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assessment tool for bioproduct market analysis and development

 Ruihong Zhang, University of California Davis: Digestate alone
and with compost - designing for specific end uses

» Greg Kester, California Association of Sanitation Agencies:
Biosolids markets and restrictions
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ﬁ Topic Outline

= Association of Compost Producers

= Bioproducts
= Closing the Loop —> Circular Economy
= A Market Framework
= Bioproducts Market Database

= Organics to Bioproduct “Markets”
= Feedstock Control
= Process Technology Train
= Local Bioproduct Markets

= Integrated Market Assessments & Plan
= Product quality, and
= Selling the whole, integrated “value cycles”




Association of Compost
ﬁ Producers

A Public/Private Association - 501(C)6 —
calif. State Chapter of US Composting

Council
= Public and Private Organics Residual Generators
» Green Waste, Manure (into and out of animals)
« Food Waste, Biosolids (into and out of people)
= Public and Private Compost Producers
= Public and Private Compost Marketer/Distributors

Oour Vision:

Support beneficial reuse of organics in California,
compost playing a central role to

s Build and maintain sustainable healthy soils,

= Keeping our state’s lands productive, green and
biologically diverse for generations to come.

Our Mission:

Increase the quality, value and
amount of compost being used
/n California.

Noble Resources Group
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Noble Resources Group, LLC

Mission
Noble Resources Group (NRG) leads and supports other leaders to

transition their companies, agencies and communities to succeed in
the developing a sustainable renewable carbon economy.

Clients

Past

= Founding Financial Editor — Environmental Business Journal®

n  Water View Reports — Environmental Business International, >100 clients
n WateReuse Foundation — “Indirect Potable Reuse Best Practices”

Currently Representing L‘{yj ASSOCIATION OF
m Association of Compost Producers L,j ComposT
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“We Build Healthy Soil” .
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Bioproducts:
Development of a Circular Economy

Linear Economy*

Natural Resource_s & Industrial Waste_ &
Resource Industries Processes, Pollution
*Air Distribution &
*Water Product Use
Land & Minerals
*Energy
*Biological
ol L*
LD ) |‘ A ﬁ ‘

![_J.Ei

From Eugene Odum, Ecology, 1963
and www.Ecocycle.org, 2008
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http://www.ecocycle.org/

Journey to Sustainability:
Development of a Circular Economy

Circular, Zero Waste, Economy*

Industrial
Natural Resources & Processes, Waste &
Resoqrce Industries ’ Distribution & Pollution
*Alr | - Prqduct Use
\Water Changing the Rules | o $ shifting Subsidies

eLand & Minerals ... #_  Designfor the
'En er gy Discards @ w },’[ Environment

*Biological
— - K i
i h RRRRRRREE i,
Resource Recovery Centers Clean Production

By
-, 2 -

Producer Responsibility k‘m'}' Empowered
' Consumer

Environmental Industry

Distribution

From Eugene Odum, Ecology, 1963
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http://www.ecocycle.org/

Emerging Circular Economy:
an industrial system that is restorative by design

y

Biological nutrients

Farming/collection’

Biochemical
feedstock

Restoration

Biogas ; _ Cascades

Anaercbic
digestion/ B o
composting aa

Extraction of

Biological  &xkm
Nutrients
7 B | Otl Cn

1 Hunting and fishing

2 Can take both post-harvest and post-consumer waste as an input

Source: Ellen MacArthur Foundation circular economy team

Parts manufacturer

Product manufacturer

Service provider

Energy recovery

—

Techmcai nutrients

'u,_.-mw-mwﬁ.._

Recycle

Refu ish/

Technical
Nutrients
“Abiotic”

A : Leakage to be minimised



“ Biological Nutrients (Bioresources)

Carbon’s “6 F's” = e 7 Gron
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Organic Residuals are...

From Agricultural Product to Organics Residual

Disposer & Sewage

Food > Biosolids

Solid Wast
Fiber T Food scraps

Green material k

Landscape Maintenance . . "
Flowers > Woody material

Fee d Livestock Waste > M anure

Fuel —

—> No Residual
(except pollution!)

Fertilizer —



Bioresource Feedstocks =
Bioproducts

A “Whole Systems” Approach,
All inclusive by design

Feedstock(s) (organic residuals) =
Process train >

Bioproduct(s)

ASSOCIATION OF
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Y
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Framework and Context

ﬁ Bioproducts Market Database

Bioproducts Industry Process Diagram

| Manufacturing

Facility

Feedstock

Generator

Facility
A

l

Buier/User

Noble Resources Group
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Bioproducts Market Database

Feedstock

Hauler

Feedstock
Generator
Facility

A

Manufacturing
Facility

Framework and Context

Bioproduct

— Hauler

!

Buier/User

Noble Resources Group

“Building Renewable Carbon Economies”™
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Bioproducts Market Database

Feedstock

» Hauler

Framework and Context

Waste
Generator

A

| Processing
Facility

_-r-/'———'—’-—J>

"

» Bioproduct

Operator

Technology

Investor

l

Buyer*

Noble Resources Group
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Bioproducts Market Database

Manufacturing

Framework and Context

Bioproduct

A 4

A

Hauler

y

Feedstock Hauler =l
v
¥
Feedstock v _
Generator L) || Landfill |
Facility

Buier/User

|
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Seven (7) Integrated Markets

i Bioproduct Markets

Feedstocks Logistics
Equipment Operations
Facility/Site Investment
Bioproduct

Qﬁ ASSOCIATION OF

{ ComposT
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Bioproducts Market Database
NRG'’s BioDB
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ﬁ Feedstocks to Process Train

Organic Feedstocks Processing
Chip & Grind

Green material

Composting
Woody Material /

Feed Production
Fooa scraps Anaerobic Digesti
Biosolids > Thermo-
chemical
Manure —>  Microbial

Fermentation

18



Anaerobic Digestion (AD)

Feedstocks = Process Train = Bioproducts/

Waste activated
sludge

Food
waste

Animal
manure

Municipal solid
waste

Food processing
waste/residue

Biofuel processing

waste/residue
1

Biogas

Liquid
effluent
A

Anaerobic
digester

Lignocellulosic | .
biomass

v
Digestate
H

v
Solid separation

Liguid

Solid fiber

Bioproduct Po

Fig. 1. Schematic of large-scale anaerobic biorefinery
for producing biofuels and biobased products.

Sawatdeenarunat, C., et al. Anaerobic biorefinery: Current
status, challenges, and opportunities. Bioresour. Technol.
(2016), http://dx.doi.org/10.1016/j.biortech.2016.03.074

rtfolio

= ] Hydrogen
£, | Biological ~ Methanol
process Ethanol
Bytanol
Thermo-
* chemical [—® Syngas
process
—>
Combine
»  heat Heat
power Electricity
Biogas Compressed/
» upgrade —— liquefied
natural gas
; . Animal feed
Protein ~ Amino acid
5 Algae Biomass
production separ ation
i Trans- Biodiesel
Lipid—> egterification Glycerol
»| Fertigation QLﬂ&
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Acid A :
. — Lactic acid
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» Saccharification
Lignin Carbon fider
purification Biopolyrer
---------------------- » Lignia ——-» Heat
ea
Tﬁe"ﬂo-l Elegtricity
chemica Sngas
: process Phenolics
Pyrolysis/
Hydrothermal Bio-oil
process Biochar




ﬁBioproduc’r Portfolio, or Categories

aka Cateqgories of Value

= Electricity
= Biofuels

Biochar

Product
Materials

Animal Feed




Spectrum of Values in the

Bioproduct Portfolio

Technology/

Noble Resources G

“Building Renewable Carbon Eca

Organic T Current Market
Product Technology Options Capital Cyost Value Range of
Finished Products
Category Range
Chop & Drop, Chip/Grind &
Mulch - -
ulc Reuse, Chip & Ship $2-10/tpy $0-$15/ton (FOB)
Backyard, Container, Windrow, $10-$30/ton - bulk
Compost eASP, Gore, ECS, enclosed, AgBag,|$25-$450/tpy  |(whsl), $80-120/ton -
Vermicompost, etc. bagged (retail)
Animal Feed  |straightfoodscraps, food — leq 0 ageg oy |$50-6150/ton
dehydrator/cooker, aquaponics
Biofertilizer High nitrogen composting, $100-$800/tpy |$80-200/ton
biosolids pellets, manure pellets
.. Anerobic Digestion --> Methane --
Electricit - -
ectricity » gas turbine $200-$850/tpy |$150-$300/ton
Anerobic Digestion --> Methane
Biofuel Pyrolytic Conversion --> $250-$900/tpy |$250-$750/ton
methanol, ethanol, biodiesel, etc.
: Distributed Biorefinery
h I - .
Chemicals (emerging) $300-$1,000/tpy |$500-$10,000/ton
Product
;Mﬁ]ﬁrials ecorUSA.com $500-$1,500/tpy [$500-$10,000/ton
\amies ™ 21




ﬁ Topic Outline

= Organics to Bioproduct “Markets”
= Feedstock Control
= Process Technology Train
= Local Bioproduct Markets




ﬁ Feedstocks to Bioproducts

4 of the / interrelated and Integrated

MARKETS contained within and

supporting the Organics Value Cycle
Feedstock(s) (organic residuals) -

Process train =2

Bioproduct(s)
Capital ($$, NatCap, Social, Informational)

BTW, these Bioproducts markets are, in turn, integrated
with the WATER & ENERGY utility and product markets...
but that’s another story! ... an important one!



What's a "market”?

John Chamberlain —

“When two subjective
senses of value meet in an
objective price,

a market is born.”

Marketing is giving people
what they want.

Sales is giving people
what you have.

Noble Resources Group

“Building Renewable Carbon Economies”™



L Bioproduct Market Players

Can develop compost without having to
adhere to market forces

S po_f_;gé()d ucer OW.Ir_';Fr)Seh'p Advantages Disadvantages
1.Wastewater Owned by a quasi- Not for profit In the open market for bulking agent
A government Rate payer revenue base Stigma attached to biosolids feedstocks
gency gg%?]rg)zlagic;rt]r:ict or Local monopoly on feedstock (biosolids) Must build market expertise
’ ' Large capital base
Extensive permitting expertise
2 Munici pa| ity City or county Not for profit Not in business to develop product markets

No price means product has no/low value
Subject to political process more than market
forces

3.Franchise
Hauler

Private business

Have rolling stock (trucks)
Have bankable collections revenue to
invest and build a business

Product production is a different business
than hauling

Inevitable tradeoffs between the two models
Unclear brand

4.Independent

Private business

Flexible
Responsive to customer needs
Choices of feedstock

Generally undercapitalized
Not connected to franchise bankable revenue

5.Generator —
food systems

Private business

No hauling of material

Could be part of green business and/or
green building objectives

Can save money on hauling

Not in the compost/soil business
Inevitable tradeoffs between the two models
Unclear brand

6. Agriculture

Private business

Saves money

Avoids burning

Lower crop inputs

Can be part of organic, sustainable,
regenerative, biodynamic farm practices

May not be consistent with other business
units

Could be too much material

Could cost more than its worth

7.Un-permitted
C&G

Private business

Can make good profit with low
overhead

Creates downward pressure for the permitted
markets
Can literally trash the environment

1ul”
g



ﬁ Legal Structure for Control

State Legis/ation and Regulations —
California Example

s AB 939 — (1989) Recycling laws

s AB 341 — (2011) 75% Recycling by 2020 Goal for California,
& Mandatory Commercial Recycling

s AB 1826 — (2014) Mandatory Commercial Organics
Recycling (MORe)

Every SW Jurisdiction (>350) must “set up a program”
www. calrecycle.ca.qov/recycle/commercial/organics/FAQ. htm

"\ ASSOCIATION OF
7 CoMPOST

S PRODUCERS
Noble Resources Group “We Build Healthy Soil”

“Building Renewable Carbon Eco 26 www.healthysoil.org
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http://www.calrecycle.ca.gov/recycle/commercial/organics/FAQ.htm
http://www.calrecycle.ca.gov/recycle/commercial/organics/FAQ.htm

ﬁ Evolving Legal Structure for Industry

State Legis/ation and Regulations —
California Example

s AB 876 — (1915) Organics Management Infrastructure Plan
s AB 901 — (2015) Recycling and Disposal Facility Reporting

s SB 1383 — (2014) Short-Lived Climate Pollutants (SLCP):
Organic Waste Methane Emissions Reaductions

"\ ASSOCIATION OF
1 Con

\}}{

Noble Resources Group P”\U CES
“Building Renewable Carbon Eco. 27 ijwll‘f Hea ,mﬁfhy ,i,;/g



ﬁ Feedstock "Control”-Monopoly

“* yy o h.,’ﬁ %
CREATE LOCAL “MONOPOLIES = ==

Ra tiona/e : . > gy - _1 :‘:‘.‘.'.:f,. "
= Reduce redundant Investments < —
= Own/control the material @ = [ &%

= Ratepayers and material ownership is
BANKABLE!

aaaaaaaaaa

Examples:
» Wastewater Treatment Plants, by law,
control our poop, and therefore the biosolids,
water and enerqy products that are produced

= Hauler Franchise Agreements/Contracts:
Waste collectors serve the ratepayers, and
take ownership of the discards

= Agricultural and Forest Residuals: Own
oﬁ@e cultivated products and the residuals

28

Noble Resourc{%géhr
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* Feedstock "Control”-Markets

CREATE LoOCAL “MARKETS”

Rationale:
= Generatoris the primary “owner”
s Reduce transportation if managed onsite
= Ratepayers and material ownership is
BANKABLE!

=i RS

Examples: - onsite/neighborhood

» Wastewater: Greywater and composting
tollets

» Solid Waste: Reduce, compost or biogas
anay/or self haul

s Agricultural and Forest Residuals:
Reduce, compost or biogas and/or self haul

Noble Resources Group
29

“Building Renewable Carbon Economies”™



Programs:
Developing the Organics Value Cycle

Food Scraps Example
s Become a biorefinery developer!!

s Source Separation
= Disposers to POTW's
= Food scraps in the Green Bin
= Onsite Processors

= MRF Separation (Materials Recover
s Food Scraps to Anaerobic Digestion
s Food Scraps & Green Material to Composting

= Processing
= Composting
= Anaerobic Digestion
= Bio Products

s Marketing, Use (& Generation, again)

= We are all “user/generators” (not “consumers”)
Noble Resources Grog& . L. )
“Buitding Renewable Caggon Efyfmirrreting Product Use within the Oroanics Value Cycle



ﬁ Process Technology Train

Technology Cateqories  Competitive Dimensions

= Chip & Grind
s Composting
= Animal Feed

s Anaerobic
Digestion

s Thermochemical

s Microbial
Fermentation

T T

SCALE: small, medium or large,
<12.5K & 50K &= >200K/year

CAPITAL COST: per ton of
annual throughput

OPERATING COST: per ton of
—— annual throughput

REGULATORY DYNAMICS:
develop and change of state,
region and local reqgulations

LOCAL ACCEPTANCE: of both
£he bioproducts & env. Impagrs., ...

www.healthysoil.org




Local Bioproduct Markets

Noble Resources |Mﬂ5_9|&ja|5

“Building Renewable Carbon
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Organic Te(I::r;r:i)”I:)gy/ Current Market
Product Technology Options actity Value Range of
CEPIE Cosi Finished Products
Category Range

Chop & Drop, Chip/Grind &

Mulch Reuse, Chip & Ship $2-10/tpy $0-$15/ton (FOB)
Backyard, Container, Windrow, $10-$30/ton - bulk

Compost eASP, Gore, ECS, enclosed, AgBag,|$25-$450/tpy  |(whsl), $80-120/ton -
Vermicompost, etc. bagged (retail)

Animal Feed  [straightfoodscraps, food gy 0 ageg oy |$50-6150/ton
dehydrator/cooker, aquaponics

Biofertilizer High nitrogen composting, $100-$800/tpy |$80-200/ton
biosolids pellets, manure pellets

- Anerobic Digestion --> Methane --
Electricit - -
ectricity + gas turbine $200-$850/tpy [$150-$300/ton

Anerobic Digestion --> Methane

Biofuel Pyrolytic Conversion --> $250-$900/tpy |$250-$750/ton
methanol, ethanol, biodiesel, etc.

: Distributed Biorefinery
h I . -

Chemicals (emerging) $300-$1,000/tpy |$500-$10,000/ton

Product
ecorUSA.com $500-$1,500/tpy [$500-$10,000/ton




ﬁ Topic Outline

= Integrated Market Assessments & Plans
= Product quality, and
= Selling the whole, integrated “value cycles”

BuUIaIng ~erewanie Laroor £Ccornomies '™ www.health ysbi/, org



SoCal Market Model &
Conclusions

Mulch and Compost Production in the
10 Southern California Counties 2017

Noble Resources Group

“Building Renewable Carbon Economies”™

34

Distance Permitted Permitted Available Mulch Compost
County (miles FRB Facilities Capacity Capacity Produced Produced
to Co. Seat) (tpy) (tpy, est.) (yd3) (yd3)
Orange 14 10 349,550 64,016 294,210 546,390
Riverside 38 23 1,590,591 1,587,119 1,008,448 1,872,832
Los Angeles 45 28 1,250,306 1,548,681 494,865 919,035
San Bernardino 50 37 4,846,200 3,818,688 831,201 1,543,659
San Diego 87 16 800,375 954,750 275,310 511,290
Ventura 111 12 398,470 421,206 105,840 196,560
Santa Barbara 148 7 572,786 615,246 156,597 290,823
Kern 156 11 3,662,562 3,753,170 922,148 1,712,561
Imperial 193 9 362,311 408,739 109,020 202,466
San Luis Obispo 233 6 175,300 212,540 63,399 117,741
159 14,008,451 15,884,420 4,261,038.] | 79133570
‘5._ COMPOST
@= PrRODUCERS

“We Build Healthy Soil”
www.healthysoil.org



SoCal Market Model &
Conclusions

Price Distribution Curve Estimate for Mulch and Compost
Sold and distributed in Landscape Markets in Southern California,
2017

Mulch & Compost

6%

5%

=
& 1%
=
[ ]
=1
S
O 3% s Mulch & Compost
Q.
=
c
]
g 2%
]
a.

1%

0% .

- 3 5 81013151820232527293234373942444749525457596264676972747779 ]';ASSOCIATION OF
o ComprosT
LA
Noble Resources Group $/ yd3 o PMZOBJI;/SEIIglmy Soil”
“Building Renewable Carbon Economies”™
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Forecast 2018 - 2025

* Compost/Mulch Demand

Compost/Mulch Demand Forecast
(SoCal Marketin S millions)

300
250 —

200 —— ==::::::::::::::::::::::::::::::::

150

100

50

2017 2018 2019 2020 2021 2022 2023 2024 2025

= Scenario 1 50 new investment = Scenario 2 52 ton new investment

== Scenario 3 $4 ton new investment

ﬂ 1 ASSOCIATION OF
¥ CoMPOST

e

-~

Probpucers
“We Build Healthy Soil”
www.healthysoil.org
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Integrated Market Assessments
& Models

Product quality Trashy S e

the best product, for
the lowest price Vs.

Premium

Selling the whole,
Integrated “value
cycles”

e.q. LOOP P
Noble RESJHQ(QB;QIPXOUI’SO”.OFQ

“Building Renewable Carbon Economies 37




Markets - Capacity and Markets go hand in hand

We are creating a new narrative, a
new story, for our food AND discards:

- Addressing key new questions -

s Where did our food and other products
come from?

= How healthy is it, are they?
n Was it made with love ... and compost?!

= Where do our discards go?
= Do we keep it clean, for the compost pile?
= Do we make/buy & use compost?




Education:

s Jeaching or training
people to “do it them
selves” (DIY)

Marketing:

= Providing a specific
solution “for a price”

“We’ll take care of it” —
Burrtec

Noble Resources Group

“Building Renewable Carbon Economies”™

Education and Marketing

Pros:

Empowers people, & low cost solution

Government & industry doesn’t have to
deal with it

Organics value cycle is already personal

cons:

Requires attention, higher burden
Can be inconvenient and messy

Pros:

Convenience - others do the dirty work
Can leverage economies of scale

cons:

Disconnects users from resource cycle,
still feels like consumer, not user

Must now market use of material

www.rieaiuiysuii.ury



The Organics Value Cycle

/'

Communic q

& Report

|
Generate:

eLandscape trimmings
*Food/Ag waste

Haul, Pre-process:

Communicate
& Report

\

Process:
Compost

*Chip and Grind
*Anaerobic Digestion
Biofertilizer

@-0Vv. Agencies
EPA: air, water, solidy

*Biosolids LEA, Planning, CDF :
.Manure CEC/PUC, etc., etc. °Enel’gy (blOfueI,
T takeholders electricity)
Communicate
& Report
Communicate
_ & Report

Use: /

sLandscape

«Agriculture Market:

-E_nvwonmental : *Compost ®| AssociaTioN oF

*Bigenergy Communicate (Sell) “Fertilizer [z Cowrost

Noble ResStwgges Group " *Energy - Pwiogj%Sifzsae/thySai/”

“Building Renewable Carbori s
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Build a Sustainable "Enterprise” Model:
Strateqgy/Policy into Products (AB 876)

Assess Markets = Plan 2 Invest - Launch = Operate

Feedstock Assessment
= Residual Generation Sources
= Catalogue of Options

= Enterprise Plan N
= Manufacturing & Operations
Marketing & Sales

= TJechnology Assessment Bioproduct Finance & Accounting
= Product Appropriate Industry / -
= Scope to Scale Specific Database
= Value and Investment Desired = /nvest & Build \
= Bioproduct Market Assessment = Venture, Debt, Bond, User Fees
= Product Specific = Operational Training
= Brand Value Options = Merchandising & PR
= Channel Availability = Commission Facility(s)
= Capital Assessment = Trial Runs
= Capital Elements Available (4 types- = Hiring
monetary, natural, social, info = Press Releases, Sales

= Sources Available & Alignment = Launch & Operate

41

Soil”
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Enterprise Planning > PLAN

Develop Models and Scenarios

FEEDSTOCK | SCALE | PROCESS | MARKET | BIOPRODUCT

LRGN (Type & Rev.)| (tpy) | TRAIN | MODEL | PORTFOLIO

Public (wastewater)

Public (municipal solid waste) v _ v v

Private (waste hauler/recycler)
Private (agriculture)
Public/Private (forest)

Develop your unique
enterprise business model...
which becomes your local BRAND!

Y | ZASSOCIATION OF
T CoMPOST

S PrRODUCERS
“We Build Healthy Soil”
www.healthysoil.org
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“Building Renewable Carbon Economie: 42



Questions?
Comments?
Discussion...

Dan Noble
(619) 992-8389
danwyldernoble@gmail.com

Noble Resources Group
Bioproduct Industry & Market Development

i‘f ASSOCIATION OF

[ iﬂ CoMposT
ANy PRODUCERS Lff ASSOCIATION OF

“We Build Healthy Soil” Y Compost

. FE‘
.healthysoil.or @5 ProDUCERS
Noble Resources Group www V. 9 “We Build Healthy Soil”

“Building Renewable Carbon Economies”™ 43 www.healthysoil.org


mailto:danwyldernoble@gmail.com

CBA 2017 Symposium

“Building California’s Sustainable Bioresource Economy”
November 1 -2, 2017
Ziggurat Building, 707 3rd St., West Sacramento

1:00-2:30 PM: Nov. 2, Session

THE BIOPRODUCTS PORTFOLIO APPROACH -

framework and tools for organics capacity and market
expansion planning and investment
Dan Noble, ACF, NRG — Moderator
« Dan Noble, ACP, NRG: The bioproducts portfolio - a new market
assessment tool for bioproduct market analysis and development

 Ruihong Zhang, University of California Davis: Digestate alone
and with compost - designing for specific end uses

» Greg Kester, California Association of Sanitation Agencies:
Biosolids markets and restrictions
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