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Executive Summary

Over the past several years, there has been a paifagidgrove NO
. ) o . gCo ’VIIC
wastewater solids are perceveldtoday, biosolids are viewed as
a renewable resource too valuable toM@sterception reflects e,

. . . . o . uplic Private
the widespread interest in sustainability, energy, climate change, Partnerships
resource depletion, materials cyddmprawaste goals.

The evolving view of biosolids was highlighted in the Water ;{:;’k‘;‘_ e Ims;’;'ve_ %

Environment Federation (WEF) and the National Biosolids ability ment <

Partnership (NBP) 2011 r&jatting the Future of Biosolids :l'l StProdLécL. %

. . P . ewardshni
Managementvhich identified current trends, as well as the trajectory ] ? 2
; (@) Odor Carb

of change stemming from those trends. A\ Research _ Fot tht 5
. . . . h

The journey toward meaningful change is further explored with Researe A3

Enabling the Future: Advancing Resource Recovery from Biosolids

Specifically, tdecument examines the unprecedented

opportunities that now exist and are emerging for the organics, 1he new view of a traditional benefididndepplication

energyand nutrients in biosolids. Lessons learned and documentd®jovides an example of our changingfocesiewed primarily
experiences have also been captured in this publication as part of&fn approach to add nutrients and organics for soil improvemer
effort to provideaptical guidance for utilities embarking on the road®nly, weow understand that biosolids can play a critical role with

to resource recovery. respect to climate change through a variety of mechanisms. First,
organic matter provided by biosolids can replenish soil organic

A first step on that journey is defining regulatory and policy carbon (SOC) lost through climate éhdnged wind and evat

requirements that might promote or hinder resourcé/Médevery.  erosionAdditionally, biosolids can reduce agricultural carbon

regulations at the federal level do not aptiaelp support footprints through both fertilizer production offsets and biosolids u

resource recovery from biosolids, some states are developing  to meet plant nutrient requirements. A better understanding of the
regulations and policies that remove barriers to resource recoveryole that biosolids can play in carbon famtpdiidm will serve as
These activitiesoewastedi hvenat aaatalgstefar thair rebognitifn as a valued resource.

cities, which seek to maximizsivtbiesion of recyclables away from

landfillskey examples include Massachusetts regulations and Biosolids also play a key role in carbon footprint reduction througt
policies intended to facilitateicay e st i on and Cal ithe 8NveEsjon ) the epeggy i $plids to a useable form (heat or fu
efforts to encourage composting. This regulatory evolution will ne¥# biological or thermal proceiSseggy recovery options range

to continue to supp@source recovery, and may soon need to from mature, well established systems, such as anaerobic digesti

address a portfolio of new products such as-tiseidis and incineratidn emerging technologies, suShaercritical
bioplastics. Water OxidatiddqGWO) and hydrothermal gasifiGudlas

treatment provides the greptsntial for energy recovery and
In the absence of regulatory drivers, policies and market needs hg@mduction, with the chemical energy embedded in biosolids greal
shape resource recovery opportunities. With respect to policy andhan the energy needed for treatment. Recovering that energy is
plaming, the overarching driver for resource recovery is the broadepportunity for wastewater utilities to reduce costs and increase
focus on sustainability, viewed through the perspective of triple  sustainability.
bottom line (TBL) analyses that reflect environmental,aa@bnomic
social concerrEhis focal shift is reflected in¢hesaising use of In addion to organic and energy resources, nutrients in biosolids «
TBL analyses for solids planning, but is also driving research, ~ @lso & focus for resource recovery, going beyond recycling of
voluntary prograraad a renewed interest in the environmental nutrients through land application to nutrient extraction and recov

benefits of biosoliany TBL focal pointshich are actually tools ~ EXtractive nutrient recovery provides a mechartseffezthetly
to forward resource recovagdressnultiple elements in the remove nutrients from liquid streams and create a marketable

sustainability trifecta. productAt present, commercial technologies for extractive nutrient
recovery primarily produce chemical nutrient products that are us
in agricultural applications (because 8b%ubfent products are
associated with agriculture). Since food demand is expected to ris
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with an increasing global population, it is expected that demand fdtnabling the future will require enhancing the capacity, skills, and

chemical nutrient products will also increase. This represents an knowledge in the public and private sectors involved in biosolids

opportunity for the waatewtreatment market to develop niche managmentAs the focus on resource recovery from biosolids

products that can be used in this field. intensifies, the importance of the distributed network of support fo
biosolids professionals becomes even Qaat@unication of

In exploring technologies to recover any of the resources discussggsearch findinyboth historic and rieis a specific pressing

here, it is important to note that the evolutionary path for emerging,eed, as it appears that existing research has been underutilized

technologies is not an easyNmatechnologies must overcome a tool to communicate the safety of biosolids to theepublic.

tremendous obstacles to travejhcehdedPcBnp8ybediofolids Bahagbnfent 8@ the ried fof

statusIncentives to utilities by state and federal programs to test aadreased communications with more diverse audiens¢lsaequire

implement innovative technologies would facilitate the developmejpese support mechanisms continue to grow and evolve to meet
and application of thiesshnologies by reducing the economic risk. f,ture needs.

To that end, a joint WE&ier Environment Research Federation
(WERJinitiative, the Leaders Innovation Forum for Technology Engaging in effective communication continues to be a key tenet
(LIFT) program, was developed to help move innovation into practaecessfully developing systematic, proactive response and

in the wateyuality industiyhe LIFT Technology Evaluation education strategies in which public outrsaes @ppropriate
Program Working Group provides facility owners a forum for developmental materials and biosolids curriculums are in place, a
technology prioritization and evaluation. To date, the Working Growmell as ensuring that working relationships with key environmente
has selected five technology areas for evaluatirt: rétrodgen and public health organizations are cultivated. The biosolids sectc
removale(g., deammonification); phosphorus recovery; biosolids tshould also continue to leveragjbwild upon the existing

energy; electricity from wastewater; and predigestion. communication structure, which includes WEF, NBP, WERF, regi

associations, and utilities, and to emulate successful outreach
programs (such as t lwhichdvas&@u men
funded by WEF).

The theme of biosolids as a renewable resource is perhaps the ki
to repositioning both the role and value of bite®kteument
highlights ongoing activities in this area, existing and emerging
opportunities, potential atgdie, and activities required to fully
leverage biosolids potential.
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Section 1

Introduction

Today, our concept of @ben eResourdeeetovery svas@ fofabpoint bf the 2MBRVER s |

redefined both philosophically and liténadfiecting an report, title@harting the Future of Biosolids Management

expanded wisi of the resource recovery potential of which identified both oppititis and challenges for resource

municipal wastewater solidis. new perspective is reflected recovery in biosolids. This report builds upon the findings of

in the following WEI.1 policy statement: that 2011 fefrt, further exploring the frameworks,
technologieand outreach needed to fully leverage the

frhe Water Environment Federation supports a resource potential of municipal wastewater solids. (It should

comprehensive approach to wastewater treatment and solidge noted, however, that some pfiticipleand even

management that ensures the recycling and recovery of  tachnologies addressed in this repdrbeapplied to other
valuable resources including water, nutrients, organic mattehiomass sources, such as manures.)

and energy. o

Specific areas of focus for this report include the following
The paradigm shiftum wiew of beneficial use offers an resources explicitly noted i
unprecedented opportuniydosition biosolids as a (carbon), nutrierasd energilew technologies, however,
community resource too valuable to waste in the context of Rt extractirfgrther value frdinsolidé using them as
only renewable energy needs, but also in terms of urban feedstock, for exanfplebioplastic production and other
sustainabilityterests and soil depletion. materialsTheserinovative biosolitisrived products are

also discussed in the report.

Nutrients

Wastewater solids are
recognized as a source of

. | Organics

multiple recoverable assets. 4
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Section 2

Building a Framework for Resource Recovery:
Regulations and Policy

A sound regulatory framework and supporting policies are essentigl{toy 5 | Regulations and Policy

leverage resource recovery pot@hgampact of a strong regulatorﬁ/wo recent changes at the federdl ¢aeein regulation and the other
foundation, especially, cannot be underestimated, as evidenceﬁ1 ?appear tbmit the furecovery potential isdidsn some
impact of 40 CFR 503 regulation (and its underpinning pOIiCiesEggestheU.S. EPalarification of thvastewatesiudgelefinitioand

bIOSOIId_g)GHEﬂC'?I usein WS As Sho‘_’m the figure belothe the adoption @hewU.S Department of Agriculture (USDA) nutrient
proportion of solids directed to beneficial use more than doublqﬂé‘;\o&@emem standard

1984 to 199%/hile a variety of factorsiboiteid to the shift away

from disposal, the 503 rule created incentives for beneficial usg ard EPSludg®efinitioand Legitimacy Criteria

rgﬂect.ed the.S. I;nvwonmental Agedc3 EPA position that In March 2014,S. EPAlarified the definitiowa$tewatesiudge to

biosolids are an important resdWSEPA, 184). expressly define sludge as a nonhazardous solid waseslwhan
combustion unitis clarification is of confoemrocesses thaould
combust wastewater solids to recover their engrgy BRéA

2004 am— ‘ i Land Application flegitimacy critédar consideration as a renewable fuel are at the heal
ﬁ or Other of industry concerfie meethesecriteria, sludge must:
1 ‘ Beneficial Use
1998 — i Total Solids Have meaningful heating value and be used as a fuel in a
ﬂ Production combustion unit that recovers gnergy
i 40 CFR 503
1984 b ‘ Derived from: Be managed as a valuable comnaodity
w Metcalf and Eddy, . . )
| 1978; EPA, 1984; Contain contaminants at levels comparable to or lower than thos
- Rios, 1992; in traditional fuels whieghcombustion unit is designed to burn.
1979 EPA,1999; o .
(I Deashratidl Per thé).S. EPAvastewatesludge does not mees#triteria and is
3 ! ' 2007 defined as a solid waslastewater professionals cdtitahsome
0 5 10 sludges dan fact, meetetsecriterigespecially sludges that have

been drieddnd that the use of sludge and biosolids as a renewable fu
should be encouraged as part of théreffmn to promote green
energy.

Figurel: Historiproportion ablidsto landapplicatioor otherbeneficialse (millior
dry tonsl/year)

Conversely, regulations can constminceesecovery as well:

il egitimacy criteriao for r eWhidds EEPAas nbtumade 8 blankst deterngination thahwastewvater
solids are renewable fuels when bineédjency recently

This section expregulatory and polsyies that have the potentigbmulgated a new, categoricalaste determination rulemaking

to impact the trajectory of biosolids resource recow&§andhe process that could potentially be used to seek a nationwide exclusio

based upon thossuiss, identifies foundational changes needed {gastewater solids burned for energy reddSeBPER013).

advance the role of biosolids as a renewable resource.
Additionally, some utilitiee baught and receivaédU.S. EPA

Regu|atory0verview approval of their solidwastas r e

. petition processodo (a process a
On the federal level, current regulatory trends and policies app?ﬂ\rst%rocess allows generators or managers to dembhStrate to

consrict resource recovery, t_)Ut gther govern_men.tal rat_rj;enmes EPAThathei solids meet the legitimacy criteria, providing a pathway
voluntary efforts appeaseimoving in the opposite direction, as for individual solids to be classified as a renewkibtofuel.

described below. instances, where the generator and combustor are the same entity,

Enabling the Futubelvancing Resource Recovery from Biosolids 2|Page



legitimacy criteria andwaste determination procesb @n -fi s e
i mpl ement ed o Us.rE@Apdraval (Horhback, 201.2)

Thepotentialole of solids as a fuel lies not only in the hagds of
EPAbut, potentially, in the hands of state regulatorStasesdiave
the ability to set moregént requirements thla®. EPAand the
potential impactsaofy statspecific requirements, as wiikeas
potential basis of such requireinetsin in questidhoreover,
some states adopt policies that shape solids management stra
rulenaking can be a long and arduous process) and informal pc
(that discourage incineration, for example) could also limit the |
wastewater solids as a renewable fuel.

Triple
Super
Phosphate

WEP (% of Total P)

20.7
Typical
Biosolids

Nutrient Management Standard Revision =

O eso——
A recent standard issued by USDA exemplifies both the potent Detivedfrom: Branit, etal., 2004
constraints and comp@dhcing biosolids managers that wish thigurQ: Relativg@hosphoruavailability #fosolids anathemutriensources
include land application in their resource recoveryrtdahbaxy ) B )
20D, the USDA Natural Resources Conservation Service (NRCZ}L2)Incorporatingsroduespecific PSC can both improve the
revised its Code 590 Nutrient Management Siaailainde at predictive capability of a Pl and keep P management requirements f
http:/www.nresda.gov/internet/FSE_DOCUMENTS/stelprdb10282g2Verly restricte such, the adoption of source coefficients into
pdj. This federal standard essentiaIK/ a template theerstates Code 590 PlIs is a critical eldmsnstainable nutrient management

modify for their unique conditialenbgr013, defines approacheé’lamfir_‘g for.bioso.lidsjozen states now incorporate source
to manage nutrient sources such asesand biosolids that ar coefficients in their Pls, and several of those states include a biosoli

applied to the land. The new revision refledseffsb#o bring PSC of some kiAdiditionally, Pennsylvania and Maryland allow for
extractalP testing ttetermine prodisgtecific PSCBhe

more uniformity to state standards, most especially in the deveY&E'i’ﬁ _ } ’
and application of the primary tool used to assess risks from thiP¥R#¥ng tabshiows approaches to PSCs used in P Indices.

application of phosphorus (Pphbsphorus Index (Ri)d for the
first time, the new standard explicitly includes biosolids in the materials
that it covers.

Pennsylvania Most

Although Code 590 was originally intended for use by farmers P Source Florida Virginia States

participating in NRCS assistance proghaistseén incorpordte
into regulations governing manure management and in some s p"'"?rra' 1.0 1.0
biosolids land application regulations and/or permithas, wied. EREET,

standartias taken on the weight of law for biosolids application: =1z e e[ [ 0.8 0.8
some states, especially those in tidlamtic region; in these state: Allalineor
biosolids application rates generally reflect phosphorus manag =& e 1] 0.4

requirements. Stabilized

Composted

In general, the move towdrddeéd management poses a significa BiBLolids

challenge to biosolids land application programs, as it can resu
reduced application rates and, consequently, an increase in the alGrld=
area required for such programs. The issue is exacerbated by 1 ﬁLkaatl 'Sfiesa

that most Pls do not account for the differing P availability from &2

sourcesthiss especially critiad rsearch has shown that many  Tablel: Selecphosphorusourcecoefficients used iinBices
biosolids products have lower P availability than fertilizers and m.c..c. .o

The following figullestrates the differing P availability for these | t 1S i mportant to note that t]
materials, as measured by Water Extractable Phosphorus. management extends well beyond their approaSbieritate

practicing P management rely on soil P threshold values to manage
Phosphorus availabitityiosolids shouldibend in some cases, landapplied biosolicill others have nbdsed requirements at this
alreadyhasbeen ef | ect ed i n Pl s tTher oimgand refgn nisrehesedeapplicatigates fer nuwriené nt s o .
P source coefficient (PSC) franagemerhisvased appmach isexpecteptioyedioether al a
P source relative to in¢lig,anic P fertilizerd, which has a
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foreseeable future and should be considered when assessing potewed equippetb accommodate mixed biomass recovery in
impacts of-Pased management in various locales. digesters.

Regulatory Status of Biosdédsed Products Because solid waste and wastepetaitting are generally-saet

The focus on renewatderced products in general, coupled with @gfivities, solutsto this conundrareappearing at a state level as
industryspecific need to diversify biosolids outlets, has led to inYét#ates can also be more agile and flexible than the federal
solidderived products such as biodegradable plastics, which w@¥ernment, and are better positioned to enact changes to support |
never envisioned when the 503 rule was promulgated (Section@ndions and demands.

provides additi on alcts)While thasd o ontradition

fi . alo rodu . .
products fall well within the paradigm of beneficial use, some d‘|AI‘\;|thougﬂ many states are believed to be graPppllng with this issue, .
ree recovery i

erge . . .
significantly from Atraditi Osgva(g,’rlalgav ai|r%a%y(l)an|IIfI8dspaﬂ?Srt]O fagngatte 1€SQUIEE SRR
. S - . igesterdAs described below, the approachebuwtaai,reflect a
accordingly, the applicability of the 503 rule is in question and t " " , i
. : recognitioof the opportilies to meet both solid waste reduction and
regulatory status of theselucts is far from certain.

biogas optimization goals through mixed biomass digestion.

Because of the relatively eleihglopmentatus for some of these
products, the regulatory framework for their us~ “=~~

not been defined, but vendors of such product:
seeking feedback from regulators to guide the!
they seek to enter the marketplace. As the por
new solidderived pducts expands, defining an
approach to regulations that reflects the divers
these products will become increasingly impor

Massachusetts
* Policy to promote
Do ~| renewable fuels

_ | * Rule modifications to
| support policy

State Regulation and Policy
While ongoing federal regulatory activity does
generally appear to support resourceryeitom
biosolids, somstatelevel regulatory actions and
policies are specifically attempting to remove W
regulatory barriers to resource recbvesg. Califoria W
activities azerewadsrtievein ;ai‘;l';aj‘:;’j‘fjﬁ;"_:;::s N
in many cities, which seek to maxiendigdtsion | coordination

of recyclables away from landéjjsexampled

statebased regulations and policies intended to faciliteFigures: State regulatory approaches to mixed biomass digestion

digestion and californiacs r@fid fiuagehcy Périting Prarfidufork! r 29 e
compostingyediscussed below. The digestion of wastewater solids atRRi® igWregulated by the
Ohi o Environment al Protection
through thidational Pollutant Discharge Elimination SPDES (
) rogram, while foodw r ing is regul hrough the Divisi
separated organics (SSOs) such as food seedpsrasource b 0.9 am, e food a§te processing 1s regu atth ough the s
- Solid Waste and Infectioast®ManagemeRaced with requests to

recoverfacilities (WRRFs)s created a regulatory conunsioorid . . . o .

; . . . process foodwaste iRR¥digestion facilities, the state has assigned
WRRHFdigesterprocessing these matebalgeated as solid waste 0Or. L e . . .

: s . rprlr.?ac(yato the Surface Water Division for permitting involving biosol

wastewater processing facilities? The conflict stems from the tradjtional L .
. . ut Prowdes for feedback from other relevant divisions during the
handling of FOG and food waste treatment under solid waste rgglrj ations

(specifcally tResource Conservation and Recovegoatie p 11118 MRS R80T PR Y TRl ERE O
which covers nonhazardous solid wast43 Gl Part 258hich gency, bp 9

. . . . . . i Concentrated Animal Feeding Operations, with the Department of
covers landfillgrsus biosolids digestion, which is typically regul tegcgulture leading the permitting effort: fagiittimgbther

by Clean Water Act requireniargeme states, the processing of 1o : : ) . .
S . materials (i,ehat do not include biosolidganures) are usually
waste and other organics iRRMigester may result in the

designation of the digester as a solid waste processing facility permitted through the Solid Waste [iisioycle, 2009)

« Permitting framework to
support multi-agency
collaboration

CoDigestioriregulations
The trend tovehdigestinfats oils andgreasgFOGand source

The question of how to permit such facilities is complicated by M@?&%@Chusetts: Poliyyen Rule MOdlflcatlonS N
that neither solid waste nor asdity regulations were intehded 1"€ Massachusetts Department of Environmental Pragation (DE
now focusing a great deal of attent®80s and, as part of the
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Massachusetts Organics Actionttidagency has announced its

California: Rule Modifications to Eliminate Regulatory

intention to ban certain large scalén@ityutional) SSO from Iandfil@ve”ap

in 2014. While waste diversion isaaypgioal, a cornerstone of its

CalRecycle, the primary solid waste regulatory agency jnsCalifornia

policy is suppigrenewable e”ergy in the state through its CleaBropos:ing to excludBRRE that process select organics from its solid
Energy Results Prograiwough this program, the state hopes to \%&8 transfer/processing ave@sel digestioegulationhe

50MW of biogdsrived power in place by A0#0processing of

SSOs in digesteraiprimary tool to accomplish these objectives

proposal recognizes thaRéngional Water Quality Control Board
oversight may fAadequately addr

Toward this end, two significant regulatory changes were enacfggemtion and residual sai@isagement of specific tgpesganic

November 2012, one to the solid waste regulations and one to
wastewater regulatidrtee solid waste rules were changed to allo

steamlined siting of facilities that process SSOnipast or

%%terialforfcbi ge.Prtapoonsdted revi sions ex
'\I,'\;Efg]tment Works Treatment Plant that receivesaretmohted solid

waste that is an anaerobically digestible material for the purpose of

anaerobic digestion facilifiés® wastewater rules were changed tgnaerobic atigestion with PGV wa s (CaReeytle@01pThe

allow foWWRRFsvith anaerobic digesters to accept and process SDOf bnition

(Beecher, 2012).

Statelevel Programs to Advance
Energy Recovery:

The Massachusetts Clean Energy
Results Program

Thi s pr o gotitgkm nids paa ritfnierrssthi p
Massachusetts DEP (MassDEP) and the Massachusetts D
of Energy Resources. Launched in Novembeii 2041 | d g
MassDE®unique regulatory expertise and authority to supp
Massachusetts Department of Energy Resources in advang
permitting and development of renewable energy and ener
efficiency pr oj ec tFer mareimfornsaso
see: httwww.mass.gov/dep/energy/cerpprogram.htm

Advancing renewable energy & energy efficiency in the Commonwealth

CLEANENERGYRESULTS
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of fAanaerobically di
grease and specific vegetative food n@adiRatyle may approve

other organic feedstocks on abyasese basis, via a madgency

proces that includes consultation with the State Water Resources
Control Board and the California Department of Food and Agricultur:
Additional details on the changes, which were proposed in Septemb
2012, can be found at
http://www.calrecycle.ca.gov/laws/Rulemaking/Compost/1stDiscDra

ue5.pdf

Policy and Planning

With respect to poling alanning, the overarching driver for resource
recovery is the broader focus on sustainability, viewed through the
perspective of TBL analyses that reflect environmenta) aecbnomic
social concernighis focal shift is reflected in the increasind Bke
analyses for solids planning, but is also driving research, voluntary
programsnd a renewed interest in the environmental benefits of
biosolidsAs shown the figure bel@md described below, many of
these focal poiiiteshich are actually tools to forward resource
recovery address multiple elements in the sustainability trifecta.

<O NO M/C

Public Private
Partnerships

Product Soil &
Market- EMS Improve- ¢
/ _ ahility ment 2
-
~/ Product »
Sf Stewardship )
Q =2
(@) Odor Carbon §
o\ Research Safiry Footprint m
\ Research e
\ &
\. &
Figuret: Biosolidsustainableanagemerfibcal
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Partnerships Product Marketability Criteria

The paradigm shift to resource recovery is beingoththarteatsh Diverdy is a key tenet of sustainable solids management, and towart
econongireality that capital funding budgets are being stretchedhatteed, utilities are seeking multiple outlets for theirseneveable
breaking point and that economics continue to influence (if not pladircse which today include biosolids,svidggeecialty fertilizers.
decisioimaking and, in some cases, prevent the investment in ifosdlidgas, access to markets suchicls ¥gel is a functidgas
management choices that offer the gmragsth environmental cleaning and compression, while specialty fertilizers (such as the
benefit. One trend that has developed in response tothesedugd hosphorus fertilizer resultini
pressures is the growth of partnerships that benefit all participamiatketed by process ven&aguirements for entering retail biosolids
Partnership opportunities can take several forms, including privatirkets ypically with a composted o+dhnieak biosolid) are more
enterprise fundjegllaborain vith Energy Service Compaares  complicated, however, as utilities need to satisfy customers that ran
the development of synergistic relationships between whktieswatesm homeowners to farmers. Toward that end, biosolids products
and other municidapartments, industry, and manufacturersofme@ et not only r egul a&tyorcyikedreirti e
technologies. those characteristics that are critical to targeted customers.

Biosolids marketability criteria include two basic parameters: consist

Case Study; The USCC Seal of Testinc (of both supply and quality) and product charaEtesiséds.

. characteristics generally vary by product and are highkigtetblin
Assurance (STA) FPm)g Role in Texas belowAdditional information on specific criteria can ib®#sigd

Compost Market Development of Municipal Wastewater Treatment(RI&Rs2011).

STA testing is the foundation requirement for all compc _
by the Texas Department of Transportation (TxDOT). S Compost Heatdried Product

the STA program was developed, TwD@®ihg with the pPH _ Particleize
o . . Soluble salSaltindex Nutrient content

Texas Commission on Environmental Quality (TCEQ) Nutrient content Durability (hardness)
incorporated STA testing requirements into new specifi Wateholding capacity Dust
for a variety of compost products used in their projects. Bulk density Odor
ensure that they had access to the large TXDOT marke Moisture content Bulk density
allTexas compost producers joined the STA program, Organic matter content Soluble salts
participating in required testing. The stringent quality Particle size  Heating value

. . . " Maturity (phytotoxicity)
requirements in the specifications were critical to TxDC Stability
contractors bidding on TxDOT projects, as they provide elar

with the assurance thatcomposts they purchased woul
suitable for their needs. Today, TXDOT is believed to b
largest user of compost in the nation, purchasing aboult Table2: ProduaualitycriterigSourceDerived from WEF, 2010)
cubic yards annually for its construction projects.
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Fewof the parameters noted are regulatory in nature, although stability responsible for odors after dewatering, but indole; skatole, p
and odor criteria in some respects are intended to be addressed by thecresgland butyric acid contribute to odors that might be

503 ruleds Vector Attraction
requirements are not mds&sed, however, ancctonposts, at

least, a robust approaaghdasuré and uniformly compare products
with respect tanarketability critdrasbeen developed by ths.
Composting Council (UST@).USCC effort, which culminated in its
Seal of Testing Approval (STéyaoncand the testing method manual
that supports the progrBest Methods for the Examination of
Composting and Comp@s&CC20@). The USCC effort, many

years in the making, was initiated on the simple principles that: (1)
material testing is needed to verify produc{anarkafetgjaims

and(2)that product data should be truly comparable for all customers ina n d

order to be meaningdfhk resultimograns an example of critéria
and, critically, associated téstingeloped to support product
markets that might serve as a model for other biosolids products.

In Qébec, the Bureau nlermagationdu Québec (BNQ) offers a

R e cemitted over ihe Igagnadrring storgeuTherreseaech t s .

further found that shear during dewatering and conveyance
contibutes tgshorterm odors and that higher shear
operations (centrifuge dewatering, screw conveyance) and
polymer can have an impact asasly, the researchers
determined that while digestion in general decreases odors,
the improvement may not nadeetreduction objectivdwe

project team is currently working with utilities to assess
mitigation measures for broader future application.

Sudden Increase/Regrivitth e t er ms fAsudde
iregrowtho refer to inc
observed in some types of dewatered and anaerobically
digested biosolids. Specifisaliiylen increase (Sl)

defined as an increase observed in freshly dealegered c
whileregrowtis defined as an increase observed in stored
biosolidsResearchers found that the higher shear that

biosolids quality certification program for biosolids composts and pelletcontributes to cake odors is also a factor in both Sl and

fertilizerSeveralibsolids programs in Québec (and other provinces)
have had their biosolids products cditigguébec environment

regrowth in digested cake (WERF, RigfER}ion processes
had differing iaxgis on Sl, however, with the phenomenon

ministry removes all regulation from the use of any product certified by Observed more frequently with thermophilically digested (an

BNQ.

centrifuged) biosolids (WERF, A0iE2project team has

identified strategies to address both S| and regrowth, and is
currently assessing the effee8genf those strategies in the

Research (Odor and Safety) field

Public acceptance is criticabtamizing the recovery of nutrients,

organigsand other resources through land applieaikey Because of the importance of odor and perceived safety concerns tc
impediments to public acceptance are odors and the perceivedssateipaiiility of land application as a biosolids recycling approach,
biosolidsand WERF recently brotgggarchddressing these issue¥ERF has invested and continues to invest in additional research in
together insingle comprehensive project knowrRagtbeth,  these isues Appendix Bsts additional research in these Aseas.
Odorsand Sudden Incred@sejectThe project is comprised of twonoted in the appendix, the research extends into emerging issues st
separate but interrelated research trains: as trace organics and nanoparticles.

1 Biosolids Odar8uilding on a decade of researchon  Carbon Footprint

biosolids odors, the researchiseavestigating SHefM 5o me have noted that climate change may be a key driver of biosoli
and longerm odor characteristics and approaches to ret‘?\‘:‘;\(heagement strategies in the.fthileneither the federal

those odorShe researchers found that odors do, in fact overnment nor most states requira@useryas (GHG) reductions

change with time, reflecting the release of different co Pwnqjs . . o
(WERF, 2012). Volatile organic sulfur arcel at this timéhere is nonetheless an increased focus on both quantifyir
' ' g I 9ely and reducing carbon footprints from biosolids operations, and a

General Pattern of Odor Production corresponding emphasis on renewable fuels. This interest may refle
oo 1o sense that regulations are pending, as well as a gnamiessafa
_ A - 039 our rolén a sustainable urban ecologlye t er m ficar bor
2 200 - - 08 : : f ool :
£ 0‘ [ often used to discuss GHG impacts, as their emission rates are typi
% 150 - :. - 06 guantified in terms of carbon dioxigee(@®alents. This measure
2 A
= |I . L — 05 . . . .
£ o0 i L. — & ‘\ N | o reflects the varying globahwnay pential of different greaunse
g " ~ AT A, E gases.
6 50! ’ SO A 02
“ 1! _ { :’l ) /} \ F o1
0 > 2, - 0.0
0 20 40 60 80 100 120 140 Carbon Dioxide 1
Time(days)
Methane 23
— @ VOSC A Indoletskatole  =<=#==p-cresol == =Butyricacid
Nitrous Oxide 296

Figures: Biosolidedorproductionvertime (WERF, 2012)

Table3: Carbon dioxideuivalentsfgreemousegases
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Solids treatment and disposal/use openaipotential emitters of Utilities are increasingly scrutinizing their operations to assess ways
GHGs, but biosolids management programs also offer opportungtizeéotheir carbon footprints but, to date, a tappistach for

reduce net greenhouse gas emissmugtthe use of biosolids as @stimating GHG emissions has proven to be elusive. A number of
resource. Biosolids themselves do not impact a carbon footprirgrgenizagions around the world have developed protocols for GHG
ar e A n e veateddrent photosynthesis and biogenic in origstimates, and although many follow the general approach adopted
(Biogenic C@riginates from the decomposition of organic mattehéha®0@tergovernmental Panel on Climatg&RPCQ

was created by recent photosynthesis; the emission of hiogeni&GGi@elines for National Greenhouse Gas Inventories (IPCC, 2006), t
does not create a net increasezisil@® the carbon is recently  protocols vary in many ways. In North America, it appears that effort
derived from atmospherig)CO may be focusing on a protocol published by The Climate Registry (T

General Reporting Protocol (200@8)) attempts to integrate several
Biosolids processing and management activities can reduce ordpgis8tate protocols.

a facilit carbon footprint, however, as ghdvenfigure below

Chemicals, fuel, and electricity used in processing can increas®&td@ upon the TCR protocdlahadian Council of Ministers of the
impacts if thegquire the combustion of fossiA\fisgher source of EnvironmenECMEhas developed an emissions model specifically fo
GHG impacts from biosolids operations is the convegsion of C@iosolids management programs, the Biosolids Emissions Assessm
nitrogen into more potent GH@s might occur via the conversionMddel, or BEAM (SYLVIS, 2009). To our knowledyefithis is
biogenic carbon to methane in digesters (if the methaheoesdapgovernment agersponsored model for biosolids GHG estimates that
the release of nitrous oxide from the application of biosadids to baddeen developed. CCME (2009) notes that the BEAM can be use
biosolids combustiBiosolids management can provide significadefine existing GHG emissions, assess GHG reduction opportunities
opportunities for GHG redudtiomsgh the generation and use of and document GHG reductions for emerging carbon markets (with
biogas, replacing mineral fertdizérsequestering carbon isdihe independent verification).

(carbon sequestration and fertilizer replacement are discussed further in
Section 3). The desire to take advantage ofiegieagbon markets has

presented a quandary for some utilities. At present, the value of cart
credits is low. Some utilities may choose to postpone proposed GHC
reduction measures until those markets mature, fearing that
implementing them earlier wbatte their baseline footprint and

make them ineligible for such crwditseing said, the general push

for sustainability and resource recovery has minimized the focus on
credits at this time, but an improved credit value could incentivize uti
to pursue resource recovery programs.

GHG FUGITIVE EMISSIONS

IMPACTS
PHOTOSYNTHETIC CHEMICALS
caRBoN FUEL
FROM BIOSOLIDS

ELECTRICITY.
NET GAS PRODUCED

NUTRIENTS RECYCLED

GHG SEQUESTRATION OF
OFFSETS PHOTOSYNTHETIC
CARBON

LAND APPLICATION

SOILIMPROVEMENTS

Figures: Biosolids carbon accounting
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Voluntary Programs Though ingllly offered as a certification proghgtmeBPMnow

As indicated by the discussions above, meeting existing regula%fr?fs a tiered systtimat includescognized programs (bronze

requirements is not always sufficient to ensure publiaaacceptant(broljgh gold) as well as the traditional patiifigdl prograrf$uis

Toward that end, several programs have been developed that ft yvas maqe 0 recognize, in particular, thaséargahat
optimized biosolids quality, management tioegublic that have committed to and trained for NBP goals, but have not had

outreach, with the goal of alleviating public cﬁhmgh.improvedab'l'ty to meet financial commitments for the pragfaliowing

public acceptance, these programs advarnes tfieggource tableprovides an overview of the difBviiiers.
recoveryExamples of programs that fall into this category are the

National Biosolids Partnership (NBP) Environmental Managen NBPBVPTier Summary

System (EMS) and voluntary programs to divert pharmaceutic

personal care products (PPCPs) from veaasteddtiosolids.

Third Party Every 5 years Initialand at 5 Ready per NBP- Goal

National Biosolids PartneB&lip EMSJ Verification years AppTOuRGaIAIE
. . . Audit

TheNBPBiosolids Management Pro@dP (EMSis a \{oluntary. mm F—— — r— ——
program that uses a flexible framework to help public and privi nteral Audits ~ third party
organizations improve the quality of their biosolids manageme 17swp Implement Implement Implement Goal
programs. TiRMPframework is designed to accommodate all ty Elements
biosolids management practicds bagedn elementhat NePCodear  Implement  Implement  Implement Comimit

. T . Good Practice
encompass all levels pfagram, includipglicymaking, _
Tabled: BMP tier summary

management planning, program implementation, measuremer.. .. _. ) _
corrective action, and management review It should be noted that while the NBP program was developed prima

to focus on environmental and social issues, the program can also o
Organizations that acheMV&certification financial benefits to participants in terms of improved and more effici
are committed to the use of best manage [ operations

practices and conf Ll  he NBP6s Code of
Good Practice. Over 30 organizations " Additional information on the program can be found at:

representing more than 12% of the bioso http://www.wef.org/Biosolids/page.aspx?id=7554&ekmensel=c57dfa

generated in the U.S., have achieved 127_0_7554.3
certification.

Product Stewardship Programs

One of the key faias of thBMPprogram is Concerns regarding microconstituents (origingtimay fnaceuticals

the use of thipdrty audits to improve the andpersnal care products) persist among the public, although resea
credibility of the biosolids program with the public. The audits aigsl@tgpmine the effects of biobolide microconstituents is still
participants identify areas of strength as well as areas of weakn@stetnay. Moreover, resdaashd regulations are likely years away.
can be improved upon. In the interim, product stewardship and podiugintion programs
(PPPs) offer an approach to minimize micrestmetitaring the
wastestreaand maximize both biosolids quality and resource recove
potential.

The RTDMPoBND carnsmai gn
example. Created byuhs. Fish and Wildlife
Service, the American Pharmacists Associ
and the Pharmaceutical Research and S M A T
Manufacturer; of Ametica program DISPOSAL.
promotes environmentally protective alterna erescripton for a Heaitny pranet
to flushing medications or pouring them down

the drainVaiMarts a participating to@r in the program and is
promoting the campaign through its pharAtaiesial information
on the program can be fourdtptt/smarxtdisposal.net/index.html

The Product Stewardship InstitBtstarbased nonprofit group, is
also promoting environmentally protective disposal, but is also worki
to encourage manufacturers, legidatbisthers to support such
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programs as part of a broader initiative to reduce the health and
environmentalpacts of a variety of consumer products.

Summargf Needs

As evidenced above, a wide range of actionsiraet saqegulatory
and policy levels to advance resource recovery in biosolids.

The theme of biosolids as a renewable resource is perh&ps the key
repositioning both the role and value of bidsslictsuld involve
recognizing biosolids as a source of recyclable nutrieagsy@ll, P),

as achieving formal designation as a renewable fuel resource on a
federal levéla critical step not dolgxpanded use of wastewater
solids as a renewable fuel, but also to positioning utilities to take
advantage of Renewable Portfolio Standards.

Other critical activities include

Continued efforts to promote and faciliteagemnaiti

coordinatiomwhich will be critical to addressing overlapping

regulations and responsibilities as the lines between solid waste

management and wastewater treatment blur. Additionally,

coordination will be required to emphasize the concept of

Amaxi mum enefirtoamemtraégbleat ory devel opment to
minimize regulations that shift pollutant issues from one medium to

another (i.gir to water), rather than effectively and holistically

managing pollutants.

Collaboration between experienced biosolids practitioners an
regulatoras new products emerge from wastewater and biosolids
processing (such as fertilizer derived from struvite) and questions
arise as to how (or if) those products should be regulated.

The devel opment of -Addeaiméuets abi |l ity criteriaodo for value
using the USCC Seal of Testing Agprd\BIN@rogram as a

modelPrevious WERF studies on the subject of biosolids stability

(Switzenbaumadt 1997Switzenbaum et 2002 could provide

a springboard for test methods and protocoldthedquiired.

Continued expansion of voluntary programs that support biosolids
gualitysuch as the NBP EMS and PPPs.

Continued research to address public uncertainties regarding
biosolids safefjhough this research is critical, it is equally
importartb ensure the research findings are effectively
disseminated to practitioners and theSpégific education and
outreach needs and potential solutions are addressed in Section 7
of this report.
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http://prwreri.uprm.edu/publications/Development%200f%20the%2Practice No. 7@jaterEnvironment Federatibiexandria,
Sludge%20Disposal%20Plan%20for%20Puerto%20Rico.pdf Virginia.

(accessed May, ZD13)
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Section 3

Organics RecycliAgNew Perspective

The recycling of organics through application to the land has bédenshowhelow, lanate change can exacerbatesgodldhtion via
practiced for millennia, with farmers long recognizing the benefitse thechanisrhggher temperatures can increase microbial

organic matter and nutrients in manures, higinidsaibre recently, decomposition of S@Mught can lead to wind erosion and loss of
biosolids tosoil and crop systeihile these benefits are still a fa8&lM, while flooding can scour the soil surface and reduce SOM (va
point, our perspective has expanded to include benefits associdezuBath et al., 20@)these degradation processes, érbgion

carbon footprint and climate change, as biosolids provide oppovtindt@swatéthas the most severe impact on soil SOC content (Lal,

for GHG reductions through carbon sequestidédilizer

production offsethiey can also play a role in sustainable soil

management by building better soils. This section explc
these relationships.

Soils and Climate Change

The relationship between biosolids applied to the land ¢
climate change is best viewed in the broader context of
sustainable soil management, considering not only how
soils have changed with intensive cultivation, but aso
soil impacts dteclimate chang@ne soil parameter
impacted by both agricultural practices and climate cha
SOCSOC comprises about 50% of soil organic matter (
which also includes materials from plants, animals
microorganisms (livinglead) (Overstreet and @eJon
Hughes, 2009).

. Climate Change |

2004)

Climate Impact SOM Loss
Increased

Brought Wind Erosion

Increased
Microbial
Degradation

Higher

Temperatures

Increased

Flooding Water Erosion

Figurer: Climatehangempacts osoilorganieratter (SOM)

The impact of erosion on soils cannot be underestimated. Erosion c:

Agriculture takaseavy toll on SOM, and tludses indicate that theemove the most fertile part of soil, reducing productivity up to 50% :
heavily farmed MidwesteBnsdils have lost 850% of their SOC in theU.Salone, the annual cost of erosion loss is estimated to be $4
level since they have been cultivated (Lah2882vn the figure, pillion/per year (Eswatal, 2001).

intensive agricultural

practices can | ead to a

Asoil degra

increasing cultivation can ultimately lead to poor soils and declialingateophange impacts oargoilot limited to loss of fertility: soil

yields, and therefore ever increasing cultivatipwiniebdurther

degrade soils.

Intensive tillage,
soll erosion and

insufficient
added residues \
Aggregates
Soil organic break
matter d«nmg
Exlon by wind
faces b and water increases
compacted, ‘\\

crust forms \

More
soll organic ﬁf -
Less soll water st ,
panw fslom less diversity ofs0H -
organism, fewer
yields dechine nutrients for plants

Figures: Soildegradatiospiral gdapted from Magdoff and Van Es, 2009)

Enabling the Futubelvancing ResouRecovery from Biosolids

compaction is also a critical i€sumpacted soils can increase energy
costs for tillage by 50% (Raper et al., 2000) and can reduce yields b
to 20% (lowa State Univeghigo).

Biosolids can play a critical role with respect to climate change and i
impacts on soil by providing the SOC and organic matter to build soi

The addition of biosolids can also sequester carbon in the soil. Lal
(2002) estimates that about 60 to 70% of the SOC I8strfichm U
western soils could beeguestered through the adoption of
recommended soitlamop management practices, such as the
conversion from plow tidntlothero n
practices.
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In addition to SOC Idiss,increased reliance on fertilizers to maim@écronutrients (nitrogen, phosphorus, potaaiiaimin lower
soils productivity has a strong carbon fioapadttas fertilizer concentrations than minetdiZers and their use can offset fertilizer
production, distributaomd use contribute 2.5% to global GHG  requirementbigsolids also contain micronutrients, such as iron and
emissions (IFA, 20@%shown ithe figure belpliosolids contain  zinc).
The potential role of biosolids in carbon footprintiretutititizer
replacement and carbajusstrationis described below.

Nitrogen | mon

Phosphate |

Potash |
W

0 5 10 15 20 60 65 70 75 80 85
% (dry weight basis)

Biosolids ™ Stored Manures M Mineral Fertilizers
Tables: Biosolidspanureandfertilizemacronutriegbntent

Biosolids and Carbon Accounting

As noted in Section 2, protocols to estimate GHG emissions from
biosolids processes are still evolving, but the development of BEAM
provides a strong foundation for such assef3aveliped at the
request of the CCME, BEavbe used to define existing GHG
emissions, assess GHG reduction opportunities, and@ldGment
reductions for emerging carbon markets (SYLVIEp0®)esses
addressed in the model are simative following figusdaich also
indicates GHG impacts and offsets associaslitigitbcesisg
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Conditioning -
Thickening

uonsnquiod

Landfill

Storage ~ Aerobic .
Lagoon Digestion Dewatering

uonezijiqes
aul|ey|y

Anaerobic
Digestion

Composting

Land Application

g

GHG Impacts GHG Offsets
“=+ €0,- Gas & Oil Combustion =L €O,~ Avoided Gas & Oil Combustion, Carbon Sequestration
4 ©0,— Purchased Electricity @ €O, — Avoided Purchased Electricity

CO,— Polymer Use & Lime Use CO,— Avoided Fertilizer Use, Avoided Cement Manufacture

G CH,— Methane Emissions

4 n,0- Nitrous Oxide Emissions
Figured: Biosolids GH@pacts andffsets (Bown et al2010)

Forthe purposes of this report, key areas of focus include fertilie’arbO n Seq uestratio n

replacement and carbon sequestration, both described below.

Ferti | izer Re |acement Atmospheric €las increased by more than 30% since 1750, with
p losses of SOC contributing significantly to the increase: of the estim:

Biosolids can reduce agricultural éaoyanrints through fertilizer  240to 300 billion ton$ CQemitted since the industrial revolution, and

production offsets to meet plant nutrient requifbeeatarted an estimated 6®80 billion tons have been contributed by the SOC

GHG offset values for fertilizer replacement vary in literature, bppbb@ed, 2004

upon the data presentékhivie fthe BEAM model assumes values of

4 and 2 kg G&Jkg fonitrogenN) and P, respectively (Bretnad.,

2010)The default values are expected to be conservative, as they do

not distinguish between plant available and total nutrient content and do

not account for the micronutrients (and macraudhersts

potassium) that are present in biosolidsgBab@o10).
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3 gCo@perg Usedsitting 1979 to calculate

Browrand Leonard
(2004

Murraet al. 2008

Kimand Dal€008

Intergovernmental
Panel on Climate
Change (IPC@006

Recycled Organics
Unit(2006

Schlesing€t999

Biosolidand global
warming: Evaluating tt
management impacts

Hybridifecycle
environmental and cos
inventory efastewater
sludge treatment and
enduse scenarios: a
case study from China

Effects of nitrogen
fertilizer application on
greenhouse gas
emissions and
economics of corn

production

Guidelines for Nationa
Greenhouse Gas
Inventories

Lifecycle inventory anc
lifecycle assessment fi
windrow composting
systems

Carbon sequestration
soils: some cautions

amidst optimism

BioCyclédug

EnvironSciTecimol
Published online 3/20/0:

Environ. Sdiecimol. 42
6028-6033

htp://www.ipec
nggip.iges.or.jphdic/200
6gl/index.html

Uniersityof New South
Wales, Sydney, Australi
http://www.recycl
edorganics.com/publica
s/report

s/Ilcal/lca.htm

Agriculture,
Ecosystems Environ.
,82,121127

P
3.69CO 4.86 g CO
pergN perg P
3.:4.7 g of

CQpergN

1.3 gof CO

pergN

3.96 g of 1.76 g of GO

CQpergN pergP

459 Co
pergN

energy required for P productic
and IPCC factor used for N for
multiplier to take into account
transport and production
inefficiencies

Total emissions from all other
fertilizer use (P, K, S, lime,
pesticides and herbicides) simi
to N fertilizer emission

Manufacture only

Potassium, factor of 1.36 giver

1.436 moles of €Oper mole of
N

Tables: Reportestaluegorenergy requirgaproducgranspoyandapply synthetic fertilizers (Brown et al., 2010)
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In his comprehensive repasbitcarbon sequestration and climateC storage is also impacted by climate and soil type (Lal et al., 2007)
change,L42004) <cited repl eni s hi e followirg figilestrates the im@act bf differing dimpagies gnd soits
strategy to offset (but not eliminate) increases in atmosinetic @@ sequestration.

estimated the cumulative potentialcafBoisequestration to be 30
to60 billion tons overt@50 years. Because othetors

specifically fossil fueliusentribute so heavily tae @fiissions,
however, he also notes that carbon sequestration has a limited
ciitical) potential to impact climate change; nonetheless, becaus

Carbon Sequestration Potential

v
Light-textured soils Heavy-textured soils

improves soil quality,dll s equestration is
afford to ignoreo. Well-drainedsoils  Poorly-drained soils
Recognizing the role that biosolids can play in sequestering car ~ Warm climate Cool climate
research on this topic has intensified over the last decade or sc 2 ST
o . . . i ) Dry climate Humid climate
while information remains sparsayeladentifiedndincluded in
the BEAM modsee below) FigurelQ Impact of differing climates and soils on sequestration

Generally, depleted soils (those with low SOM) and distuffexd lands
particular promise for C sequestration, and the use of biosolids on
OUENLIERNESNI  reclaimed lands has therefore been tadiss of threeSUuand
C Storage two Canadian mines demonstrated that biosolids addition enhanced
(Y[Rl  carbon storage in reclaimed mine soilstlimdévgry Mg of biosolids
\VRIECIS)N  applied resulted in 0.03 to 0.31 Mg of carbon stored in soil. (Trlica,
2010)In a longer term study covering decades of biosolids applicatio
for land reclamation in Fulton County, lllinois, Tian et al. (2009) foun

Land use Summary

Dryland wheat, Curulative loading rate of4(8 . . .
conventional tilage Mg hal . Site 14 years old 1.951.6 that the naa net C sequestration in amended fields was 1.78 Mg C/h
yr-, compared to values ranging0t@rto 0.17 Mg Cthatlin
Annual application from 1993 fertilizer control fields
Surface application tt 2000, sampled in 2008, cumul
fescue loading ratesi&01 Mg ha 0.150.3 Despite the promising role of biosolids for sequestering carbon,

additional research is needeetter support carbon footprint
accounting tools such as the BEAM maoet#act the broad

diversity of biosolids management practices currently employed.
Additionally, GHG impacts from land application must be considerec
when considering the olveaabon footprint of this prattiese

include transportation impacts (which can be minimal in many cases

. . ) ) . and nitrous oxielmissions.
The table illustrates a critical consideration when quantifying carbon

sequestration from biosolids amendmeatsotim of carbon It is also critical to remember that even if carbon accounting tools sh
sequestered will vary according to land use and management phagli§eg.application does not offgetitest carbon footprint

with surface applications apparently yielding lower C storage thaafigles (or lowest cost), the value of biosolids for improving soil $
one time applications (such as might be seen for vegetation  soMand soil tilth should not be ignored.

establishment on roadway embatskoneaclamation).

Single 147 Mgda application :
Roadside, incorporat years prior to sampling 1.74

Tabler: Carborsequestratidn biosolidamendedoils(Kurtz, 2010)
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Enabling Organics Recycling Carbon Footpribdbcumentation
r;léh%ﬁ(FAM model discussed above provides a solid foundation for

guantifying the carbon footprint of biosolids operations, but additionz
dataareneeded to expand and strengthen theSpedéically,

Research to address persistent uncertainties regarding bioggfiifonal data on carbon sequestefliecting the depth and breadth
safety of biosolids practices across the comrtiaragded. Additionally,

. ) . . 8dditional information regarding nitrous oxide emissions from land
Further demonstration of the benefits of biosolids as amen meints. .
atioand combustion aexded to strengthen the model.

with a focus on their role in restoring depleted and disturbe%‘ogt)lﬁ:s

Fully leveraging the resource potential of biosolids applied to t
requireshe followirkey areas of focus:

Further research and documentation of the carbon footprint impacts
of land application activitied

Broaebased and effective communications regarding all of the
above.

Research taddress Uncertainties

Focusing on land application (rather than product marketability issues
discussed in Section 2), research is required to address both existing
and emerging concerns regarding biosolids safety.

Specific research areas requiring attecticle:

Odoii Continued research into processes to reduce biosolids odor,
a primary public concernaadriver of resistance to biosolids use,

is warranted. This information would supplement the significant
work done by WERF over the last decade tinessonechanisms

of odor generation.

Stability Stability is closely related to odortaedeifora
recommended focus going forward. Key focus areas for further
investigation should build upon existing research and, as noted in
Section 2, resulniew stability measurements and methods.

Emerging Pollutantsiterest in the future will continue to center
on the fate and significance of emerging contaminants, including
personal care products, pharmaceuticals, emerging,ettiogens
nanopatrticles.

Surrogate IndicatoResearch is also needed to support the
development of new surrogate indicators (for pathogens), as
research in this area, describ@dairting the Future of Biosolids
Manageme(MVEFand NBP2011) reveals potentially improved
appraches to demonstrate effective pathogen reduction.

Demonstrating Biosolids Benefits

Recycling of biosolids to the land is clearly not new, yet the
demonstrated benefits that biosolids provide to our soils do not seem to
be well understood by the pMalieover, these benefits are often
overshadowed by persistent uncertainties about the safety of biosolids.
While additional research to demonstrate benefits to the soil could be
helpful, effective dissemination of the multiple success stories and
research garding biosolids benefits is ess€éhéaleed to

communicate what we know about biosolids in order to foster resource
recovery is critical enough to be the topic of a separate discussion, and
is the focus of Section 7 of this report.
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Section 4

Energy Recovery

Becausehe energy contained in wastewater and biosolids exceedsDrive s

the energy neededtfeatment by a factor of A€rgy neutrality

i snot drears.ttis achalléngire, yet reachable, goal when Energy is the second or third most expensive item in a wastewate
wastewater facilities are designed and operated for this objectiveY t i | i t y6s operations and mana
through a combination of energy efficiency best practices and endgfehased energy requirements benefits the utility by not only
production technologBids treatment provides the greatest lowering operational cosiisalso by decreasing its carbon footprint
poential for energy recovery and production, with the chemical andincreasing the sustainability of the operations. The impacts go
energy embedded in biosolids greater than the energy needed foleyond the utility; when a utility decreases its net energy use, the
treatment. Recovering that energy is an opportunity for wastewatdpcal and national communities also benefit from increased energ
utilities to reduce costs and increase sustainabilityngebizgnizi ~ Securityrd fewer greenhouse gas emisstomsollowing figure
potential, the number of utilitieserempenergy is growing rapidly;  illustrates the numerous factors driving utilities to reduce their net

todaynearly 300 of the more than 1RRR&quipped with energy demand

anaerobic digestion convert their biogarioiy (Beecher and

Qi, 2018

The expanded resource recovery potential of biesteteds

the North East Biosolids and Residuals Associationds (NEBR

definition of beneficial use:

APutting a part.
its best and highest use by maximiz Rising Capital EE and RE
the utilizath of nutrients, organic Needs Incentives
matter, moisture and/or other qualiti il bzl
including extracting the maixi
amount of energy Rising Energy Technology

) Consumption Development
This chapter focuses on energy recovery. It

presents the extensive menu of technologie:
available toptimizegxtractand usenergy from
biosolidgheibenefits and limitations, and

research and implementation initiatives that
needed to realize bi

Rising Energy Energy
Costs Management

Sustainability

Figurel 1 Factors driving utilities to reduce net energy cor{§ilinpireret al., 2011)
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Energy in Wastewated Biosolids

Energy in Biosolids

As noted earlier, the energy contained in wastewater and biosolidghere are many opportunities to convertiteabbeergy in

has been estimate@xceed the energy neddedreatment by a
factor of 1Based on this premise, WERF has developed an
initiative to achieve-rmioenergy ilVRRFs

The energy in

wastewater exists in

three forms: thermal
energy, hydraulic

energy, and chemical or
calorific energiyhe

following tabill@strates

the energy content of wastewdtennal energg controlled by

the temperature of Wastewater entering the plant. Heat can be
recovered from the raw influent using heat exchangers and the
resulting lograde heat energy can be used to satisfy some of the
building and process heating needs of théypliantlic energig

the energy dféd moving water. Low head turbines on gravity flow
can be used to convert kinetic energy into electricity (WERF Fact
Sheet2012).

The energy contained in wastewa
and biosolids exceeds the energy
neededor treatment by a factor of

Constituent Value Unit
Average heat in wastewa 41,900 MJ/10

AC At 0
Chemical oxygen demant 254800 mg/L
(COD) in wastewater (430)
Chemical energy in 1215 MJ/kg COD
wastewater, COD basis
Chemical energy in prime 1515.9 MJ/kg TSS
solids, dry
Chemical energy in 12.413.5 MJ/kg TSS

secondary biosolids, dry

Table8: Energy in wastewalerhpbanogloasd Leveren2009)

The embeddetiemical energin wastewater is on aveagX

solids to a useable form (heat or fuel) through biological or therm:
processes. Biosolids typically contain apprcadateyp500

British thermal units per pound (Btu/Ib) on a dry weight basis (2.3
kWh/Ib), which is similar to thrgenentent of lgnade coalhe
following tabla@ws a comparison of the energy in biosolids to the
energy in other fuéler comparison, the average daily residential
energy use in the U.S. is 31 kWh per home, which would require 1
energy equivatesf 13.4 Ib of dry biosolids (Stone et al., 2010).

1lbdry biosolids 8000
1 kWhelectricity 3412
1 cu ft natural gas 1028
1 cu ft biogas 600700

Tabled: Biosolids energy in perspective (Stone et al., 2010)

Energy OptimizataomdRecovery
Technologies

Energy recovery options range from mature, well established
systems, such as anaerobic digestion and incineration to emergir
technologies, such as S@wDhydrothermal gasificakiois.

section providesesdription optimization and recovery
technologiescluding advantages and disadvantages, and the
current statusedchiechnologfgtated as embryonic, innovative,

or establishgd

times the energy needed for treatment, with the values ranging from
0.4 to 6.3. In many cases, recovering the chemical energy in solids

alone is sufficient to achieve energy neutrality.

Enabling the Futulelvancing Resource Recovery from Biosolids
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Bioconversion: Anaerobic Digestion Maximizing Biogas Production

The bioconversion of biosolelggis typically accomplished using Biogas production through anaerobic digestion is limited to
anaerobic digestibmhigh rate anaerobic dige@ihthe readily conversion of the readily biodegradable portion of the solids. To
biodegradable portion of the volatile ssllidgds convertedto overcomthis limitation, and thus maximize biogas production,
biogady microorganisms in the absence of oxygen. The biogas ispretreatment processes arttigastion have become rapidly
composeprimarily of methane (60 to 65%) and carbon dioxide (30growing practices in recent years. Pretreatment processes break
to 40%), with small concentrations of nitrogen, hydrogen sulfide, apen the bacterial cells in the waste activated solids (WAS),
other constituentfie methane portion of the biogas is a valuable releasing thelt contents, making them available to the anaerobic

fuel andwith conditioning, can be used in place of asforal g bacteria for conversion to biogatig€stion, on the other hand,

many energy needs. consists of adding readily biodegradable feedstocks directly into t
digester, to atigest them with the biosolids. FOG, for example,

As shown in a recent \BEfveyReecher and Qi, 213 readily biodegradable by anaerobic bacteria. Gitrenptph

approximately %0ofallU.S. WRRFs employ this proceSsction wastes can also bedégested to increase biogas production. Co

8 provides additional informatitimedWVEBurvey. Anaerobic digestion of higtrength wastes and digester pretreatment

digestion imore commamplants larger than 5 mgd technologies are discussed in the following sections.

There are a variety of technologies to recover energy from the biogas
generated by AD systems, as well as multiple uses for that gas.

30%

Yes - send solids
to operating AD
10%

Level of/

Uncertainty

8% 20%

15% ‘ : -,
10%
5%
0% — : ) |

Confirmed or <1 MGD 1-10 10- 100 =100

likely NO AD
82%

TablelQ Percentage of facilities of different flow sizes siditisendAD (based on
number of U.S. WRRFs in each size grouping according to CWNS, 2008)

Figurel2 Percentage of facilities sending solids to AD, including an indi
level of uncertainty in the survefcdatparing WEF 2012 survey data to C
Watershed Needs Survey [CWNS], 2008, total WRRFs)

Enabling the Futubelvancing Resource Recovery from Biosolids 21lPage



CoDigestion

Codigestion of higtrength wastes in anaerobic digestershas 1 DC Wat er chose to i mpl eme
been a rapidly growing practice to RBEQBAlS of building a thermal hydrolysis system that will be the first ii
maximizing biogas production for energy recovery. America and the largest in the world. This decision, along
Approximately 17% of UBR® with anaerobic digestion the choice to go with a desigd model to compress the
take in outit wastes and feed them directly into the dig@sters.scledule and the calculated future savin&/y$28as given
FOG is the most commondirghgth organic waste co our board the confidence to fund this discretionary projec
digested with biosolids. sligingth wastes from food set a precedent for renewable energy production, resourc
processing, breweries, cheese production, animalfarmng, r ecovery, and sustainabili
biodiesel production, anitidgoperations (glycols) can al<o

be cedigested to increase biogas production in anaerokc I Chris PeoBiosolids &dhager at DC \Wat

digesters with spare capacity. Aside from increased bicgyas
production, the plant benefits from the tipping fees that can be

charged for the service of processingtae wa footprints, making them fairly easy to retrofit into an exiséing facili

summary of pretreatntecinologies is preseiteldw
Since caligestion increases biogas production, it can improve the .
economies of scale fositenpower generation, especially at small Thermal Hydrolysis (THP)
facilitiesAt the Village of Essex JunctsteWater Treatment Thermal hydrolysis involves injecting steam at high temperature &
Planin Vermont, ebgestion improves biogas production, allowing Préssure to rupture cells and improve the conversion of organic
this small-éhgd plant to run a successfabined heat and power ~ Matter to biogas in the digestion prbesss a proven and

(CHP system. Fueling twek8® microturbines with biogas, the reliable technology witkséalle installations that date bd&9%

plant has reduced its electricitylmp80% and is receiving There are 24 installations of the Cambi® THP system in Europe &
renewable energy credits (RECs) for the electricity it generates the UKThere are five installations of the Veolia process (marketec
(Willis et al., 2012). under the Biothelys name) in operation @ousttection in

Digestion Pretreatment

Digestion pretreatment processes impr

the digestibility by making internal cellul Sonication | €N OpenCEL
matter of biological solide maailable for Biogest

digestion. This increases the volatile sol
reduction (VSr) achieved in anaerobic  Development
digestion and consequently increases th Status

biogas production. Since pretreatment

typically results in little improvement in  Reported
digestion of primary solids, ofahgse Improvement in
processes are applied only to the WAS VSr and Biogas
portion. Pretreatment processes modify Production
microbial cells by making the cell walls

il eakyo or by c¢omp complexity High Low Low Medium  Low
apart) the cells.

Established Innovative Established Innovative Innovative

Yes No Yes No Yes

Pretreatment technologies include thern Dewa'Fering Vi No T i ——
hydrolysis (THP) (Cambi, Biothelys, Exe Benefits

sonication, mechanical disintegration (C._ ..

Biogest. MicroSludge), and electrical pu Class A Product Yes No No No No

treatment (OpenCEL). Pretreatment

technologies have the potential to more than _ _ _ _
double the readily biodegradable fractionT%tfldl Comparison of digester pretreatment technologies (from Qi,

the volatile solids (VS)’ resulting ina 30 to Cost estimates for the various technologies are basedpoovidad anformation 1
. N . . . . i variou i i
60% increase in biogas production cdrtapdigestion without thermal hydrolysis, Crown Biogest , and OpenCEL MeatBénige estimated ¢

pretreatment. With the exception of thermal hydrolysis, most dig are based on information from literature (Gary et @los29@rg. basedenuipmer
pretreatment technologies are relatively simple and have small " °""

2011)
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