yet another barrier to industries seeking
to strengthen their bottom line through symbiosis.

Market accelerating research can inform
lawmakers on options to update existing laws that
authorize providers of energy, water, and waste
services, including cities and counties (Title 35),
port districts (Title 53), public utility districts (Title
54), and other utilities (Title 80). Researchers can
analyze how these laws might be adjusted to
expand allowed services to include all those
needed by industry and key to symbiosis, from
district heat and cooling, to recycling of waste and
wastewater, to carbon management. They could
also look at options to explicitly authorize
Symbiosis Innovation Districts that leverage the
strengths that utilities bring, while enabling more
flexible, nimble, efficient, multi-resource utility
enterprises that can develop richer, integrated
symbiosis opportunities and infrastructure.

4. Development of new markets and products
derived from organic wastes

Beyond energy, industrial symbiosis technologies
can potentially generate a range of other products
from organic wastes, while addressing both
resource and energy flows. These can include
clean soil amendments, along with other
products, ranging from biochars, to specialty
chemicals and functional fillers for polymers,
lubricants, proteins for livestock, fish, pets or
humans, and building materials.
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Myno Carbon Kettle Falls

Myno Carbon is building a large-scale biochar production facility integrated with Avista’s Kettle Falls

Generating Station.

A Washington startup that aims to build large-scale carbon removal facilities that profitably remove and sequester
carbon to mitigate the climate crisis and meet the needs of industry partners. The facility will intake wood waste from
several sources and convert it into biochar, and also convert waste heat into renewable electricity.

SYMBIOSIS IN ACTION

* Biochar production converts
wood wastes from timber slash
and mill residuals into biochar,
which is in turn used as a soil
amendment to be applied to
agricultural lands and
forestlands.

Waste heat from biochar
production is used to pre-heat
water for steam generation of
renewable electricity at the
Avista generating station.

* Myno is exploring utilizing the
biogenic gas emissions to
weatherize basalt as a
secondary soil amendment.

SYMBIOSIS IN PROGRESS

* Renewable electricity generated from steam
using waste heat can be used to electrify
heavy duty trucks, reducing transportation
emissions.

Biochar can be sold as direct-to-consumer
products and generate carbon reduction
credits as well as support the decarbonization
of other industries.

« Efforts to work with WA DNR, USFS, and tribal
partners, including the Colville Tribes to
procure additional feedstock from forest
health treatments (forest thinning waste) will
come online in the next few years.

+ No agriculture feedstock is planned for the
facility, but they will explore opportunities as
they arise.

BENEFITS

When applied to soil, biochar
sequesters carbon dioxide and
reduces nitrous oxide emissions.
It also helps retain more water
and nutrients in the soil, requiring
less fertilizer be purchased and
reducing emissions from fertilizer
production.

Biochar production can sequester
carbon from forest waste rather
than slash pile burning, reducing
greenhouse gas, toxic emissions,
and wildfire risks.

CARBON REMOVAL FACILITY INTEGRATED WITH UTILITY POWER PLANT

SUSTAINABLY SOURCED FOREST AND

AGRICULTURE WASTE BIOMASS

GRINDING

%

-

DRYING

CARBON REMOVAL CREDITS

PRODUCER
GASES

WASTE
HEAT

KEY TAKEAWAYS

CARBOMN OFFSETS

CARBON-NEGATIVE ELECTRICITY

Co-locating biochar production at a power-generating station
unlocks many efficiencies, including the ability to capture waste
heat generated during biochar production for power generation.

Washington’s farm and forest lands produce huge quantities
of biomass that can be put to higher value use, with the
primary bottlenecks being logistics and transportation.
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Higher value products (on a pound-for-pound
basis) can provide profitable — though often
smaller — markets, that can enhance profitability
for some symbiosis projects. Applied research
can support market development for such
products by helping demonstrate performance,
addressing user questions, and providing
guidelines for use for new bioproducts. State
investment in bioproducts innovation can attract
federal investment, which has recently ramped up
in this area, particularly at USDA and DOE.

5. Document the benefits provided by agriculture
symbiosis strategies

Agriculture symbiosis relationships offer both
economic and environmental benefits, and in
many cases corresponding social benefits.
Delineating the various benefits of these projects
helps these entities showcase their contributions
to stakeholders, funding agencies and the public,
and enables comparison to other models that can
inform wise policy decisions on programs and
funding. It can also encourage others to adopt
these newer approaches, based on sound,
common sense science.

Over time, credibly measuring costs and benefits
of agriculture symbiosis will inform and help
projects excel at optimizing economic,
environmental and social performance. State
investment in these efforts can also spur
additional technology development aimed at
maximizing benefits alongside improving
economics.

32



PROJECT PROFILE #6

86

Edaleen Cow Power

A key example of in-house circularity using anaerobic digestion (AD)

PRE-CIRCULARITY

+ Manure and its nutrients are valuable byproducts from the dairy farm that

were not being fully utilized.

+ Costs and environmental concerns resulting from chemical fertilizer use

+ Wood shavings used for cow bedding grew more expensive and harder to

find when housing construction slowed in the region.

CIRCULARITY IN ACTION

« Dairy farmers are the original recyclers; producing a product, milk, and using

byproducts, manure, to fertilize crops to feed back to cows to produce more milk,
and more manure, to continue the cycle.

+ Anaerobic digestion efficiently produces and captures biogas from the manure,

then a system of solids separation extracts fibrous materials for re-use as cow
bedding. Any remaining solids are land-applied to crops. The digester allows the
farm to capture the biogas from manure to be used for renewable energy,
advancing the farm'’s historical practice of recycling.

Remaining liquid is treated to produce a stackable, truckable, phosphorous-rich
solid to be used as fertilizer and a liquid that has a significantly reduced and well-
balanced nutrient concentration.

In 2022 the AD system required new investment to keep it maintained and
operational. 3Degrees, a renewables and decarbonization firm, agreed to finance
the project, and is now selling the digester electricity into transportation markets
and capturing clean fuel standards credits.

BENEFITS

+ Reliance on chemical fertilizers is

reduced when AD nutrients are
land-applied.

+ There is no more need to purchase

and transport cow bedding.

Results in carbon-free electricity
production.

+ The system allows for a fine-tuned

nutrient management process.

« After ten years the digester has

supplied enough emission-free
electricity to power 380 local
homes while improving climate, air,
and water quality, according to
Bryan Van Loo of Regenis, who
operates the AD for Edaleen.

Large AD systems incur maintenance costs as they age, but there
are innovative new financing options to extend renewable energy
production with existing infrastructure.

Dairies can make good use of AD byproducts on-site,
including fibrous materials and phosphorous-rich
solids for fertilizer.
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Help key state programs and industry to strategically align
services to support agriculture symbiosis innovators

Why this recommendation?

+  While symbiosis offers economic
advantages, its implementation presents
barriers that individual businesses are often
ill-equipped to overcome. Symbiosis is
about finding higher value through new
networks, partners, technologies and shared
infrastructure, and establishing symbioses
may often take businesses beyond their
capacity or areas of expertise and control.

+ Securing capital investment to support less
established, multi-party approaches like
industrial symbiosis can be a constraint. An
effective backbone organization can bring a
variety of tools to overcome barriers and
facilitate public and private investment.

This study has revealed multiple opportunities
across Washington to use symbiosis to create
new earnings and multiple benefits in the ag
sector. But it has also identified challenges. The
nature of symbiosis is such that individual
companies are often ill-equipped to unlock the
potential of innovative, value-adding resource
exchanges between multiple companies or
sectors. Successful symbiosis relies on new
networks, partners, technologies and often shared
infrastructure and utility services.

An example can be found in Pasco, where food
processors initially received recommendations to
use algae for denitrification of their wastewater
with some skepticism. They had no knowledge of
this technology and perceived it to be unproven,
and so were concerned about exposing their
companies to excessive risk. The City, who
processes these companies’ wastewater, likewise

had no algae expertise. A modest $50,000 grant
from Commerce’s Industrial Symbiosis grant
allowed the City to dig into and ultimately decide
on algae as an effective, proven treatment option.
Algae will require significantly less energy over the
multi-decade life of the infrastructure, produce a
fertilizer as a marketable product, and save
money for processors and ratepayers. Without
this external support, this symbiotic opportunity
would have remained hidden from view.

While motivated entrepreneurs are finding ways to
overcome the barriers to profitable symbiosis in
some instances, addressing them in more
systematic ways will make broader adoption
faster and easier.

Washington has been pursuing an “innovation
cluster” approach in recent years through the
Department of Commerce’s Innovation Cluster
Accelerator Program (ICAP) to “help promising
industry sectors assemble the ingredients they
need to grow, such as access to capital, the latest
research and support for entrepreneurs.” While
ICAP offers a viable approach, additional funding
for the program would be needed to add any
clusters beyond the nine existing designated
clusters.

In considering options for providing the kind of
“backbone” support offered by cluster
organizations, an informative example can be
found in California’s BEAM Initiative (BioEconomy,
Agriculture & Manufacturing) in the agriculture
powerhouse region of the North San Joaquin
Valley. The BEAM Initiative arose from an
American Rescue Plan Act (ARPA)-funded
process committed to building “a regional
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economy that is more diverse, inclusive,
connected, vibrant and resilient” that identified
bioindustrial manufacturing as its focus. A cross-
sector working group of industry, government,
academic, and community leaders (including
former USDA Director Ann Veneman) developed a
multi-faceted ecosystem strategy to provide the
structure, capacity, and momentum to build an
effective innovation engine for bioindustrial
manufacturing. The benefits of the proposed
innovation engine are intended to flow to some of
the most severely disadvantaged communities in
California.

As with the BEAM Initiative, agriculture symbiosis
also sits at the intersection of agriculture,
manufacturing and the bioeconomy, so this
nascent initiative can likely provide helpful
lessons as Washington explores how it can best
support symbiosis as a means of increasing the
economic competitiveness and sustainability of
the ag sector.

One helpful service a backbone organization can
provide is high-level perspective on new uses of
resources, both to maximize valorization of
available feedstocks and prevent negative
unintended consequences that may not be visible
at the project level. For example, repurposing a
waste stream might generate new revenues but
disrupt existing, important “virtuous cycles” such
as returning certain biomass to croplands for soil
health. As new uses and exchanges of wastes
and by products expand, guarding against such
scenarios could prevent new problems and
minimize risk, both real and perceived.
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Whatever pathways are chosen to align state
programs to better support agriculture symbiosis
innovators, industry support, involvement and
leadership are essential. In fact, such leadership
is a prerequisite for clusters in the ICAP Program.
Efforts to foster alignment should closely
coordinate with Commerce’s Industrial Symbiosis
Program, where they are gaining valuable
experience and insight into the kind of support
agriculture innovators need, and how best to
provide it. These efforts should also engage other
programs that could support agriculture
symbiosis projects, such as the Industrial Site
Readiness Program and the Evergreen
Manufacturing Growth Grants.
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Forge collaboration agreements with countries and states
who are symbiosis innovation leaders

Why this recommendation?

+ Washington industry and policy leaders
benefit from knowledge exchange and
partnerships with other states and nations,
as our state’s collaborations with Denmark
on industrial symbiosis are demonstrating.

+ Such partnerships can result in the transfer
of research, best practices, technologies,
and policies that can improve economic and
sustainability performance of Washington
businesses.

This recommendation supports in the near-term a
formalized Washington-Denmark agreement to
collaborate on industrial symbiosis. Denmark is the
world leader in symbiosis, and public and private
agencies in Washington are already collaborating
with symbiosis leaders in Denmark.

The tangible outcomes and benefits that
collaboration agreements like this can offer to
agriculture symbiosis efforts in Washington include:

+ Knowledge exchange can enable
Washington’s industry innovators to develop
better, smarter, more cost-effective symbiosis
projects.

« Joint partnerships with companies elsewhere
who have deep experience developing and
operating symbiosis projects can result in
more successful projects that achieve greater
scale and benefits in Washington.

+ Washington innovators can also derive
inspiration from seeing the ingenious
technologies and solutions that others are
implementing which they may not have
otherwise imagined.

Two examples of collaboration agreements in
other areas that could be used as a template for
agriculture symbiosis are Washington’s
agreement with Norway for maritime
sustainability innovation, and an agreement with
the Netherlands for tree fruit innovation. Key
lessons can be gleaned from these collaborations
to inform the design of Washington’s symbiosis
partnerships to achieve better return on
investment for the state.
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Divert Longview

Divert is bringing online an Integrated Diversion and Energy Facility at the Mint Farm Industrial
Development Park in Longview.

PRE-SYMBIOSIS SYMBIOSIS IN ACTION
+ A large share of the region’s food waste ends up at the + Once Divert's Longview facility is brought online
landfill where it produces methane. Organic landfill waste (estimated sometime in 2024), it will receive food
is responsible for 15% of US methane emissions’ and waste from up to 650 grocery stores around the
10% of overall greenhouse gas emissions?. PNW, resulting in reduced organic waste from

participating grocers and reduced greenhouse gas

Wasted food represents a waste of the various resources eresiens e e wesa.

expended to grow, process, package and distribute that :
food, and includes associated greenhouse gas emissions + The company will use proprietary processing
throughout the process. solutions to de-package and anaerobically digest
: incoming food waste. Anaerobic digestion
generates biogas that can be used to produce
carbon-negative renewable natural gas.

BENEFITS
Resulting renewable natural gas will be pumped directly into the Because the facility will process significant amounts of
Cascade Gas distribution pipeline, offsetting the use of fossil gas. wasted food into carbon negative energy, it is projected to

offset up to 23,000 metric tons of carbon dioxide per year,
equivalent to taking roughly 5,000 gas-powered cars off the
road every year.

The facility’s analytics system will leverage Divert's loT (Internet of
Things) platform using hardware, sensors, and algorithms to deliver
data on the food waste stream to retailers so they can identify trends

and further reduce waste at the source. “Source reduction is always Divert's retail partners will be supported to meet their waste
the best solution and Divert is incentivized by its retail customer diversion goals to comply with Washington's HB 1799 and
contracts to prevent food from ever leaving the supply chain.” Oregon Metro's food diversion laws. Production of RNG

supports low carbon fuel standards in both states.
A solid digestate product is also produced through AD that can be

used as a soil amendment that supports and enhances composting.

> SR — N

J =7 1]

o

Prevent Provide Power

We invent transformative We take a people-first Our proprietary process

technologies and create approach by recovering removes carbon from the

fresh data to maximize edible food and donating it to food value chain by

the freshness of food and communities in need. converting wasted food into

prevent waste. renewable energy.

KEY TAKEAWAYS

Divert's rapid expansion nationwide over the past 16 years, shows demand Food diversion laws and carbon credit
from food retailers for this service, and that their model of processing markets are expected to further shift the
organic waste to produce RNG makes good economic sense. landscape in favor of this model.

1US EPA (2022), Basic Information about Landfill Gas
2 World Wildlife Fund (2021): “10% of all greenhouse gas emissions come from food we throw in the bin”
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Appendix A-1

Quantitative Assessment of the Washington
Agricultural Industry



1. Introduction

The successful integration of symbiosis concepts
into Washington’s agricultural industry is
dependent on the adoption of a system-level
approach that maximizes the value of the
industry’s three most basic resources: organic
material, water, and energy. One challenge to
symbiosis is identifying and communicating the
opportunities for collaboratively optimizing these
common resources to a multidisciplinary group of
ag and non-ag stakeholders that each use their
own vocabulary and operate from their own
perspective. For instance, industry specific terms,
like “bins of apples”, “bushels of grain”, and “cases
of wine” are all unfamiliar measurements of
volume to most people outside of a handful of
industry specialists among whom these are
everyday terms. Additionally, definitions of basic
terms, like “large-scale” and “small-scale”, can be
vastly different based on context. The largest
winery in Washington has the capacity to crush
approximately 50,000 tons of grapes per year, while
the smallest frozen French fry manufacturer far
exceeds that amount with an annual capacity of
more than 200,000 tons of raw potatoes per year.

The quantitative assessment, which serves as a
complement to the interviews and analysis also
conducted for this report, is designed to provide a
broad perspective of the agricultural industry to a
general audience. Instead of working directly with
stakeholders to highlight individual projects, this
methodology focused on identifying opportunities
through sector-wide inventories and geospatial
analysis to discern general solutions. By evaluating
generalized solutions, we can emphasize symbiosis
pathways with the largest overall potential for
economic and environmental impacts.

2. Methods

Throughout the quantitative analysis, we placed an
emphasis on attaining data from publicly available
resources. This decision is meant to help facilitate
future work, as the data presented is constantly
changing along with the agricultural industry.

A-1.1

2.1 Facility Database

The agricultural industry is dependent on a
complex network of facilities that link farms to
retailers. One major undertaking of this project
was to aggregate a database of facilities that
either store or process agricultural goods from
the sources listed in table A-1.1. For each
facility, several types of key information was
recorded including: coordinates, address, input
materials, output materials, and operating
status. When available, additional information
about capacity, ownership arrangements, and
waste management plans were also included in
the database. Although the database has more
than 800 facilities documented in it at the
conclusion of this project, we acknowledge that
not every supply chain participant has been
included.

Information about several types of facilities is
available through specialized databases, but
information about many of the processors that
may pose the best opportunities for symbiosis
were collected using the Washington
Department of Ecology’s Water Quality
Permitting and Reporting Information System
(PARIS) [2]. Within this database, common types
of facilities like wineries, confined animal
feeding operations (CAFOs), and fruit packers
are regulated using sector-specific general
permits that simplify the permitting process by
using a standard format.

For other processors, we used data collected by
the WSU Energy Program as a starting point [1].
We supplemented that data using two types of
permit documents from the PARIS database.
Permit “fact sheets” contain useful information
about the history, industrial processes, and
waste management plans for facilities. Often,
the fact sheet contains all the information
necessary for the ag processor database, but in
some cases, permit applications can be an
additional source of information, particularly
about the amounts and types of material input
and output in a typical year.



Table A-1.1: Sources used to construct the facility database

Facility Type

Source

Detailed Source

Collection Notes

Food Processors

Agricultural Product
Processors

Agricultural Product
Processors

Fruit Packers

Confined Animal
Feeding Operations

Ag Waste Digesters

Wineries

Wineries

Milk Processors

Milk Handlers

Public Refrigerated
Warehouses

Public Companies

WSU Energy Program [1]

Washington Department of
Ecology, Water Quality
Permitting and Reporting
Information System (PARIS) [2]

City Water permits

Washington Department of
Ecology, Water Quality
Permitting and Reporting
Information System (PARIS)
(2], [3]

Washington Department of
Ecology, Water Quality
Permitting and Reporting
Information System (PARIS)
(2], [4]

United State Environmental
Protection Agency AgStar
Database [5]

Washington Department of
Ecology, Water Quality
Permitting and Reporting
Information System (PARIS)
(2], [6]

Liquor and Cannabis Board [7]

United States Department
of Agriculture, Agricultural
Marketing Service (AMS) [8]

United States Department
of Agriculture, Agricultural
Marketing Service (AMS) [9]

Homeland Infrastructure
Foundation-Level Data
(HIFLD) [10]

10-K reports filed to US
Securities and Exchange
Commission (SEC) [11]

See Below

Included all active
facilities with fruit
packer general
permits

Included all active
facilities with CAFO
general permits

Included all active
facilities with
winery general
permits

Dairy Plants
Surveyed and
Approved for USDA
Grading Service

Regulated Pool
Distributing &
Supply Plants

Public Refrigerated
Warehouses

Permit applications
contain data about
fruit types and
capacity

Manure Pollution
Prevention Plans
(or MPPs) contain
relevant information

Information about
crush and wine
capacity is included
notice of intents
(NOls)

Can help identify
ownership changes
and changes over time




2.2 Areas of Interest

Agricultural Industrial symbiosis is a big concept.
And even with advanced analytical tools, we
found it impractical to characterize every
potential application at an adequate level of
detail. Instead, we determined the approach that
would result in the most valuable information
should begin with a series of high-level inventory
assessments that could be used to identify areas
of interest that would receive more detailed
analyses. The high-level assessments were
focused on the following criteria:

* Monetary value and employment:
Characterizing the various segments of the
agricultural industry based on the money
they generate and number of people they
employ is likely the first approach that is
taken by people unfamiliar with the industry.
So, it is useful to frame the industry using
this basic approach before exploring
alternatives that better illustrate
opportunities for symbiosis.

Processing volume and processing hubs: Ag
supply chains often consist of multiple
stages that include harvest, storage,
shipping, and processing. Of these stages,
symbiosis is most likely to occur at
processors because they aggregate large
amounts of biomass and use energy-
intensive methods to convert raw goods into
value-added products.

« Change Over Time: Segments of the ag
industry that have changed the most in
recent years are more likely to result in
waste, as they are less likely to fit within the
handful of well-established cooperative
elements that took years to develop and
mature within the existing industry.

+ Large number of similar facilities: Some
industries that are dependent on many
smaller-scale facilities have waste problems
because waste utilization often requires
large economies of scale to be feasible.
Community-level symbiosis projects could
collectively result in the scale needed to
support these types of facilities.

3. Results

3.1 Monetary Value

One of the focuses of the quantitative assessment
is to identify opportunities to improve the economic
performance of the agricultural industry. Minor
improvements to the most valuable segments of the
industry could result in significant overall
improvements. Figure A-1.1 shows the value of
agricultural commodities marketed from farms in
2021 [12]. The chart shows that almost 60% of the
total value was concentrated among the 5 most
valuable products: apples, cattle, milk, wheat, and
potatoes. But 10 distinct product types (not hay or
other) were valued at more than 100 million dollars
in revenue, demonstrating that a diverse range of
products are generated by the industry. It is also
significant that the five highest value products are
spread among several sub-categories, as fruits,
grains, vegetables, and livestock are all represented.
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Figure A-1.1: 2021 value of agricultural commodities from Washington

The value of the agricultural industry also varies
geographically. As shown in Figure A-1.2 [13],
most value is generated in Eastern Washington,
especially in the Yakima Valley and the Columbia
Basin. The Yakima Valley, which includes Yakima,



Kittitas, and Benton Counties, is an important
contributor to the fruit, vegetable, and livestock
sectors, as the counties combined hold 41% of
total apple acreage, 56% of total grape acreage,
25% of potato acreage, and 41% of the state’s dairy
herd. The Columbia Basin, which consists of Grant,
Adams, and Franklin Counties, also grows fruit but
is proportionally more responsible for the state’s
vegetable and potato production. Combined, these
counties hold 34% of total apple acreage, 21% of
total grape acreage, 58% of potato acreage, and
21% of the state’s dairy herd. While the difference
in total value between Western and Eastern
Washington is stark, Western Washington is still
significant, as it generated more than $1.5 billion of
agricultural products in 2017. An area in
Northwest Washington, consisting of Skagit,
Snohomish, and Whatcom counties, holds 27% of
the state’s dairy herd and 12% of the state’s
potatoes. Grains, Oilseeds, & Pulses (dry beans like
lentils and chickpeas), were valued at more than 1
billion dollars in 2021 but are spread out across
most of Eastern Washington. Along the state’s
Eastern border, in Whitman and Spokane counties,
wheat is the most valuable commodity in dryland
farming systems. Throughout the rest of Eastern
Washington, it's used as rotational crop along with
vegetables and potatoes [14].

Across all of Washington, only 1.7% of the state’s
residents were privately employed by companies
that either produce agricultural products or
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manufacture food and beverages during the 3rd
quarter of 2022 (calculated using population data
[15] and employment data for NAICS classes 111,
112,311,312 [16]). Butin some areas of Eastern
Washington, the agricultural industry has a much
greater impact on the local economy. As shown in
Figure A-1.3, more than 10% of the populations in
Yakima, Grant, and Adams counties were employed
in either the agriculture or food and beverage
industries. Across the state, most of these
employees were involved in crop production, but
this is partially due to data collection. Values are
for July-September, when variable employment is
at its annual peak [17]. Between July and
December of 2021, employment in agriculture
declined by 40% due to seasonal variations. Areas
that produce products for fresh consumption, like
apples, which require manual picking, versus row
crops that can be harvested by machine employ
more people in agriculture. When considering
more-urban areas especially, it is worth noting that
not all companies involved in food and beverage
production are necessarily part of the state’s ag
industry, but instead manufacture products using
goods from around the world for quick distribution
and consumption in the state’s largest population
hub, the Puget Sound. For example, Starbucks, the
state’s most famous beverage manufacturer,
sources most of the feedstock for its Kent coffee
roasting plant from foreign countries in Asia,
Central America, South America, and Brazil [18].
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3.2 Processing Volume & Processing Hubs

Assessing the state’s ag industry by the capacity
and locations of its processors is another
approach that can be taken to characterize
potential for symbiosis, especially since
processors typically consume large amounts of
water and energy and generate a significant
amount of waste biomass through trimmings and
rejected product. Previous work has suggested
that large industrial processors can act as “anchor”
facilities that interact with small and medium-
sized firms [19]. Figure A-1.3 shows the total
capacity of processors (those classified in the
facility database) against the total volume of crop
production in 2022 [20]. By weight, more than half
of all processing capacity for fruits and vegetables
is used for potatoes. High-value crops like tree
fruit, including apples, cherries and pears, are
mostly sold for the fresh market, meaning
processing makes up a small amount of their total
volume. Among all fruits and berries, grapes were
processed in the largest volume. Despite the
overall value of grains, oilseeds, and pulses in
Washington, a relatively small amount is
processed, limiting applications for symbiosis.

Applications of symbiosis likely have the potential
to make the greatest impact at facilities with large
processing capacities. For the purposes of this
study, “large” is classified as having an annual input
of at least 50,000 tons per year.
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This method does not account for maximum daily
throughput, which may be a more useful metric to
classify facilities that process crops for a short
period during harvest, like wineries and frozen
vegetable manufacturers. Nor does this method
account for the portion of waste generated from
processing. Figure A-1.4 shows the locations of
the state’s 37 large processors that were identified
in the facility database. Of these, 33 are in Eastern
Washington while only 4 are in Western
Washington. The 19 plants that primarily process
vegetables are concentrated in the Columbia Basin,
while the 9 plants that process fruit are primarily in
the Yakima Valley. 3 of the state’s 5 total dairy
processors are in Western Washington.
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3.3 Change Over Time

Modern agriculture has been developed through the
accumulation of decades of advancements in mechanization,
fertilizers, and information technology [21]. This has resulted in a
massive shift to the structure of the industry, as the subsistence-
level family-operated farms that once dominated the industry
have slowly been consolidated into larger operations. During this
shift, the composition of farms also changed. Previously a single
farm may have included a small orchard, several livestock, and a
few fields for hay or row crops. But modern farms tend to
optimize their operations for the production of fewer goods.
Figure A-1.5, which was constructed from several USDA Census
of Agriculture tables [22]-[29], shows the percentage of farms
involved in major sectors has dropped as farms have become
more specialized over time.

60%

50%

40% 1982
1987

1992

30% 1997
= 2002

= 2007

20% 2012

10% III
O% | MI
Grains  Hay, silage, Vegetables, Fruits, nuts, Dairy Cattle and

and field sweet corn, and berries products calves
seeds and melons

Percentage of Farms in Each Sector

|
\
‘ u 2017

Figure A-1.6: percentage of farms involved in agricultural sub-sectors between 1982-2017
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These changes have led to a
necessary increase in total output,
but they have also created
challenges that were not a concern
in the past. Because of
specialization, managing waste has
become more difficult for many
farmers. For instance, crop wastes
that were once used to feed on-farm
livestock are often landfilled and
manure that was used to fertilize
adjacent fields is frequently just a
nuisance [30].

While the number of farms involved
in most sectors has changed
significantly over time, the locations
of their production has not changed
nearly as much. Figure A-1.6 shows
the centroids of ag production for
several representative commodities
between 1987 and 2017 [31]-[38].
The centroids of production for
apples, cattle, potatoes, and wheat
remained stable while dairy shifted
from west to east of the Cascade
Mountains. The most recent impact
of this shift is a new facility that will
be opened by Darigold in 2024 [39].
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3.4 Many Facilities

Sectors of the ag industry that have many of the
same type of facility present vastly different
opportunities for symbiosis than large processors.
While groups of smaller facilities don’t necessarily
present the best opportunity on their own,
symbiosis applications that work at one location
are likely to work at another, which in turn could
have a significant impact. Additionally, many of
these types of facilities are near each other,
meaning that facilities that don’t have the volume
of waste to efficiently manage on their own could
work with their similar neighbors to create better
solutions. A long tradition of cooperatives, which
support farmers in many ways [40], already exists
among fruit packers, dairies, and grain elevators.
Darigold and Tree Top both operate multiple large
processors and are owned by cooperatives [41],
[42]. These existing relationships may be useful to
leverage symbiosis projects [43].

Table A-1.2: Number of Facilities by Type

Type Number
Wineries 1,058 [7]
Dairies 284 [44]
Grain Elevators 242 [45]
Fruit Packers 181
Food Processors with Water Permits 217
Large Food Processors (shown in Figure 3) 37
Other Food Processors 415
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4. Discussion

The multiple methods used to evaluate the
agricultural industry failed to reveal that there is
one clear-cut opportunity to implement symbiosis.
Instead, it was shown that opportunities can be
found in multiple sub-sectors in various parts of
the state. In particular, the total value, geographic
concentration, and processing capacity of fruit and
berry, vegetable and potato, and livestock
industries in the Yakima Valley and Columbia Basin
suggests that efforts in these areas are likely to
make the greatest contribution to the state’s
agricultural industry.

4.1 Linking Findings to Stakeholder Interviews

The results of the quantitative approach can be
better understood by comparing and contrasting
them with the list of existing and developing
symbiosis projects presented in section IV.
Agriculture Symbiosis: Examples in Washington &
Beyond. The industry that stood out using either
approach was the dairy industry. 5 anaerobic
digesters projects that use primarily dairy manure
were included in the list. And Royal Dairy’s worm
bed project also uses manure. Another area that
was positively represented by either approach were
the Agricultural processors in Richland and Pasco.
The quantitative approach found that this area has
more large agricultural processors than anywhere
else in Washington, and especially projects like the



Pasco Process Water Reuse Facility could benefit a
significant portion of the state’s total dairy, potato,
and vegetable processing capacity.

A major difference between the projects highlight
how symbiosis is feasible in a broad variety of
applications. The quantitative approach’s results
suggest that most opportunities for symbiosis lie
east of the Cascade Mountains, while the list of
current projects suggest that agricultural industrial
symbiosis is feasible west of the Cascades, but
typically at a smaller scale. Together, these
approaches give a more-holistic capacity for
adoption of symbiotic concepts in Washington.

4.2 Additional Work:
Supply Chain Descriptions

To better understand how symbiosis can be
implemented within the agricultural industry, we
decided to conduct supply chain studies of the sub
sectors we felt best represented the opportunities
highlighted by the quantitative analysis. These
include apples (expanded to include tree fruit),
potatoes, and grapes. The purpose of the studies
was to understand the industry on a more detailed
level to help further identify potential synergies.
Each study includes:

+ Types of facilities that handle material in the
supply chain

+ Long-term trajectory of the industry in
Washington

+ Locations and capacities of farms, warehouses,
and processors

+ Seasonal variations in production

+ Current uses for wastes including organic
material, water, and energy

4.3 Additional Work:
Energy-Related Symbiosis Assessment

As mentioned previously, one of the challenges of
analyzing opportunities for agricultural industrial
symbiosis is that a common tendency is to view
agriculture as a series of loosely related but
separate industries, instead of a complex and
tightly-knit system. An example of this systems-

level approach was demonstrated using two
appendices that evaluated how an array of
stakeholders have the potential to influence the
agricultural industry’s demand for fossil-based
energy by 1) generating energy from waste organic
sources and 2) reducing energy demand by using
heat sharing.

+ Biomass-to-Energy: Appendix B includes and
evaluation of potential to use anaerobic
digestion to create methane and natural gas
from organic wastes like manure, fruit waste,
potato waste, and wheat straw.

+ Agricultural Processor Heat Sharing: Appendix
A-2 provides and analysis of processors from
several industries that use heat to dehydrate or
cook raw materials. The study characterizes that
heat and considers opportunities to use the
waste heat for other applications.
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and Waste Assessment



1. Approach

The detailed supply chain reviews focus on
characterizing some of Washington’s most
intriguing ag goods. These include apples,
Washington’s most valuable crop; potatoes, the
crop processed in the largest quantity; and grapes,
a crop that has experienced rapid growth for
processing and cultivation in the recent past.
Focus is placed on biomass, energy, and water
along each of these supply chains with the goal of
identifying opportunities to implement symbiosis
as well as the likely barriers that would limit its
adoption. The Following were questions we used
to describe each supply chain:

Flow of Material between farms, storage, and processors
+ How are crops used, are they sold fresh or processed?
+  What types of facilities are used in the supply chain?

+  What is the balance between quantity and quality in
determining crop value?

Farm level trends

*  Where are crops grown?

+  How large are individual farms?

+ How have farms changed in the recent past?

Storage

+ s storage on-farm, owned by cooperatives, or at
processors?

+ Does storage result in waste biomass, water or energy?
+  When are crops available throughout the year?

Processing

+ How much waste, residual biomass, water, and energy
are generated?

+ Is the waste sold to other markets already?
*  How does scale impact operations?

Symbiosis Examples

+  Are there existing examples of symbiosis within the
supply chain?
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2. Key Findings

Each supply chain is significantly different, so
studying three supply chains with one
methodology provided useful insights into
opportunities to implement agricultural-industrial
symbiosis. The list below describes key
observations:

Seasonality is an important consideration for all
elements of supply chains. Some crops, like
potatoes, can be stored and processed throughout
the year, while others, like grapes, have a short
processing season.

The number and scale of processors is variable
across industries. There are hundreds of wineries in
Washington, while there are just a handful of tree
fruit and potato processors. Depending on the
approach being used for symbiosis, either type of
facility may be preferable.

Efficiency is an emphasis for most companies
already. High value food waste is typically sold as
cattle feed and wastewater is often used for
irrigation. Exceptions to this observation are
typically at storage facilities and smaller processors.

The location of supply chain elements is also an
important consideration. Tree Fruit processors are
all in cities in the Yakima Valley, and are often
located near other industrial facilities. Some wine
and potato processors are in cities, like Pasco,
Richland, and Quincy, which have other types of
industry nearby, while others are relatively isolated
from potential symbiosis partners.

Whole Fruit

Processors

@S Processed Products
S Culled Fruit & Pomace

@ I B Uncollected Fruit Waste
Residue Food Markets

Figure A-2.1: General tree fruit supply chain



3. Tree Fruit Supply Chain

3.1 Supply Chain Overview

The supply chain for tree fruit is a multi-stepped
process that results in both fresh fruit and
processed foods that are available to
consumers throughout the year. As shownin
Figure A-2.1, the supply chain begins at the
orchard. Following harvest, fruit is delivered to
warehouses that store and pack fruit. The roles
of individual warehouses can vary as some
packing houses also have fruit storage capacity,
with the ability to store some or all of the fruit
they pack in a year. The supply chain also
varies depending on the type of fruit. Pome
fruit, which include apples and pears, can be
stored for several months after harvestin a
controlled atmosphere environment. Cherries,
which are a type of stone fruit, begin to spoil
quickly after harvest, and are rushed directly to
packing houses.
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Other Other
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Juli:e Canned
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Canned
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Fresh Market

Fresh Market
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Processed
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Figure A-2.2: Usage rates for tree fruit grown in Washington, 2016

One of the key functions of packing houses is fruit
sorting, which determines whether fruit is suitable
for the fresh market or processing. As shown in
figure A-2.2, depending on the species, between 81
and 76 percent of fruit is sold fresh [1].

In this context, the term “fresh” refers to any whole,
unprocessed fruit, regardless of the length of the
time the fruit has been held in storage. The storage
lifespan of pome fruits can vary from a few months
to a year depending on the variety. Fresh market
fruit is sold to a wide variety of clients, with most
fruit going to either export or domestic wholesale
for uses in restaurants and sales in grocery stores
[2]. Some lower quality fruit is suitable for
processors. Several in-state companies make an
array of products including juice, sauce, dehydrated
fruit, fruit essence, and fresh-sliced packaged fruit.

3.1 Orchard trends

As shown in figure 3, the tree fruit industry is
mostly limited to a strip of Washington that runs
north and south along the east side of the Cascade
Mountains [3]. The USDA has divided this region
into three areas: the Yakima Valley which includes
Benton, Kittitas and Yakima Counties; the Columbia
Basin which includes Adams, Franklin and Grant
counties; and Wenatchee which includes Chelan,
Douglas, and Okanogan counties [4]. Apples have
always been the dominant tree fruit in Washington
and comprised 74% of the total tree fruit acreage
during the last Census of Agriculture in 2017 [5].
Sweet cherries came second with 17% and pears
third with 9%. Small amounts of other stone fruit
like apricots, nectarines, plums, sour cherries, and
peaches are also grown in Washington. The
Yakima Valley contained 38% of total tree fruit
acreage in the state, the Columbia Basin 32% and
Wenatchee 23%. Most of the remaining 7% of
acreage was in Klickitat and Walla Walla counties.
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Figure A-2.3: The tree fruit growing region in Washington
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As shown in figure A-2.3, the tree fruit industry
is mostly limited to a strip of Washington that
runs north and south along the east side of the
Cascade Mountains [3]. The USDA has divided
this region into three areas: the Yakima Valley
which includes Benton, Kittitas and Yakima
Counties; the Columbia Basin which includes
Adams, Franklin and Grant counties; and
Wenatchee which includes Chelan, Douglas, and
Okanogan counties [4]. Apples have always
been the dominant tree fruit in Washington and
comprised 74% of the total tree fruit acreage
during the last Census of Agriculture in 2017 [5].
Sweet cherries came second with 17% and
pears third with 9%. Small amounts of other
stone fruit like apricots, nectarines, plums, sour
cherries, and peaches are also grown in
Washington. The Yakima Valley contained 38%
of total tree fruit acreage in the state, the
Columbia Basin 32% and Wenatchee 23%. Most
of the remaining 7% of acreage was in Klickitat
and Walla Walla counties.
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Figure A-2.4: Tree Fruit Acreage in Washington
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Figure A-2.4 uses data from 7 consecutive
agriculture censes [5]-[10] to show trends in
overall acreage. Across the state, total
acreage increased 19% between 1987 and
2017 from 203,000 to 243,000 acres. Cherry
acreage almost tripled with a 173% increase,
apple acreage increased 10% and pear
acreage fell 17%.
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Figure A-2.5: Washington Apple Varieties

In 1997, total apple acreage peaked, in what would
be a temporary bubble, as farmers were faced with
reduced demand for red delicious apples. As
shown in Figure A-2.5, this bubble was followed by
a large number of orchards being replaced with
new varieties [4]. As of 2017, 69% of apple
acreage in Washington had been planted since
1996. Other orchards either went out of business
or changed fruit species altogether [2], so that only
27% of apple trees in production in 1996 were still
in production in 2017.

The decline in pear acreage has mostly been due to
a halving of acreage in the Yakima Valley. But this
trend was not consistent throughout the state. In
2017, Wenatchee contained 57% of the state’s
pears after an increase in acreage of 12% over the
past 30 years.

The Columbia Basin experienced an overall 173%
increase in acreage between 1987 and 2017.
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Unlike the Yakima and Wenatchee areas, it was not
subject to the “apple bubble” acreage decrease in
the late 90’s, likely because the Columbia Basin was
an area that was newer to the fruit industry at the
time and had fewer established orchards with out-
of-fashion varieties.

As shown in figure A-2.6 [11]-[17], another ongoing
and significant trend is the consolidation of the
orchard sector [2], [18]. Since 2002, total acreage
has stabilized and is easier to analyze. Over the
period of these censuses, an increase in orchard
land held by large landholders has increased at a
rate greater than 8% than the preceding census.
Land held by small size operations has also
consistently decreased at a rate of 4% per census.
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Figure A-2.7: 2022 US Apple Prices

Variety selection for fruit is based on orchard
expected return, so farmers are continuously
working to modernize their orchards with new
varieties that offer improved flavor, appearance,
easier management and hardiness. Particularly the
apple industry has seen a major shift towards
newer varieties. As one example, the Honeycrisp
variety began to experience a rapid rise in
popularity in the mid 2000's [4] following its release
by the University of Minnesota in 1992 [19].
Farmers have mostly been attracted to Honeycrisp
by its industry-leading prices, as shown in Figure
A-2.7, as average non-organic Honeycrisp apples
sold for 40% more than the classics red delicious
and golden delicious [20]. But the price of fresh
market

fruit is not the only metric that farmers use.
Honeycrisp has one of the lowest fresh-use rates of
any variety due to a relatively high rate of defects,
particularly bitter pit [19], in the fruit and a relatively
short storage lifes [21]. As shown in figure A-2.8,
despite being the 3rd most-produced variety in
2022, more Honeycrisp apples were sent to
processors than the first and second most-
produced varieties. Figure A-2.8 was calculated
using tables 7 & 11 in the 2022 Apple Outlook
Report [20].

This means that not all farmers have determined
that purchasing Honeycrisp saplings is the most
economical decision, and other varieties like Gala
and Fuji, which sell for less than Honeycrisp, but
still have a higher value than the once dominant
Red Delicious, have also seen an increase in
acreage throughout the 2000s. Even as the market
shares of these newer varieties continue to grow,
more new varieties are also beginning to enter the
market. Forinstance, two varieties on the rise,
Cosmic Crisp and SweeTango, were both crossbred
from Honeycrisp [22], [23].
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Figure A-2.8: Production and use of apple varieties, Washington, 2022 (Calculated)

Different fruit varieties are harvested at different
points throughout the season, as the harvest
window for each variety is typically just a couple
weeks. Orchards grow multiple varieties of one
type of fruit so that the harvest can be staggered
over a longer period, requiring a smaller number of
laborers for a longer period of time [2]. The apple
harvest begins in the late summer and continues
through late fall. Harvest dates are also dependent
on weather, so year-to-year variations and local
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climates can shift harvest windows by weeks. The
maijor varieties picked early in the season include
Gala, Honeycrisp, and Golden Delicious; mid-
season varieties include Red Delicious, Granny
Smith, and Cosmic Crisp; and late season varieties
include Fuji and Cripps Pink (Pink Lady). Pear
season roughly coincides with apple season.
Summer pears, which are primarily Bartlett pears,
are harvested in August. Winter pears, include
Anjou and Bosc pears, and are harvested in late
August and September [24].

Cherry season begins several months earlier than
pome fruit harvest. It runs from mid spring to late
summer, depending on the variety and climate.
Bing cherries are frequently used as a benchmark
to compare other varieties because they account
for half of the state’s total acreage [25]. Harvest for
Bing cherries starts in the early-to-mid season at
roughly the same time as Rainier cherries; Chelan
cherries are harvested one to two weeks earlier;
and Lapin, Skeena, and Sweetheart cherries are
harvested one to three weeks later.

3.2 Fruit Packing and Storage

As shown in figure A-2.9, there are more than 60
active fruit packing and storage companies in
Washington, and the industry is disaggregated. As
is shown in figure A-2.10, no company reported
handling more than 7% of the state’s total packing
or storage capacity over the last three years. Data
was collected from permits [26]. Consolidation has
been a long-term trend in the packing industry, as
there were 154 packing houses in 1985 [2]. Some
areas have been more affected by this trend, like
Brewster where several companies have
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Figure A-2.9: Locations of fruit packers

consolidated and Waitsburg where the largest
packer in the state handles a significant amount of
fruit from Franklin and Walla Walla counties. Areas
where the fruit growing industry has existed the
longest, particularly Yakima and Wenatchee, have
more established infrastructure, while the
Columbia Basin has relatively few packing and
storage facilities. Pome fruit can be stored for
months after harvest. A survey of Washington fruit
packers found that most storage facilities use
controlled atmosphere storage, which holds fruit at
specific set points for oxygen, carbon dioxide, and
temperature among other variables to maximize
the storage life [27], [28]. Some facilities also use a
dynamically controlled atmosphere, which is more
intensively managed and varies storage set points
throughout the year [29]. Depending on the variety
and storage technique, apples can typically be
stored for 10 — 12 months. Honeycrisp is the most
notable exception with its relatively short six-month
storage life [21]. Most pears have a shorter
storage life than apples, as Bartlett pears last
approximately 6 months, Bosc last 8 months, and
Anjou last 10 months.
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Figure A-2.10: Most fruit packers are mid-sized companies

Cherries have a much shorter storage life than
pome fruit. Following harvest, packers rush to cool
cherries. After picking, each hour that the internal
temperature of cherries are over 40 degrees is
equivalent to one less day of shelf life at stores
[30]. Immediate measures to jump-start the
packing process even before arrival to the packing
house may be taken. Stemilt uses mobile
equipment that begins the cooling process at the
orchard [30]. Once cherries are cooled, they are
sent to markets as soon as possible.
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3.2 Fruit Processing

The distribution of fruit is dependent on grading.
The highest quality fruit are sold for the fresh
market, while lower quality fruit are either sold to
secondary fresh markets, processors, or culled.
The differences between the higher quality grades
is based solely on appearance, like whether an
apple has the specified amount of red color on its
skin [31]. In lower quality grades, a variety of other
defects that affect taste and texture may also be
present. Fruit with rot is not sold for human
consumption. These different grades resultin a
price hierarchy for apples and pears. As shown in
Figure A-2.11, fresh fruit sell for significantly more
than any other grade [32]. Next fresh slices,
frozen, canned, dried, and juice markets offer the
best prices in that order. In general, the uses that
modify the fruit the least pay the most for the fruit.
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Figure A-2.11: Apple Prices by use, 2017, United States

Fruit processors are located in four areas:
Wenatchee, Yakima, Prosser/Sunnyside/
Grandview, and Royal City. While there are many
companies that use tree fruit in their products, the
focus of this work is directed towards companies
that process larger quantities. Figure A-2.12
shows fruit processors in Washington. Processors

were identified through the water permit database
[26].

There are seven juice processors in Washington.
Key processes for fruit juice canning include
washing, juice extraction (crushing), steam
pasteurization, and packaging. Some plants also
concentrate fruit juices using steam, replacing the

need to pasteurize later. The residuals from juicing
consist of pomace from whole the crushed fruit.
The largest apple processor is Tree Top, which
primarily makes apple juice. Tree Topis a
cooperative [33] owned by farmers throughout the
region and has existing relationships with an
adjacent winery owned by Zirkle Fruit [34].
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Figure A-2.12: Fruit Processors, by output type

There are four sauce processors in Washington,
which are located in the Yakima Valley. Most fruit
sauces consist of apples, although other fruit like
grapes may be used. Key processes consist of
washing, coring and peeling, slicing or crushing,
filling, and heat sterilization.

Two sliced apple plants operate in Washington.
Sliced fruit processing is relatively simple, as fruit
is sliced, sprayed with agents to inhibit browning,
and packaged.

Other fruit processing primarily serves to make
intermediary ingredients for other foods like fruited
breads and snacks. The processes to make these
products vary from plant to plant, depending on the
specifications that are demanded at different
locations.

3.2 Waste Biomass Inventory

Waste biomass from the fruit industry can be
generated from a variety of sources, like annual
orchard thinning waste, or periodic orchard tearout
when aging trees are replaced. The most valuable
waste is culled fruit. At the orchard level, waste
fruit can either fall on the ground prior to harvest or
be rejected and dropped on the ground by fruit
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pickers. While this is a potentially a significant
source of fruit, it is typically not collected.
Especially fruit that falls on the ground can harbor
pathogens, so it needs to be collected separately
from regular fruit picking [35], although waste fruit
can also cause issues for orchard management
[36], [37]. Fruit lost in orchards can sometimes be
mulched along with other waste like thinned
branches and then spread over the trunks of trees
to fertilize following crops [37]. At packing houses,
fruit that is not deemed suitable for the fresh
market are then graded for the processing market,
or as a last resort, culled. The waste generated by
fruit processors is dependent on partially
dependent on the type of processor, but generally
this waste is called pomace and consists of skins,
peels, stems, seeds, and cores of fruit [38].

120,000

% 100,000

80,000

60,000

40,000

Annual Residual Biomass
Production (tons per yea

20,000

0
Culled  Apple
Apples Pomace

Culled Culled

Pears

Pear

Pomace Cherries

8,000
3
g 7,000
g 6,000
2 5000
2.7 Total
@ 4,000
£
£ 3,000
g
<= 2,000
=

21,000
@

i
v
Figure A-2.13: Fruit Waste Seasonality during the 2021 season

As shown in figure A-2.13, shipments of fruit
throughout the year can be used as an indicator for
when waste fruit is available [39]-[41]. For pome
fruit, shipments to fresh markets and processors
are continuous throughout the year, but not at a
constant rate. At the start of the harvest season,

A-2.7

shipments are in a lull, which begin to ramp-up
following the harvest of the first major varieties in
mid-September. For the next several months,
shipments occur at a steady rate, with the
exception of interruptions around the major winter
holidays. By late May, apple shipments begin to
decline until the end of summer when the next
season’s apples begin to ship. The drop in
shipment quantities in May is likely due to a
combination of factors, as the storage lifespan of
most major apple varieties begin to expire over the
summer and packers are also likely trying to clear
space for the cherry harvest and then the next
year’s apple harvest. Pear shipments begin to
decrease by mid-winter as some varieties run out
of stock due to the shorter storage lifespan of
pears. Cherry shipments begin immediately after
the start of cherry harvest and mirror the rate of
harvest. Once the cherry season is over, shipment
quickly comes to an end.

For pome fruit, the cull rate makes up a relatively
small percent of the total fruit because there are
several secondary processing markets with
purchasers located throughout the growing region.
No explicit information about cull rates is available,
but between 2017 and 2021 3% of apples in the US
were listed as unsold [20]. In Washington, the
unsold rate was 4.6% over the same period [42].

Cherries have a much higher cull rate than the
other fruit because there are fewer secondary
markets for damaged fruit. While processed
cherries make up a significant amount of the
overall market, these cherries are often purpose
grown with a variety that lends itself to brining [43].
Some sorted-out fruit may also be used, but many
cherries are processed whole, so it should be
assumed that all rejected fruit is suitable for
processing. According to the WSU enterprise
budget, typical cull rates are 20% and farmers
should expect to receive a price for culls that is
between 10% and 2.5% of fresh market cherries [44].

Pomace generation rates can be difficult to find on
a company by company basis, but have been
reported to vary between 9-45% in water permits.
Waste is highest for products where the fruit is
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kept whole, or in large pieces, like sliced apples. A
“general rate” of 25% is used for fruit pomace
generation in Figure A-2.12 [38], [45].

3.3 Biomass Uses

Waste fruit currently has several uses. Most
processors and some fruit packers sell fruit for
cattle feed. As shown in Figure A-2.14, a significant
amount of waste fruit from fruit packing facilities is
also landfilled, representing a significant opportunity.

= Animal Feed .
= Orchard Compost

Figure A-2.14: Reported waste fruit uses by fruit packers

Residual fruit can be used as a forage replacement in
animal feed for cattle and hogs [46]. Itis a succulent
feed, meaning animals like to eat it, and it is
particularly high in fiber [47]. In diet formulations,
residual fruit is fed as a forage component, working in
a similar function as corn silage. Feeding rates for
residual fruit can vary depending on diet formulations,
but typical feeding rates for both growing cattle and
milking heifers are near 18 pounds per day [47]. One
potential challenge is whether or not culled cherries
can be fed to cattle. The flesh of cherries is non-toxic,
but the pits and leaves are poisonous [48].

Fruit waste has been widely researched as a potential
component for anaerobic digestors that produce
biogas. At least one study has been conducted to
determine biogas potential from an apple and
manure slurry [49].

Some packing companies also own orchards. One
option for these companies is to recycle their own
residuals by composting. For instance, Stemilt
composts fruit waste, thinned branches and leaves,
locally procured manure, and lime at a composting
facility near their orchards [50]. This approach

reduces fertilizer demand in addition to reducing fruit
waste. Milne Fruit also sells waste fruit to wineries
that use it to compost in their vineyards.

3.4 Water

Water is consumed at each level of the supply chain,
but some water is difficult to collect, particularly
irrigation water. Water from storage, packing, and
processing is easier to collect and reuse. Based on
estimates derived from water consumption reports
from water permits, fruit storage requires
approximately 0.1 gallons per ton and fruit packing
requires approximately 2 gallons per ton. Water
consumption is highly variable by plant. Part of the
variability is due to the different products lines that
each plant has, although some procedures, like
washing, are universal. But the variability is also
dependent on the design of the facility. Some have
equipment that either uses less water or collects and
recycles water [51].

The wastewater quality from fruit depends on the
processes the water has been used for. Water used
for cooling, or non-contact cooling water (NCCW) has
higher temperatures and softening agents that can
foul the water. Fruit washing water and evaporated
water from juice concentration contains organics.
Water used for drenching fruit before storage has
pesticide chemicals [52].

3.5 Energy Consumption

Energy consumption values are not available on a
plant-by-plant basis in the state of Washington, but
several broad industry assessments have been
conducted that identify sources that can be recycled.
Fruit processors produce steam to concentrate fruit
juice and sterilize containers [53]. The hot water used
for refrigeration at storage facilities may also be a
source of energy.
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