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DisclaimerThe 205 Plasticgo-FuelProject Develop&@ Guide was prepared to educate prospective
stakeholdes on the current state of thelasticsto-fuel industry andffer considerations for developing a
system The views expressed here are those of the authors and should petdevedas an

endorsement of any technology provider or solution. Interestetigsaare advised to engage in direct
consultation with technology providers to obtain additional, opportusjigcific costing and

performance datavhenappropriate.The Anerican Chemistry Coundibes not make any warranty or
representation, either expresor implied, with respect to the accuracy or completeness of the

information contained in this report; nor does the American Chemistry Council assume any liability of any
kind whatsoever resulting from the use of or reliance upon any information, canclasoptions

contained herein. The American Chemistry Council sponsored this report.

AboutOCEAN RECOVERY ALLANKEAN RECOVERY ALLIANCEa(ORfAmMerican Chemistry

Council are working together to reduce plastic in the ocean environ@&#isa 501c3 registered nen

profit in California and a registered charitable organization in Hong Kong that seeks to introduce
innovative projects and initiatives that will help improve our ocean environment by bringing together new
ways of thinking, technolagg, creativity andollabordgions. ORAstrives toleada variety of stakeholders,
leveraging each of their qualities and institutional capacities when needed, while combining forces with
the business and technology sectors in ways that have not beerbdéore. The group has two projects

at the Clinton Global Initiative related to plastic waste reduction on a globalaswais one of the first

NGOs in the world to be working with both the United Nations Environment Programme (UNEP) and the
World Bank o their respective ocean programs related to waste reduction.

At ORAwe also believe thdahe marinelitter issuewill not be solved through bans, taxes and legislation
alone. Instead, we believe that mari®tsed solutions, and especially those whichtereonditions
where plastic waste can be used as a resource, play a significant role in reducindjtteayiplastic
pollution and waste management burdens on communities. In partiglédetjcsto-fuelis one such
technology with enormous potentiadfcertainplasticsthat are notrecyced because the technologies
andor infrastructurefor proper recycling or valsgdded processing do not exist.
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TERMINOLOGY

Term

Definition

Source

ASTM B75 ASTM International Standard specification for diesel fuel oils t ASTM International

ASTM D39¢

Blendstock

Catalyst
Crude Oil

Synthetic Crude O

Light Sweet Crude C

Feedstock

Feedstock Supplie

Fractional Distillatior

Distillate Fuel Gil

covers seven grades suitable for various types of diesel engin
including: Grade No-I S15; Grade No-[1 S500; Grade No-[1
S5000; Grade No:2 S15; Grade No-2 S500; Grade N&:D
S5000; and Grade No-Dt

ASTM International Standard specification for fuel oils includir
Grades No. 1 S5000, No. 1 S500, No. 2 S5000, and No. 2 S5
use in domestic and small industrial burners; grades No. DS5
and No. 1 S500 adapted to vaporizing type burners or where
storage conditions require low pour point fuel; Grades No. 4
(Light) and No. 4 (Heavy) for use in commercial/industrial bun
and Grades No. 5 (Light), No. 5 (Heavy), and No. 6 for use in
industrial burners.

Any hydrocarbon fuel that is blended to produce a petroleum
product such as gasoline or diesel

A substance that increases the rate of a chemical reaction

A mixture of hydrocarbons thaxists in liquid phase in natural
underground reservoirs and remains liquid at atmospheric
pressure after passing through surface separating facilities.
Depending upon the characteristics of the crude stream, it ma
also include 1. Small amounts of hy@rbons that exist in
gaseous phase in natural underground reservoirs but are liqui
atmospheric pressure after being recovered from oil well (casi
head) gas in lease separators and are subsequently comingle
with the crude stream without being sepsely measured. Lease
condensate recovered as a liquid from natural gas wells in leg
or field separation facilities and later mixed into the crude stre
is also included; 2. Small amounts of #mgarocarbons produced
with the oil, such as sulfur and \@ars metals; 3. Drip gases, anc
liquid hydrocarbons produced from tar sands, oil sands, gilsor
and oil shale.

A hydrocarbon riclinrefined petroleum produawith properties
similar tocrude oils deiwed fromfossil fue$, produced from
alternativeprocesses such as pyras/s

A naturally occurring, hydiwarbon richunrefined petroleum
productthat can be refined to produce usable products such a
gasoline, diesel and varioftsms of petrochemicald.ight sweet
crude oil containsmaler amounts of hydrogen sulfide and
carbon dioxidehan othercrude oils.

Any waste polymer processed bl 8Fsystem

Any entity that provides feedstock td’dF systemfor processing.
Can include but is not limited to: industry, municipality, waste
hauler, or recycler

The separation of different fractions of crude oil by heating lig
to different boiling points.

A general classification for one of the petroleum fractions
produced in conventional distillation operations. It includes die
fuels and fuel oils. Products known as No. 1, No. 2, and No. 4
diesel fuel are used in drighway diesel engines, such ass
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Gasoline

No. 2 Distillaté-uel

No. 2 Diesel Fue

No. 2 Diesel Fuel, Hic
Sulfur
No. 2 Diesel Fuel, Lo
Sulfur

No. 2 Diesel Fuel, Ultr
Low Sulfur Diesel (ULS

No. 2 Fuel Oil (Heatin
Oil)

Residual Fuel Oils (No
Fuel Oil and No 6 Fu
Qil)

Kerosene

trucks and automobiles, as well astufjhway engines, such as
those in railroad locomotives and agricultural machinery.
Products known as No. 1, No. 2, and No. 4 fuel oils are used
primarily for space heating and electric power generation.

A refined petroleum product from lighter distillates, which has
highly flammable and evaporative properties. Gasoline is uset
primarily for combustion in internal combustion engines.

A petroleum digtlate that can be used as either a diesel fuel (s
No. 2 Diesel Fuel) or a fuel oil (see No. 2 Fuel Oil).

A fuel that has distillation temperatures of 500 degrees
Fahrenheit at the Ipercent recoverypoint and 640 degrees
Fahrenheit at the 9@ercent recovery point and meets the
specifications defined in ASTM Specification D 975. It is used
high-speed diesel engines that are generally operated under
uniform speed and load conditions, such as thngaiiroad
locomotives, trucks, and automobiles.

No. 2 diesel fuel that has a sulfur level above 500 ppm.

No. 2 diesel fuel that Isaa sulfur level between 15 ppm and 50(
ppm (inclusive). It is used primarily in motor vehicle diesel eng
for on-highway use.

No. 2 diesel fuel that has a sulfur leveldw 15 ppm. Used
primarily in motor vehicle diesel engines forlighway use

A distillate fuel oil for use in atomizing type burners for domes
heating or for use medium capacity commeraidustrial burner
units, with distillation temperatures between 586@0 degrees
Fahrenheit at the 9@ercent recovery point; and the kinematic
viscosities between 1-8.4 centistokes at 100 degrees Fahrenh
as defined in ASTM Specification D926

A general classification for the heavier oils, known as No. 5 ar
No. 6 fuel oils, that remain after the distillate fuel oils and light
hydrocarbons are distilled awayrgfinery operations. It
conforms to ASTM Specifications D396 and D975 and Federe
Specification V¥815C. No. 5, a residual fuel oil of medium
viscosity, is also known as Navy Special and is defined in Mili
Specification MHE-859E, including Amendme2 (NATO Symbol
F770). It is used in steappwered vessels in government servi
and inshore poweplants. No. 6 fuel oil includes Bunker C fuel
and is used for the production of electric power, space heating
vessel bunkering, and various industpiarposes.

A light petroleum distillate that is used in space heaters, cook
stoves, and water heaters and is suitable for use as a light sol
when burned in wicked lamps. Kerosene has a maximum
distillationtemperature of 400 degrees Fahrenheit at the 10
percent recovery point, a final boiling point of 572 degrees
Fahrenheit, and a minimum flash point of 100 degrees
Fahrenheit. Included are NoKland No. X, the two grades
recognized by ASTM Specificatlid3699 as well as all other
grades of kerosene called range or stove oil, which have
properties similar to those of No. 1 fuel oil.
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Materials Recoven A solid waste management facility that provides fereitraction Solid Waste
FacilityMRF) from solid waste of recyclable materials, materials suitable for Association of North

6



Marine Litter

Plastic Film

Middle Distillate

Naphtha

Non-BottleRigid Plastic:

Offtake Partner

PET

HDPE

LDPE

LLDPE

PP

PS

PVC

as a fuel or soil amendment, or any combination of such
materials.

Any persistent solid material that is manufactuoegrocessed
and directly or indirectly, intentionally or unintentionally,
disposed of or abandoned into the marine environment
Plastic items with a thickness of less than 10 mils (i.e.,$.01® |
0.25 mm). Plastic films can be comprised of HDPE, LDPE, PF
LLDPE and Nylon.

A general classification of refined petroleum products that
includes distillate fuel band kerosene.

Refined or partly refined light distillates with an approximate
boiling point range between 122 and 400 degrees Fahrenheit.
Blended further or mixed with other materials, they make -igh
grade motorgasoline or jet fuel. Also, used as solvents,
petrochemical feedstocker as raw materials for the productior
of town gas.

Non-bottle rigid plastics includeon-bottle containers (such as
thermoform packaging, cups, trays, clamshells, food tubs), an
bulky rigid plastic (such as carts, crates, buckets, baskets, toy
lawn furniture)

An entity that enters into a binding agreement to purchase
petroleum or other secondary end products produced froRT&
system

PET (Polyethylene terephthalate) is typically labdistip code
#1 on the bottom of the container. PET is often used for soft d
and disposable water bottles, but can also include other
containers or packaging.

HDPEHigh-density polyethylene) is uslhalabeled plastic code
#2 on the bottom of the container, and refers to a plastic often
used to make bottles for milk, juice, water and laundry produc
It is also used to make plastic grocery bags.

LDPE (Lowensity polyethylene), usually labeled plastic code #
is often used to manufacture plastic dry cleaning bags. LDPE
also used to manufacture some flexible lids and bottles.
LLDPH.inearlow-density polyethylene) is used in hignength
film applications. Compared to LDPE, LLDPE's chemical struc
contains branches that are much straighter and closely aligne
providing it with a higher tensile strength and making it more
resistant topuncturing or shearing.

PP (Polypropylene) is used in packaging, automotive parts, ot
made into synthetic fiérs. It can be extruded for use in pipe,
conduit, wire, and cable applications. PP's advantagea high
impact strength, high softening point, low density, and resistai
to scratching and stress cracking. A drawback is its brittleness
low temperatures

PS (Polystyrenéas applications in @ange of products, primarily
domestic appliances, construction, electronics, toys, and food
packaging such as containers, produce baskets, and fast fooc
containers.

PVC (Polyvinyl Chloride) is producedah rigid and flexible
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http://www.eia.gov/tools/glossary/index.cfm?id=P#petro_chem_feed

PostconsumerPlastics

Post Industrial Plastic

Rigid Plastic:

Wax

Syngas

Char

resins. Rigid PVC is used for pipe, conduit, and roofing tiles, American Chemistry
whereas flexible PVC has applications in wire and cable coati Council

flooring, coated fabrics, and shower curtains.

A material or finished product that has served its intended use US EPA via, Moore
and has been diverted or recovered from waste destined for Recycling #sociates.
disposal, having completed its life as a consumer item by an

individual or business.

Materials generated in manufacturing and converting process US EPA via Moore
such as manufacturing scrap and trimmings/cuttings. Recycling Associates

Plastic that is formed or molded and maintateshape when
empty and unsupported.

A byproduct of the petroleum refining process usually consisti
of avariety of light and intermediate hydrocarbdipsraffins,
aromatics, naphthenics).

A byproduct of the pyrolysis process comprigirigel gas mixture
consisting primarily of hydrogen, carbon monoxide, and
sometimes trace amounts o&rbon dioxide.

A byproduct of the pyrolysis process comprising of a solid res
of matter that is cannot be converted to syngas.



A INTRODUCTION

Plastics are an essential material for modern existence. Plastics make up many of the everyday products
we use, as well as the packaging that encloses a vast variety of products. As economies continue to
expand, the production and consumptiofiplastics has increased to meet the needs of growing markets.
Global plastics production is an estimate@ &dillion metric tons each yeand is growing at a rate of 4%
annually: With plastic production increasing, plastic waste generation is alé®aise.The World Bank
projects that 1.3 billion metric tons BfSWis generated each year, a number that is expected to grow to

2.2 billion metric tons per year (MTPY) by 2025. 10% of the total MSW produced, or 130 Million MTPY, is
plastic®

Wastemand SYSy G A& 2yS 2F GKS ¢g2NI RQA INBIFGSald SydiNe
metric tons of plastic litter entehe ocearevery yeatanddespite global initiatives to redudte volumes

2F YIFNARYS € AG0G§SN O2y G A sudiSg paplatianygOwkiargélySootedin G KS 4 2 NI
inadequate waste management practices on land, an estimated 80% of marine litter originates from land
based source Eperts believehat the largest generators atgban industrial and recreational activities

adjacent to coastadnd ripariarzones in middleincome countries that have transitioned to a disposable

economy but have not yet developed the waste collection and treatment infrastructure for proper
management. These weak systems can reduce to a nurobenvironmental impacts, one of which is

water pollution.

Managing plastic marine litter is challengi@gce plastics enter the oceats $ources and impacts are
transboundary by nature, making it difficult to assign jurisdictional responsibilityitigation and clean

up. Existing global regulatory frameworks focus almost exclusively on maritime issues after plastics have
already become marine litter, rather than on litter prevention and upstream interventions. Complicating
matters, marine litter iseldom recognized in solid waste management policy and regulations, leading to
debates over whether it falls under the realm of national solid waste, veabem water wastewater or

marine authoritiesMunicipal and nationaladid waste management stratieg that improve waste

collection and management systems offer the best opportunity for reducing marine litter loading rates.

Over the past few yearplasticsto-fuel (PTHtechnologies have emerged as one potential solution to
reducing plastic maringtir and the landfilling of endf-life plastics PTHs an advancedvaste
conversion technology that is considered complementary to existing recycling efibtigpasllydoes

! Global plastics production was estimated at 288 million metric tons in 2012. Source:
http://www.plasticseurope.org/documents/document/20131014095824
final plastics the facts 2013 published october2013.pdf

2¢KS 22NIR .Fyls 62 Klid 217 128 ARY 21 a0tS2 @l fy F @SHFSY G12¢ al NOF
http://documents.worldbank.org/curated/en/2012/03/16537275/wasgimbatreviewsolidwastemanagenent
3WI-Y()SOIZ WSyYyyl St Fftodx atflradAad 21radsS LyLdzia FNRBY [+ YR

Vol. 347 no. 6223 pp. 7681, http://www.sciencemag.org/content/347/6223/76#&ccesed February 20, 2015.

* United Nations Environment Programme

*Greenpeaced t f | & (1 A O 2525NaINEXBE JOGRD ¢ K S
http://www.greenpeace.org/austria/Global/austria/dokumente/Studien/meere_Plastic Debris_Study 2006.pdf
® Armitage, N. (2007) 'The reduction of urban litter insterm waterdrains of South Africa’, Urban Water Journal,
4:3,151t 172

" Endof-life plastics are defineas plastics that would otherwise Hisposed of in &andfill They can originate from
postconsumer or posindustrial sources and be made up of both rigid and film plastics
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not target plasticesinsthat are highly valued bgommodity recycling mkets. Furthermore, since

plastics have an energy value higher than ttre landfilling ofend-of-life plastic wasteonstitutes a

lossof an important energy resourée® Not intended as a replacement to traditional recycling practices,
but given thdarge percentage of plastic waste that bypass recycling programs for reasons such as lack of
infrastructure, capacity, and technolo@yTHs becoming a viable addition tguaisdictionsmix of MSW
management strategie8y creating demand for eraf-life plasticsPTRechnologiesan not only help
address this global challenge and mitigate the f plastic tahe ocean, but can alscreate jobs and
generate an alternativiecalfuel sourcahat can serve as a substitute to fossil fuel derived crude oi
Throughdifferent configurations of pyrolysis technologié principal output oPTRechnologiess a

liquid petroleum product- either a synthetic crude oil or refined fuels which can be used as home
heating oil (fuel oil No. 2), a blendstockhe production of No. 2 diesel fuel, gasoline and kerosene, fuel
for combined heat and power generation equipment and industrial purposes, and residual fuel oils for
sale to heavy oil users. In many parts of the world, liquid petroleum products derivepldsiits

represent a lowesulfur content product, yielding air quality benefits as well.

B. STUDWIETHODOLO@GWDOBJECTIVES

Waste collectors, recycleligyestorsand governments are becoming increabjimterested in the
potential for integrating®TFtechnology into waste management strategies. Wébedy of marketing
materials existshere are a limited number of independent evaluations of available technologies and
their proven abilityo performas stated.

OCEAN RECOVERY ALLl&M@kcted aril1-month study spanning from Januarilovember 2014
(Study Period)during which time it:

1 IdentifiedPTRechnology supplier6Suppliersas well agxistingand plannedPTFsystems
1 Engaged in preliminary communicatiavith Suppliersn order topre-qudify them for additional
evaluationon thebasisthat:
0 The technology offering include thgrolysisof plasticso produceliquid petroleum
products and
0 The Supplier is making advancements towards commercializatippliersn research
anddevelopmen{R&Dwere excluded from further review.
1 Conducted interviews withre-qualified Supplierdinancing entitieand Project Developers to
0 Assess provetechnologicaperformance angystemeconomics,
o Identify industry challengespportunitiesandlessondearned,and
o ldentifyfinancing opportunities anagquirements foiobtaining investment

B¢ KSYStAAT bW Si | f o aNbyr&pRdPlasticy (RRE dduyiidpdl Sdaid WastesdaSWh T

CKIG ' NB / dINNByiGfte [FYRFA{ESR LYy GUKS CATFGe {dFrdiSaxze [/ 21
http://www.seas.columbia.edu/earth/wi¢/sofos/ACC_Final Report August23 2011Amtfessed January 2015.

4¢26F NR GKS / ANDdzZE F NI 902y 2Y@Y hLILERZNIdzyAGASa F2N GKS /2
% plastic film is a flexible material made from different types of redif®E, LDPE, HDPE, PP, PVC, andNylon.

Examples of plastic film products include trash bags, plastic bags, sacks & wraps and lined paper bags and sacks.
According to the Flexible Packaging Association (FPA), the estimated amount of flexible packadFig\Wiaste

generated in the US is 5.8 million tons per year. Flexible packaging waste represents 2.4% or 1.5 % of the total

Municipal Solid Waste generated in the US, according to the EPA.
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1 Conducted site visits to operatiRJ Fsystemghat met the following criteria:
0 Systenmust be operational
0 Operating status must first be verified (by phone or iivg) bysystem
owner/operator,
o TSOKy2f23& Ay 2LISN}iGA2Yy Ydzald NBLNB3Syid (KS

Systerrhas a design capacity greater than or equdlsbort ton per dayTPD",

0 Systenmust be processing minimum of 75%lasticfeedstack Quppliersand systems
that exclusivelyr predominantlyprocess tireor otherwaste were excluded frofarther
review, and

0 Systenmust be producing Bquid petroleumend productg syntheticcrudeoil or refined
fuells. Suppliersandsystemghat exclsively produce waar syngasvere excluded from
further review

o

Supplemental Resources

ORA developed aigplementalPTRCost Estimatain conjunction with this report tassiststakeholders
in estimating the fully loaded cost per unit of liquatrpleumproduct produced. Theotl is flexible,
allowing users to input and vary project specific factors to increase their understanding of system
economics and the impagdf cost drivers such as: capital costs, feedstock acquisition costs, liquid
petroleum prodictyields and market pricing. Theol can be downloadeait
http://www.oceanrecov.org/about/plastio-fuekreport.html| or
http://plastics.americanchemistry.com/PlasticsFuetCostEstimatingT ool

This reportand PTFCost Estimatoareintended asliscussion toalifor a variety of local and international
stakeholders including: municipal and national governments, corporations, community leaders, business
associations, NGOs, project developers, and others intergsted management of endf-life plastic

waste They aim to inform stakeholders of the current state ofRA&marketplace and serve as
instrumentsto help guide decisiemakers in developingTFsystems. Bkighlightngthe opportunities
available forcreating value fronend-of-life plastics, in concert with the regulatory, technical and

logistical barriers that need to be overcome on the path towards the widespread commercial adoption of
PTRechnology, his report carbe used to promot&nowledge shaing and regulatory convergence to
expedite project deployment.

C ORGANIZATION

Thisreport is compriseaf data collected from a thirgdarty review oexistingoperatingsystemssite
visitsto selectfacilities interviews withPTFstakeholdersanda comprehensiveeviewof secondary data
sources. Using information collected from operatiggtemsand stakeholder interviewshe report
summarizes criteria for decisionakers andoject Developers on developirgTHorojects.

The reportis structuredin two partsg

1 ORA prioritized PTF systems processing >=1 TPD due to their ptitegtieéter scale and overall impact on the
plastic waste stream.
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Part One of this report characterszdevelopments in th®THnarket to date. This include

1 A simmary ofPTRechnologiesavailable
1 A ®omprehensive summary and assessmer8uplierand existind® TFsystemsand
1 Successes and challengéshe PTHnarketto date.

Part Two of this report providguidance folProject Developerdnterested indeployinga PTFsystem
This section outlirekey components of developindg?d Fsystemincluding

Determining Project Development Structure
Assessig Technical Viability

Assessing Financial Viabijlity

Partnership Development

Mobilizing Project Finance

Siting and Permittingand

Risk Mitigation Strategies

=A =4 =4 4 -8 A 4

D. LIMITATIONS

Due to thenascencef the PTHmarket, primary sourcescluding but notlimited toindependent
engineering analysemdfuel assaysvere deemed confidential and not shared wiR Aalthough
Suppliersndicated a willingness to share this information with prospeetivtor activepartners As
such, the existence &fTFsystenswas verified through personal communications sifetem
owner/operators and/oiSuppliersaand the status obperatingsystemghat met criteriaoutlined in
Section Bvas verified by way aite visit when feasibleWhereORAobserved the processing plastic
feedstocks and the production syntheticcrudeoil or refinedfuels it is noted ORAdid not conduct an
independent anlysis of feedstock compositiaqyality of synthetic crude oir refined fuel productsr
whetherplanned or operating fadiles are processing ermf-life plastics. This report is not intended to
offer a comparative assessment of deployidtechnology versus expanding plastics recycling
infrastructure.
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PARTONE HISTORANDCURRENITATUSFTHEPLASTICBOFUEL
INDUSTRY

PTRechnologies have the potential to addeesa unique set of environmesutd energy challengels the
United States, plastics represented approximately 12.7% of thevt@MlIstream, or approximately 32
million tonsin 2012 Ofthe amount geneated, only 8.8%was recovered either throughwasteto-
energy or recycling leaving a significant missed opportunityégoupvalue fromend-of-life plastics
Growing foreign and domestic markets faghhdensity polyethylene (HDPE) andygthylene
terephthalate(PETyield highrecycing rates of 28.2% arD.8% respectively® However recyclingates
for other nontbottle rigid plastics such &mw-density polyethylene (LDPE), polypropylene (PP) and
polystyrene (PSre significantly lower due to dimg and separating challenges, whiteestimated 12%
of plastic films, includinglastic bags, sacks and wraps were recycled in 2012.

PTRechnologiesanaddress a critical fraction of tipdasticwaste stream that has been historically
difficult to reutilize such as LDPE, PP andpPSeninglittering and thdandfill disposal aénd-of-life
plastic. WhenPTRechnologies target endf-life plastics that are not easily or economically absorbed in
recycling marketghey are considered complememiato recycling and existing waste hierarchidse
development oPTHRnfrastructurecanalsa

1 Qeategreenindirect and direcjobs

1 Divert endof-life plastics from landfill disposaixtending the lifespan of existing disposal sites and
prolonging thesiting and construction of new ones,

1 Qeatelocaldemand for lowvalue plasticghat can find their way intetreets, streams and the
ocean,

1 Producea locakource ofyntheticcrude oil and/orefinedfuelsto displace fossil fuel derived
imports, and

1 Reduce air pollution in many parts of the woldg substituting lover ultra-low sulfur content
fuelsfor high-sulfur content fuels

1.1 HISTORY

Pry AK2NI Gz2yade ! yAGSR {G1 0S4 9YOBANRYYSYyidlt tNRGSOGAZY
5AalLlalrt Ay GKS ! yAGSR {GFrdSay Crotda FyR CAIdzNBEEA F2NJ H.
http://www.epa.gov/solidwaste/nonhaz/municipal/pubs/2012 msw_fsAcEessed: December 2014.
BryaAGdSR {GFGSa 9yOANRYYSY(GLFf t NRGSOUA 2 vy, andspoSadiz & a dzy A O
GKS ! YyAGSR {dlFraGdSay ,c-rO0Ga FyR CA3IdzNBa F2NJ HAMHE
http://www.epa.gov/solidwaste/nonhaz/municipal/pubs/2012 msw_fsActessed: December 20Data is
i‘pe:ific to: PET bottles and jaasd HDPE Natural (White Translucent) Bottles.

Ibid.
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While pyrolysis technolodnas beerused to generate energy from wood waste and coatiore than
30 yearstheapplication of pyrolysigchnology to plastickr oil geneation is @ innovation ofthe past
decade In the last industry assessment for the American Chemistry Cioup@i1 there were 2P TF
companies identifié and 11 associatedystems

Accordng to the 201Xeport, historicaldrivers to develofP TFsystemsncluded 1)constraints on land
availabilityfor future landfill development, 2) policy drivers for increased landfill diversion and materials
recovery, and 3) a movement to increase valygwra from waste stream materialShe 2011 report
highlighted several key challengesichwere indicative of anmerging market. Namelyhe challenges

over the past few yeafsaveinvolveddemonstrating the technical feasibility®T Rechnologiesandthe
marketability of end producias well as the creation ofpmlicy environmenthat is conducivéo the
development oPTFsystemsWhilethese operational and polighallenges still remailo some extent

the past few years have witnessadrked progess in the development of tHeTHndustry.

ORAestablisied contact with 13of the 23 companiesdentified in 201land identified25 newor
previously unidentifieglayers in the global marketpladss with any emerging industrseveral
companiedavesuccumbedo challenges and haweased operationdn total, ORAcontacted38
Suppliers for prejualificationg of the companies that were prgualified,13 participated in the research
for this report

This assessment identified BF Fsystems constructkat a pilot, demonstration or commercial scéle.
systemanet the ORAsite visit criteria anevere verified as being operatiorial way of site visduring
the Study Period (See Sectihb). Oneadditionalsystemowned and operated by MK Aromatidmited
in Tamil Nadulndia met the site visit criteridlowever,ORAearned of its presence at the end of the
Sudy Period and therefore was not able to accommodate aperson visitRequestsfor a virtual tour
were not granted.

Alternative technologies fomanaging enebf-life plastics exist. Some produce secgederation biofuels

and renewable chemicals through MSW gasification, while others utilize pyrolysis to convert plastics to
wax. This repoffbcuses exclusivelgn pyrolysis technologies thebnvet plastics intdiquid petroleum
productsg synthetic crude oil or refined fuel products.

1.2 PTHECHNOLOG®YERVIEW
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Pyrolysis refers to the thermal decompositiormohateriain an oxygerree or limited oxygen
environment The process of thermal demposition is modeled after natural geological processes that
produce fossil fuels. Thermal decomposition breaks down complex polymer molecules into shorter
hydrocarbon chains through a process known as depolymeriz&ionlysis used f&?TFconversion
involves introduing a polymerfeedstockmaterial intoa high temperature chamber ranging between
430-550°C to produce &apor. Vapors are then condensed into condensalyietiietic crude djland
non-condensabledynthetic gagfractions. Depending ondhtechnology offeringsynthetic crude oinay
then be fractionated onsite, usually by wayrattionaldistillation, into aange of lightmiddle and
heavy distillate fuadils If fractionationdoes not occur onsite, tHeguid petroleumproduct, typially
classified as light sweet synthetic crudeil, is sold to a refinery for further processisgcondary
byproductscaninclude charsyngasnd wax (Figure 1Qutputquality and quantityrom the pyrolysis
processes depersin feedstocquantity al compositionand the technology

e® .
°
0@ °.
° .
.Plastic Feedstock > Shredding Legend
® ® Optional Process
o .... i | Steps
v
Densification
Catalyst Water Water .
! | , Synthetic
| ; Crude Oil
v v v
Electricity —
Pre-melt/ Augur/ Pyrolysis Vapor Condenser/ Qil Conditioning
Natural Gas — Extrusion Chambers Distillation Treatments
T A l i Distillate
v v Fuels
Heat Char Syngas v Wastewater

Figurel - GeneridP THProces

1.3 PTFTECHNOLOGYPPLIERS

SystenClassifications
On the path to developing a commerdral Fsystem Suppliersindergo several stages of development
(Figure 2)As suchPTFsystemscan be classified by scale and by operating st&tusthe purposes of
this analysighe scale of evaluatesiystens are classified as
1 Bench Scale Laloratory scalebasic infrastructure to tegiroof ofconcept.
1 Pilot Scale Smaliscale model of commercial offering with the goal of demonstrgtiagf of
concept testing different feedsbcksand evaluatingil yields and product qualitfilot scale
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systemgan beused totest design modifications for other pyrocessing and baand
processing configurations.
1 Demonstration ScalgFull commercial scaiystemwith the goal of demonstratingroof of
concept testing different feedsbcks evaluating oil yields and product quaktycommercial
scale Demonstration scalBTFsystens can be converted into commercgistemdollowing a
period of testing and optimization.
f Commercial ScateFultscale infrastructure buitittheRSa A 3y Ol LI Odommercl¥ 02 Y LI
offering.The goal of a commercial scale system is to prodligeid petroleum product to be
marketed to offtakersor the purposes of achieving profitability

Figure2 ¢ Commercial Development Stages

Research and Bench . Demonstration Commercial
Pilot Scale
Development Scale Scale Scale

Built systemsan alsdhave varied operating statusd=or the purposes of thisssessmenthe operating
status of evaluatedystemss classified as

1 ontinuousOperations Systenis processing feedstock for a minimum of four days per week on

an ongoing basis. Continuous operations can occur ator bedgstend RS &a A 3y OF LI OA {
1 DiscontiruousOperations Systenis processing feedstock on an intermittent baksiss than four

days per weekDiscontinuous operations can occur at or belmysten2 & R | gh €apacitR S & A

but arealwaysbelow asystena | yydzl f RS&aA3Iy OF LI OAlGed

It is not uncomon for pilot and demonstration scadgstemdo operate in a discontinuous manner

given their purpose to test inputs and outputs and that per unit operating costs can be higher compared
to commercial scalsystemsOnlysystens operating on a continuousabis are defined as operating at or
below design capacitirrough the course of this study

Once a commerciakalesystemhas been designed, permitted, constructed &indnced andfeedstock
supply and ofeke agreementbave been secured,ritay underéke a period of discontinuous operations
in order to test feedstocks and make process improvenyaids to achieving full continuous operations.
This is referred to as the commissioning stage.

Finally systemscan also have varied economic statugech pilot and demonstration scaéystems

are typically funded by the Suppli@and in some instanceslso supported byevenues from the sale of
end productsCommercial scalgystemsnay rely on starup funds during commissioning, but must be
economicalf seltsustaining in order to be considered a fully commerciagstém For the purposes of
this report, economic status is only provideddgstemghat are constructed at a commercial scale and
were verifieddhrough communications directly with tlsgstemowner/operatorto be operating at design
capacity, on a continuous basifierefore, commercialization is defined as bemgstructed at
commercial scale, operating at design capacity on a continuousahddieing economically self
sustaining fronthe sale of end products.
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Participating and Contributing Suppliers

The38 Suppliersdentifiedwere in varioustages of developmemangingfrom research and
developmentto having commercial scadgstemsn the commissioning stage reportedlyhavirg sold
and installed equipmerior multiplecommercial scalsystem&’. SeveralSuppliersither declinedto
participate in the report or were not reachable for commdfdr a complete list ®fTFSuppliers
identified, seeAppendixA.

In order tobetter understand the progress weardscommercialization amon@uppliers ORR & NB & S| NOK
focused orcompanies thaeither have aroperatingpilot, demonstration or commerciatalesystem

and/orhave made measurable progress towardsimercializatioincluding having secured feedstock

supply, offtakeagreementspermits or financingpr the development of a commercidalesystem

Of the Supplierglentified,13 were prequalifiedased on tk criteria outlined in SectionfBr future
evaluation 10 activelyparticipated in providinghformation for this repor{Participating Suppliersile
3 Supplierseither provided marketing materiats incomplete datgContributing Suppliers).

Participating Suppliers Contributing Suppliers

Agilyx Blest

CynarPIc Klean Industrie€T oshibarechnology
Golden Renewab$ MK Aromaticsimited(Polymer Energy
JBI Technobgy)

Nexus Fuels, LLC

Plastics Advanced Recycling ©oafion (PARC
PK Clean

PyrocratSystems LLP

RES Polyflow

Vadxx

1.3.1 TECHNOLOGY OFFERMERVIEW
Of theSupplies pre-qualifiedfor this report,ORAdentified two differentiating configuratiorfer
processing plastic feedstodked process anahethod of depolymerizatian

Feed ProcessBatch or Continuous his configuration describes the process throngtth input plastic
materials are inserted into the fromind reactor. A batch feed process entails inserting discrete
guantities of plastic feedstock into cartridges at selected intert$r batch of plastic feedstock is
processed before a new batchinsertedwhich mayequire starting and stopping the machinery. Batch
feed systems typically requit@at cartridgesbe cleanedefore processing new batches. A continuous
feed process entails insertion of plastic feedstock into the fadtreactor at constant rate. Suppliers
offering continuous feed systeradvertisereduced downtime and increased efficien&ithoughthe
majority of Suppliergresented in this report have continuous feed processes, histoigglylierdave
used batch feed systesrand arenow developing newer generations to continuously process material.

Method ofDeploymerizatiom Catalytic oihermal:Depolymerization can hbitiated by heat or catalyst.
A catalyst is a chemical additive used to reduce chamber residencarahtemperature requirements,

> ORA was not able to verify these details, as the names and contact information for system owner/operators were
not disclosed.

17



thereby increasing process energy efficiency. Companies surveyed did not report the composition of the
catalyst, as this is proprietary information. There are unverified reports of catalysts comprising
synthesized materialsdm fly ash, HY zeolite, Mordenite and sititamina(SA)*°

AvailableDesign Capacities

All pre-qualifiedSupplierdurnishmodularPTFsystens. All Suppliers noted an ability to ins®@IFunits in
parallel to increase throughput capacity, but cited ibguirement for additional R&D to scale down
design capacity to accommodate smaller quantities of wakie majority of Suppliers offer smaller
design capacities relative to othdiSWconversion systenli&ke mass burn wast®-energy and
gasificatiorthat commonly process more than 200 TPD. Typitiystemsange from 10¢ 60 TPD
althoughBlest offers solutionthat process <1TR[Pyrocrat Systemd Pmarkets design capacities of 3
and 6 MTPRndKlean Industries stateafferings up to 150 MTPD.

¥/ Kdzy3s {22 | &dzy aStéPldsticstUsingiSynthdsRdd Eatalysts frdrf Fy2Ash 2nstiie of
Energy Researchitp://www.netl.doe.gov/publications/proceedings/99/99korea/shchung, @dtessed December
2014.
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Table3: PreQualified Supplier Technology Offering

Technology Participating or PTFSystem®eveloped to Date Regions Currently Serve Method of Depolymerization/  Available PreSorting
Supplier Contributing (Location/ Scale/ Statd5) (Interests for Future Feed Pocess Design /Pre-
Supplier Expansion) Capacities Processing
(Plant
Availability)
Agilyx Participating 1.Tigard OR, USA North America Thermal Depolymerization 50 TPD (92%) No/No
Supplier Pilot (10 TPBEEen6; Continuous (International) Generation 5 technologyatch
Operations At Capacity Feed
2. Plymouth MN, USA Commercial Generation 6 technology
Genb5;Operating Status Unknown Continuoud-eed

3. Lithia Springs, GA, USA
CommercialGen5;Did Not Disclose
4, North PortlandOR, USA
CommercialGens;
OperatingStatus Unknown

Cynar Participating 1. Portaloise, Ireland Europe, Latin America  Thermal Depolymerization 20 MTPD No/No
Supplier Pilot (10 MTPD); Discontinuous (Europe, Latin America, Continuous Feed (82%)
Operations Asia, North America,
2. Almeria, Spain* Australig

Commercial (20 MTPD); In
Commissioning

3. Bristol, UK

Commercial (20 MTPD); In
Commissioning

4. Seville, Spain*

Commercial (20 MTPD); In Constructi

Blest Contributing 1. Whitehorse, Yukon Canddiot (528 Blest International Thermal Depolymerization 528, 1320,
Supplier Ibs/day);Discontinuous Operatiohss Continuous Feed 2640, 5280
Ibs/day; 5, 16,

" PTF systems developed to date that are known to process a minimum of 75% plastic feedstock. Systems processingrexmiugtivetyntastes are
excluded.

®Blest reports more than 60 installations in Japan, Africa and Negfalvas not able to independently verify the location or operating statsgstémsaside
from that inWhitehorse, Yukon.
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Golden
Renewables

JBI

Klean Industrig®

MK Aromatics

Limited/ Polymer

Energy
(Technology
Supplier)

Nexus Fuels

PARC

Participating
Supplier

Participating
Supplier

Contributing
Supplier

Contributing
Supplier

Participating
Supplier

Participating
Suppler

1.Yonkers, NY, USA
Demonstration (24 TPD);
Discontinuous Operations

1.Niagara Falls, NY, USA
Demonstration (25 TPD);
Not Operational

1. Sapporo, Japa(Toshibas

Technology Supplier and Sapporo
Plastics Recycling, Gosystem

owner/operator)
Commercial (40 MTPD);
Not Operational

1.Alathur, Tamil Nadu, India

Commercial (10 MTPD);

Continuous Operations, At Capacity

Economic statusnknown

1. Atlanta, GA, USA
Pilot (1.52 TPD)
Discontinuous Operations

US (Caribbean)

us

International

India

US (International)

1. Xinghua, Jiangsu Province, CHiha* China (US)

Demonstration~15 MTPD);

Gontinuous Operationperating

Capacityynknown

2. Nantong, Jiangsu Province, Chfia*

Thermal Depolymerization
Continuous Feed

Catalytic Depolymerization
Continuous~eed

Thermal Depolymerization
Continuous Feed

Catalytic Depolymarization
Continuous Fe&d

Thermal Depolymerization
Continuous Feed

Catalytic Depolymerization
Continuous Feed

¥ plant availability data based on marketing materials. Data not verified by Supplier or facility operator.
2 ORAwas not able to vefij the nature of Klean Industries business relationship with Toshiba Corporation.
Mk Aromatics utilized technologgofn Polymer Energy LLC. Polymer Energy was not reachable for comment as their webisiteyés functioning

*2gystem does not repregeli  O2 Y LI y & Qa
y2i NBLNBaSY

23{éau

SY R2Sa

OdzNNEB y (i
O2YLJl yeQa

20

2FFSNAYyID
OdzZNNEB vy i

2TFSNAY IO

21 TPD
(100%)°
24 TPD (90%) No/Yes

20-30 TPD No/No
(75%)

3,5, 10, 15, Unknown
20, 25, 3050,

100, 150

MTPD

(Unknowr)

10 MTPD
(82%)

Yes/Yes

50 TPD (96%+ No/Yes

15,25, 60 No/No
MTPD
(Unknowr)



PK Clean

Pyrocrat Systems

LLP

RES Polyflow

Vadxx

Participating
Supplier

Participating
Supplier

Participating
Suppier

Participating
Supplier

Demonstration(20 MTPD);
Discatinuous Operations

3. Huaian China

Commercial (60 MTPD)

Not Opeational(CurrentlyRelocating

Equipmen}

1. Salt Lake City, UT, USA

Pilot (5 TPD);

Continuous Operations, At Capacity
15 systemdocated across:
Maharashtra, Rajasthan, Karnataka,
Tamil Nadu, Gujarat, and Andhra
Pradesh, Indiand 1 system inra
undisclosed location in Europe*
Commercial (20 MTPD);
Continuous Operations, Aapacity
Economic statusnknown

1.Perry, OH, USA

Demonstration (60 TPD); Not

Operational

1.Danville, PA, USA
Pilot (1 TPD); Discontinuous

Operationé*
2.Akron, OH

Commecial (60 TPD); In Construction

US (International

India (International)

US (International)

US (International)

* Supplier reported data and/or informatiot verified bysystemowner/operator

*Not operational during Study Period.

% Assumes 8% moisture level with 55 TPD entering the extruder.
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Thermal Depolymerization
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(82%)

60 TPD (100%

No/ Option to
include

No/ Option to
include

No/Yes

60 TPE (90%) No/No



1.3.2 BUSINESS MOOEVERVIEW

Several business model opticare available for interestdéoject DevelopersModels vary byhe level
of involvementhe technology Supplier chooses to hdwegeneral ORAobserved that companies are
tending towards high levels of involvement at earlier stages of developmexleintorensure
commercial viability. Available business models include:

Design, Build, Own, Operate (DBOO)
Joint Venture (JV)

Sales and Service (S&S)

Licensing

Licensing andrailingRoyalty

91 Public Private Partnership (PPP)

= =4 =4 4 =4

Additional details on business dwelds are included in Part 2.

Given the emerging nature BfTRechnology, project development is currently dominated by the private
sector. While municipalitieend/or their service providee committing feedstock in many caseRA
only identified onesystemin India that was developed under a PPP model.

Willingness to Seffinance

PK Clean, Vadxx, Nexus Fuels, and Agilyx all edgresadlingnesdo selffinance the DBOO or JV of

future PTHprojects through existing partnerships with privateigg venture capital and/or private

investors. Cynar indicated a willingness to enter into a special purpose vehicle to facilitate financing. MK
Aromatics Limited develops projects through a PPP structure with municipal government and is willing to
commit20% of the total capital costs for all futeystems Additional details on project financing are
included in Part 2 of this report.

Table4: PreQualified Supplier Business Model

Technology Supplier Business Model Lead Time for System Willingness to Selfinance
Deployment
Agilyx DBOQJV, S&S, License 12-15 months (including Yes for DBO@nd JV
permitting)
Cynar Licensing Agreement + 18 months on equipment SPV possibilities
Trailing Royalty and construction
Blest Equipment Sales 4 ¢ 6 months on No, Leasing options
equipment deliverﬁ}3 available
Golden Renewables Licensing, Sales and 4 months on equipment  Yes
Service
JBI Licensing Agreement + Unknown Unknown
trailing royalty, Sales ani
Service
Klean Industries Unknown Unknown Unknown
MK Aromaits Limited PPP Unknown Willing to commit 20% of
capital cost

%% 4 months on 528 Ib/day unit, 6 months on all other units.
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Nexus Fuels DBOO, Licensing 9-12 month$’ Yes. Partnership in place
Agreement with undisclosed financial

investor to jointly
own/operatesystemsn the

us.

PARC Did not disclose 10 months Didnot disclose

PK Clean JV, Equipment Sales 6 months on equipment  Yes

Pyrocrat Systems LLF Equipment Sales 3-4 months No

RES Polyflow DBOO, Licensing 12 month on equipment  Not currently. Equity raise
Agreement, Othef® and construction underway for firssystem

Vadxx DBOO, Licensing 9-12 months on Agreement in place with
Agreement + Trailing equipment and Liberation Capital to jointly
Royalty construction develop multiplesystemsn

the US. Willingness to self
finance in the future will be
opportunty dependent.

1.3.3 SYSTENNPUTS

1.3.2A Definition and Sources of Plagte=dstock

This report assess®J Fas amanagement option foend-of-life plastic waste Endof-life plastics are

defined as plastics that would otherwisedigposed of in &ndfill Endof life dastics can originate from
postconsumer or posindustrial sources and can be made up of both rigid and film pfsftastics can

also be broadly categorized into thermoplastics and thermosets. Thermosets differ from thernmiplastic
that when molded, they take on an irreversible chemical bond, which cannot be broken again thermally
or chemically. Thermosets are not a suitable feedstodRTésystemsWhile Suppliers reported to

process engf-life plastics, ORA was not ablartdependently verify whether existing or planned

facilities are processing plastics that were previously destined for landfill disposal.

Resin Classification Code

Plastics are made from a multitude of different polymers, with the nawstren polymer typebeing:

PETPP PSPolyvinyl ChloriddP?¥Q, HDPE and LDPE. In countribsre the plastic resin identification
system is in use, plastics are imprinted with the code that corresponds with their resin type, signaling to
consumers and recyclers which maiés can be rec@red for reprocessingimage ).

712 months o equipment and construction on first commercial installat®months on projects thereafter

28 Open to alternative future business models

2 plastic film is a flexible material made from different types of resins: LLDPE, LDPE, HDPE, PP, IBNE, and Ny
Examples of plastic film products include trash bags, plastic bags, sacks & wraps and lined paper bags and sacks.
According to the Flexible Packaging Association (FPA), the estimated amount of flexible packaging waste (FPW)
generated in the US is 5allion tons per year. Flexible packaging waste represents 2.4% or 1.5 % of the total
Municipal Solid Waste generated in the US, according to the EPA.
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Imagel - Plastic ResildentificationCodes
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PETE HDPE LDPE OTHER
polyethylene low-density other plastics,
terephthalate polyethylene including acrylic,

polycarbonate,
polyactic fibers,
nylon, fiberglass
soft drink bottles, milk jugs, Cleaning trays for sweets, crushed bottles, furniture, toys, hard packing, an example of
mineral water, fruit agents, laundry fruit, plastic packing shopping bags, consumers, refrigerator trays, onetypeisa
juice containers and Cetergents, bieaching (bubble foil) and highly-resistant luggage, toys as cosmetic bags, polycarbonate used
cooking oil agents, shampoo food foils to wrap sacks and most of well as bumpers, costume jewellery, for CD production
botties, washing and the foodstuff the wrappings lining and external audio cassettes, CD and baby feeding
shower S0aps borders of the cars cases, vending cups bottles

g

()
T

s =
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In countries where the system is not in use, plastics are commonly classified as either rigid or flexible. The
most prevalent rigid plastics are HDPE, PP and PS. Flexible plastics consist di Alsnsasicc bags and

packing materials and are regularly made of PP, PVE, PET and LDPE. This basic classification system does
not classify waste by resin type.

PostConsumer Plastics
Postconsumer plasticare produced by

residentialand commercial gemators andare
typically collected as part of a municipal
recycling programPlastics are sorted into

Image 2 Sample Bale Processed by PK Clean

then sold into recycling marketBale
composition and contamination rates vary
depending orseveral factos including:
market demand for plastics and consequentl
the types of plastics targeted by the recycling
program andtechnology configuratioand
efficiency Municipal recycling programs
typically exclude plastics for which markets g
weak or do not egi, however some
communities choost target all rigid plastic
to increase patrticipation arichprove overall materials capture rates. In these instanoesot norvalue

¥ Sourcewww.gbpyrolysis.corAccessed February 2015
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plasticsare typically baled together and either soldandfill disposedGiven that plastic bales vary from
location to location and over timephall bales are suitable feedstock fdPBFsystem

Where formal collection programs do not exist, plastics are often collected and sorted by the informal
recycling community. Similar matKerces exist wherebyformalrecyclers target high value plastics,
such as PHJottles and HDP&nd ass over lower value materials.

Postindustrial Plastics

Postindustrial plastics, also known as {g@sumer plastics, are a-pyoduct of industriabr

manufacturing processeBostindustrial plastics bypass municipal recycling programs and are typically
sold directly into recycling markets. Due to their homogenous nature and generally lower contamination
rates, postindustrial plastics can be higldgsired by recycling aRiT Fsystemsalike.

1.3.8B FeedstocRuality

Composition and Form

AllPTRechnologiedavorHDPE, LDPEPandPS. The willingness to accepiter plastic varies by
Supplier. Suppliers typically place limits on PVC and otheineltéal resins such as chlorinated
polyethylene (CPEANdPET although some assert to have developed proprietary techncdogigse
sorting systemto allow for the acceptance of highecomingquantities of PVC and PET. PVC contains
chlorides that prodce hydrochloric acids and a range of dioxitgchcompaniesndicatedare corrosive
to equipment andtan be too costly to removBET has low oil yields and contains oxygen, which can
push the pyrolysis reaction towards combustiGortunately, PET the most readily recycled plastic
resin and is typically extracted upstreanPdisystems PVC is not commonly found in municipal mixed
plastics, however chlorines can also be preseplaistics irthe form ofappliedflame retardants and
fillers, whichcan only be detected by a burn test known as the Beilsteirf't8ystenrpperators reported
performing visual inspections of incoming loads, including the use of real time instrumentation, float tests
and burn tests to ascertain feedstock composition argliee compliance with contamination limits.

Feedstock form is also an important determinant of compatibility Vitsystems Rigid and film plastics
possess different product densities and therefomarequire differentmanagement techniques
Particpating Suppliers indicatetle ability to process plastic films although sodesire it in limited
guantities while otheprefer to avoid it due to material handling issugecause film plastic occupies a
greater amount of space, the liquid petroleum potyields on a per volume basis are less than for rigid
plastics. Therefore, Suppliers recommend blending film withpligétics with a preference for high
guantities of rigid feedstock@RAdid not identify a Supplier @ystemexclusively procesgjrfilm

plastics.

Additionalchallengsto feedstock qualitarethe presence of multilayer plasticsimeomingfeedstock

and nonplastic contaminantsMultilayer plastics typically contaeveral plasticesinslayeredor bonded
together in order to aate plastic products with different attributes representative of each plastic type.

In some cases, multilayer plastics may also contain other materials such as aluminum. For example, food
packaging plastic film may contain several plastic resins: RiPader aapor barrier, PE as a sealamig

LLDPE for optical and mechanical properties S¢éédeholders citedifficulty ascertaining the

wiliayar wo {0200 SG Ffods 4DdZARS (2 GKS LRSYGATFAOLGAZY 2

http://www.spnhc.org/media/assets/leaflet3.pdAccessed December 2014.
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composition ofnulti-layer plasticsexacerbated by the fact that product manufacturers change

composition frequentlyn a continual effort to reduce costs and increase packaging performance.
Nonplastic contaminants include but are not limited to: dirt, metals, paper and W@ataminant levels

are directly correlated with char production rategh char productiorates impact overall system

economics due to reductions in liquid petroleum product yields and increases in char management costs,
thereforesystemoperators seek to reduce ngulastic contaminants by either A) placing strict

contamination limits on incominfeedstock or B) undertaking additionalsite sorting steps.

_ _ _ _ Tableb: Plasticgo-FuelConversion Rate
Eachresinhas a differenplasticsto-fuel conversion

rate therefore, variations ireédstock composition
can have a significant impact on yields, and PET 30%

consequently, economic performanCeable 5. HDPE DataNot Available
Although data on the conversion rate of HDPE was | pyc 30%

identified through the course of this study, HWRIS | LDPE 70%

foundto be a highly sought after fdstock forPTF PP 50-60%

systems. PS 80-85%

Examples gbroductsreportedly sought b¥? TFsystemoperators maynclude but are not limited to:
w Postconsumerplastics fromMIRFs althoughthreshold of contamination can vary by company
and investors desired return on investrienhis can include:
o0 Rigid and filnplasticpackaging
o0 Nonrecycled caps, labels and rejects frbtRFs
o Ewaste
w Postindustrial plastics from industrial or manufacturing processes. This can include:
0 Agricultural plasticsuch asilage bags and polytunnels
0 Auto shredder residue (ASR) plastics
w Scrap carpet
w Tires

Examples gbroductsNOTsought byPTFsystemoperators may include but are not limited to:
1 Metals, papers, glass, brick, wood and other-polymer wastes

Thermoset plastics

Nylon(Supplierfoperaor dependent)

Expanded PS(pplier/operatordependeny

Films Supplier/operatordependeny

=A =4 =4 =4

PreProcessing Requirements

Suppliers varied in prgrocessing requirements of plastic feedstbokindicated that quality of
feedstock is a principal deternaint for ensuring the financial feasibilityRdf FsystemsUnlike some
waste conversion technologies that process mixed MEWsystemgequire presorting to isolate
plastic from othewaste streamsSuppliers may also require that feedstock be preptvedduce
moisture, which ultimately lowers the efficiency of productiemd/orsizewhich may entail shredding or

% provided lp Cynar.
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OKA LI Y33 (2 Geverapaticipaing Supphidis xepdrt&latibsting feedstock to reduce
fiber contamination and correspondjrchar production ratedVhether a Supplier undertakes ggerting
and preprocessing onsite is primarily a function of their business model. Supplieds thetprovide
these services rely on feedstock providers to extract and prepare the target feeuisto to delivery,
which typically results in increased feedstock acquisition costs.

1.3.2C FeedstocRQuantity

System economics are optimized when material throughput matches design c&hauityers
interviewedoffer modularP THpackages rangingdim 0.25- 165 TPDDesign capacity refers to the total
guantity of feedstoclentering the pyrolysis reactorhis quantity of material can also be referred to as
usable feedstockseedstocks with high contamination or moisture levels can demand that daegei
guantities of incoming feedstock be sourced forglistem potentially increasing material acquisition,
pre-processing ancesidual wasténanagement costs.

1.3.D Additional Inputs

In addition to feedstock, some technologies also require dtiperts¢ either at startup or through the
entirety of the process. Actual inputs and quantities required vary by Supplier and system throughput.
These inputs include:

1 Waterc Some technologies use a water quench to condense syngas vapors iiaithe
petroleumproduct at the taikend of the pyrolysis process or for oil conditioffingome
companies require a water supply connectiohijle others source water from condensation
from the pyrolysis proces®f theSupplierghat providedwater requirenent data, demand
rangedfrom 21-227** gallongton of feedstock processed

1 Electricityc All evaluateddéchnologies require connection to an electric grid to suppators
and control system$Some Suppliers reported plans for utilizing excess syngas or a pbrtie
liquid petroleum product for the generation of onsite electric@ftheSupplierghat provided
systemelectricity requirement datademand ranged from55- 1,300kWh/ton of feedstock
processed

1 Natural gag Natural gas is used at the stagi of most processes. As many of BiEF
technologies utilize or plan to utilize syngas produced through pyrolysis to satisfigtitvef) a
parasitic load, natural gas supplyisicallynot needed once systems are operational.

1 Hydroger, One Supplieutilizesa hydro-treating technologyo improve the qualitand
cleanlines®f theirrefinedfuel products, which requiesaccess to a hydrogen sourésidro
treatingcan reducesufur, nitrogen and aromatics while enhancing cetane number, density and
smoke pait.*® Hydrogen can be sourcéua number of ways, which includg:from asystem
that is producing a hydrogen byproduice.(- a refinery), 2) obtaing itfrom mobile sources or 3)

ol conditioning encompasses different processes to stabilize oil end products from volatile materials to be ready
for market. Oil conditioning processes used in PTF systems include: fractionation, distillation, hydrogenation and
water treatmens.

% Supplier reported filtering and 4@irculating water onsite.

¥ KSt t Hydr@reating Hitp:éiwww.shell.com/global/productservices/solutiongor-
businesses/globalsolutions/refinechemicallicensing/refiningechnology/hydrotreating.htmlAccessed:

December 2014.
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produdng itonsite. Proximity to ancharket prieng forhydrogen will impet system economics.
The Suppliedid not reportthe quantity of hydrogen required.

Catalyst; For Suppliers that emplalye useof catalytic depolymerizatiom, catalyst is used to
triggerthe reaction Catalysts are proprietary and typically providethbySupplier. PK Clean
reportedthe use ofan optionalcatalyst onlyrecommendedvhen processing difficult to crack
polymers, such as HDBBI reportedtatalyst requirements of 400d/month for a 24 TPD
systemand Pyrocrat Systenhd Preported catalystequirements 00.1-0.5% of the weight of
incoming feedstock.

Fuel Additives Fuel additiveor antioxdantscan be used to stop oxidation and prolong storage
times.



Technology Feedstock Requiremés

Supplier

Adgilyx Cleaned, mostly dried and chipped/
AKNBRRSR (2 [-0KRyAE

Cynar Separation from notarget plastics
(PVC and PET) and contaminants; S
<300mm

Golden Feedstock must be clean; dried (no

Renewables Y2NB GKFyYy pz YZA

JBI {SLINFGA2Y | yR Of

diameter
Klean Industries Continuous; requires shredded
materials <100mm
No pretreatment

MK Aromatics = Separation from notarget plastics
Limited (PH and PVC) and contaminants.
Nexus Fuels Separation from notarget plastics

(PET and PVC) and contaminants.

Table 6 PTFSystem Inputs

Accepted Feedstock Contamination

Rigid and Fit
Plastics #2,4,5,6
Rigidand Film
Plastics #2,4,5,6

Rigid Plastics #B

Rigid and Film
Plastics #2,4,5,6

Most suitable:
Plastics #2,4,5,6;
Semi Suitable:

ABS, PA, PUR, RVA
4

Rigid and Film
Plastics #2,4,5,6

Rgid and Film
Plastics #2,4,5,6

% Contamination thresholds driven by required financial return
87 Only include system equipment. Additional square footage may be required feefrdmrocessing.

BpTF system only. Does not include material storage, buffers, etc.

¥ particle size subject to change with hardware upgrades
“ncludes preprocessing, prcessing, distillation and storage area
4 Acrylonitrile butadiene styren@BS), Polyamide (PA), Polyurethane (FRtiR)enevinyl acetatg EVA)
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Limits

<510% PVC and PE

(combined)*®
PVC: 0%
PET: 2%

PET, PVC
contamination
thresholds not
specified

PVC and PET
thresholds not
specified

PVC, PET;d¢ated
products.
Thresholds not
specified

PET, PVC
contamination
thresholds not
specified
PVC: <=1%
Tolerated

Additional Process
Inputs

Electricity, Water,
Natural Gas
Electricity, Water

Electricity, Startip
Gas

Electricity, Water,
Catalyst, Stantip
Gas

Unknown

Electricity, Water,
Catalyst

Electricity, Water

System Footprint of Number of

Commercial
Offering

17,000 ft2 building;
0.4 acré’

4,920 ft2 system
footprint®®

5,000 ft2 building’

Did not disclose

Unknown

Did not disclose

Did not disclose

Employees Required
by Commercial
Offering

31

10 Operators, 2
Admin

20

Did not disclose

Unknown

Did not disclose
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PET: <=2% Preferre

PARC Separation from notarget plastics Rigid and Film PVC: <5% Catalyst Y acre Did not disclose
(PET and PVC) and contaminants.  Plastics #¥ PET: Sorted out for
financial r@asons
PK Clean Separation from contaminants. Rigid Plastics #1 <40% PVC and PET Electricity, Natural 3,000 ft2 Building 10 TPD =-3
Feedstock should be shred. (combined) Gas for starup, people/shift
Water, Catalyst 20 TPD =5
people/shift
Pyrocrat Separation from contaminants. <=5% Rigid and Film PVC: <1% Electricity, Water, 3 MTPD: Land 3 MTPD: 10
Systems LLP dust, <=5% moisture; calorific value « Plastics #2,4,5,6, PET: <5% Catalyst 6,458 ft2; Building 6 MTPD: 12
raw material must be above Rubber, Waste Oils 2,690 ft2 12 MTPD: 12
7000KCal/Kg; Particle size: Less tha 6 MTPD: Land
25mm, density more than 0.2MT/KL 10,764 ft2; Building
¢ 5,382 ft2
12 MTPD: Land
19,375 ft2;
Building 8,073 ft2
RES Polyflow  Separation from contaminants. Rigid and Film PET, PVC Electricity, Water, 75Kft2 building for 32
Plastics #77, contamination Natural front end
Carpet, Tire Shreds thresholds not Gas/Propane for  processing, 20Kft2
specified startup, for conversion, 2
Undisclosed acres for upgrading
consumable and ancillary
systems/ materials
handling.
Vadxx {ATSY fTué¢ aSidl f RigidandFilm PET, PVC Electricity, Natural 20,000ft2 Building, 16 operators, 1 plant
al E RALFYS(GSNY wmk) Plastics#2,4,5,6,7, contamination Gas for startup 2 acre site engineer and 1 plant
Tires, EPDf4, thresholds not manager

TPJ Butadiene  specified"’
Rubber, Styrene

*?\Water and electricity connections are infrastructure requirements.

3 Catalyst is optionalepending on feedsck

*EPDM rubber (ethylene propylene diene monomeic{d4s) rubber)

** Thermoplastic olefin

*" Maximum contamination levels are a function of investors required rate of return.
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ButadieneRubbe,
ABS® Styraics

46 Acrylonitrile butadiene styrene
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1.3.3 SYSTERUTPUTS

1.3.3A Definition dPetroleum Products

There is much variation in how Suppliers labelithed petroleum products producefilom PTFsystems.
For the purposes of this repodil and refined fueénd products areollectivelyreferred to as liquid
petroleum products. Products that atharaceristic of synthetic crude arereferred toeither as
synthetic crude oil ooil and end products that undergo onsftactionationinto refined fuels are
referredto asdistillate fuel oils, refined fuels, or fuel blendsto@RAstandardized terminoly to the
extentpossiblehowever some Suppliers required that specific terminology be used to describe their
liquid petroleum productsORArecommends contacting Suppliers directly for additional information
about end product characteristics.

1.3.8 PetroleumOutputs

Throughdifferent configurations of pyrolysis technologig® principal output oPTRechnologiessa
liquid petroleumproduct-- either a synthetic crude oil oefined fuels Productquantity and qualityary
acrossSuppliers.

Giventhat crude oils are comprised of different fractions of hydrocarbon mixtures that condense at
different boiling points,ractionation can produca combination ofight (gasoline andaphthg, middle
(No. 2 fuel oil, No. 2 diesel fuel, kerosemed/or heavy cut fuelgresidual fuel oilgTable 7. The term
fractionation is used broadly in this report to describe fractional distillatidnothertechniquesusedto
produce refined fueldRefined fuels are considered finished products and can be soldydieeatfuel
blender, distributor or other industriend user. Suppliers that undertakactionationonsite have the
ability to tailor the distribution of distillate fuel oil outputs within a-gdegermined range through onsite
blending and process mdidations to optimize system economics.

Suppliers that produce synthetic crude oil may undertait@ensation, separation and conditioning
stepsto improve the quality of their end producdenerally, the light and middbe light and heavgut
fuels arethenblended together and sold #ight sweet synthetic crudeésynthetic crude oil frolRTF
systems is typically characterized as being light (API gravity)and sweet (sulfur content <0% (low
viscosity and low sulfuruppliers that produce syretic crudeoil sell direct to refineries for offsite
processing into otharefinedpetroleum products.

For additional information on crude oil classification see Appendix B.
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Table7: PetroleumOutputs, End Users and Corresponding ASTM/EN Standard

Oil Output  End Users ~ US Standards
Undistilled
Light Sweet Synthetic Crude Refinery SPR 2008
Heavy Distillates
Residual Fuel Oils (No. 5 and No. 6) Shipping/Aviation Industries ASTM D396
Middle Distillates
No. 2 Fuel Oil Heating Oil Companies ASTMD396
No. 2 Diesel Fuel Oil Blender, Oil Broker, Oil Distributc ASTM D975 (EN590)

Direct to End User for use in Energy
Generation Equipment

Kerosene Aviation (jet fuel) ASTM D3699
Light Distillates
Gasoline Retail Transportation Fuel, Chemical ASTM D4814

Industies, Refineries, Fuel
Blenders/Brokers

Naphtha Chemical Industries, Refineries, Fue ASTM 3734
Blenders/Brokers

Distillate fuel oils can either be classified ashtexidstockswhichare mixed in varying proportions with
refined fuels fromother conventional sourceer drop-in fuels Fuel bendstocks caalsobe classified as
either beingon-speg indicating that they comply with the American Society for Testing and Materials
(ASTM) or European Standards (EN) but have not be formaltgnedji®r offspec.Distillatefuel oils

that have been formally registered with their respective governing body are consiaespdcdrop-in
fuels While several Suppliers noted the production ospec fuels, only one Supplier reported
undertaking poduct registrationThe speifications of liquid petroleumroducts willdiffer based on the
producttype and contractual agreements with offtake®sippliers that sell directly to refineries work
directly with refineries to ensure their product meets se&iteria including: pour point, flash point, and
chloride level¢TableB).

Table8: Examplef Refinery Requirementsr Synthetic Crude Oil

Properties Typical Values

Composition, volume %

0,
-LPG 3.6%
24.6%
- Naphtha
. I 35.8%
- Middle Distillate
" 35.5%
- Heavy distillate 0.5%
- Resdue '
API Gravity, degrees 40-45
Sulfur,mg/kg 90-1,200
Pour Point?C 2535
Water,weight % 0.05¢ 0.25
Total Acid Number,
mg KOH/g 0.1¢1.0
Metals content, mg/kg
- Nickel 0.5¢3.3
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- Vanadium <detection

Of the Supppérs that reported successfully selling or executing offtake agreements with end user, all have
reported sales at current oil market pric@RAdid not identify any cases whelPF Hiquid petroleum

products are being useab a drogin fuelin vehicleenghes. Reasons cited inclutte need for refueling
infrastructure and potential to void vehicle engine warranties. All Suppliers marketing transportation
grade fuels are currently undertaking an intermediate blending step.

Liquid PetroleurRroduction Rateand Distillatd=uelDistribution

The conversion rate of plasticltquid petroleum products is dictated by feedstock composition and
technology.The iquid oil/fuel conversion rates acropse-qualifiedSuppliers averaged betweé6-80%
with a range 0fl56-280 gallon®f liquid petroleum producproduced per ton of usable feedstock
processed?® For Suppliers that fractionate onsitaetdistribution ofight, middle and heavy distillateel
oilsvary by input feedstock, technology and operating conditidrsmmple distribution of distillate fuel
oil outputs isprovided in Tablé.

Tabled: Sample Distribution @istillateFuelQil Outputs

Cynar PK Clean

Diesel Blendstock 70% Diesel Blendstock 66%
Light OilNaphtha 20% Light Qil 33%
Kerosene 10% Wax Recirculated

Quality Control

Quialityis one of the most salient challenges associatedsyititheticliquid petroleumproduction and
marketability.Unlike fossil fuel derived crude oil that has fairly predictable characteristics and is a well
known conmodity, synthetic oils and distillateel oilsfrom plastic waste is hew to the market. Oil quality
can vary weekly due to fluctuations in feedstock compositigt levels of nitrogen, sulfur, chlorines

and halogens imcoming feedstockesultin loweryields andower qualityliquid petroleumproduct.
Several Suppliers indicated an ability to produce middle distillateifsilat meetlow orultra-low

sulfur diesel standarddependingon the quality of the feedstock.

1.3.3C Additional Outputs
In addition toliquid petroleum productsPTRechnologies produce all or some of the following outputs.
Output quality and quantity varies by Supplier and system throughput. These outputs include:

1 Syngas Syngas, or synthesis gas, is a byproduct of théecmation process. Nezondensable
gases are comprised of carbon monoxide, hydrogen and carbon dioxide. Syngas has a heating
value of approximately twthirds natural gas, and thus has an energy value that can be
recovered through the proce§$Many compaies either utilize or plan to utilize this gas as an

“8 Converting tons to barrels of petroleysroduct requires the density of the oil or distillate fuel product.
Therefore, a 70% conversion rate for synthetic crude oil will not equal a 70% conversion rate for distillate fuel
products. Product density can vary by Supplier and product.

US EPA, Ergy Recoveryhttp://www.epa.gov/waste/hazard/wastemin/minimize/energyrec/index.htm
Accessed: December 2014.
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1

Supplier

Agilyx

energy source to support parasitic load. In cases where the syngas is not utilized, companies flare
or thermally destrucit to comply with air emissions standards. Several companies reported
expectatiors for excess syngas production in commercial scale operations, which could be sold or
used for onsite electricity generaticBuppliers cited syngas production rates-@086 by weight

of incoming useable feedstock.

Char- Feedstock impurities are sepaeat out into @ inert, norhazardoushar.Char contains

the additives andontaminantssuch as fibers and glakat enter the system as part of the
incomingfeedstock. In all caseSuppliersndicated that char generated froRl Fvasclassified

asan irert material that could bdisposed in a nehazardous landfillna few casesSuppliers

are exploringlternativeapplications for the char inclirdy use irroad, carpet and roofing
material.Suppliersnost often cited additional energy recovery aspheferredmanagement

option for char. Because there is a carbon component in the char, this material can toeasent
incinerator, or burned asite for additional energy recovery. These alternative uses for the char
make the conversion process potentialgerclandfill management optiarOf study

participants, MK Aromati¢smitedis the only Supplier that reported successfully selling treated
char®as coke fofiller productin the electrode markein India Participating Suppliers cited char
productionrates of 520% by weight of incoming useable feedstock.

Wastewater SomePTFsystems use water in the condensation process to cool and contract

gases into a liquid state. Other compam@gwaterwith oilin the oil conditioning process to

achieve desad pH for end products. Water is either produced through condensation of the
pyrolysis process or sourced from local sugpdyneSuppliersndicated that wastewater

produced through the process iscigculated through the system. However, in cases where

excess wastewater is produced, onsite treatment and/or discharge to a local sewage system may
be required Of the @rticipating Supplierthat generate wastewater onsite, omeported

generation rates of 34 gallons/ton.

Wax- Wax productiormayoccur at he back end of th®TFsystem ORAis not aware of

companies selling wayproductas a marketable end produdt/hileNexus Fuels ia the

process of identifying potential end marke®& Clearecirculaeswaxback into the pyrolysis
reactorfor further processing.Nexus Fueland Pyrocrat Systems LLP beited wax production
ratesless than or equal tb0% by weight of incoming useabdedstock.

Tablel0: PTRSystem Outputs

Technology Petroleum Produds ASTMStandards Projeced Ol Other End Products (% by
Product Meets Production/ Ton  weight of incoming
of Useable feedstock)
Feedstock
Light Sweet Synthetic Not applicable ~211¢ 221 Char:7-10 %
Crude gallons/ ton Syngas7-15%

Other:Amount not

* Treatment includes metal removal and filtering.
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Cynar

Golden
Renewables

JBI

Klean Industries

Nexus Fuels

MK Aromatics
Limited

PARC

PK Clean
PyrocratSystems
LLP

RES Polyflow

Vadxx

Middle DistillateDiesel
blendstock CynDiesél’)
Light Oil CynLité™)
KeroseneQynKerd”
Diesel blendstock
Gasoline blendstock

Naphtha

Diesel Blendstock

Fuel Oil #6

Light, Middle, and Heavy
DistillateFuel Oils

Light Sweet Synthetic
Crude and distillate fuel
oilsdepending on
configuratiori®

Light Sweet Synthetic
Crude®

Light Sweet Synthetic
Crude

Light Sweet Synthetic
Crude

Light Sweet Synthetic
Crude

Naphthablendstock,
distillate blendstock and
heavy oil

Light endNaphtha Middle
distillate diesel fuel No 2

*1 Other poducts includdgrace amounts ofindissolved solids (hazardous) avastewater

CynDiesél'meets
ASTM 975 and
EN590 pending
registratioﬁ_’2

Did notdisclose

Fuel Oil #6 meets
ASTM D396

Did notdisclose
Not formally tested
but preliminaryd™
party testing shows

compliance.
Not applicable

Not applicable

Not applicable

Not applicable

Did notdisclose

Middle distillate
meets ASTM D975

52 CynFuel¥'has successfully undergoRegistered
*$100% utilized onsite.
> Assumes 86.7% liquid oil conversion rate.

*® Fuel blendstocks produced include diesel, naphtha Skee®
*® product is currently processed offsite at a refinery owned by MK Aromatics.
" Assumes 1 ton 279.2gallons of crude oil. Supplier reported a liquid oil conversion of 70%.
%8 Future systems will recirculate syngas for onsite use.
%9100% utilized csite.
% Supplier reported oil production rates of 6,59000 liters / 10K kg of waste mixed plastic scrap.
® Includesmetals, wood, glass
%2100%utilized onsite

%4100% utilizednsite.
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~250 gallons/ ton

~190 gdons/ton
~265 gallons/
ton>*

Unknown
~220280 gallons/
ton

~195 gallons/

ton®’

~160gallons/ ton

~250 gallons/ ton
156-216 gallons/
ton®

~202 gallons/ ton

~210 gallons/ ton

disclosed
Char 5%
Syngas6%°

Char:5%
Methane 15%

Char:Unspecified
SyngastUnspecified

Unknown

Char 510%
Syngas8-12%
Wax 3-10%

Char:10%
SyngasQuantity not
provided®
Char:18%

Char 5-10%
SyngasQuantity Not
provided o
Char:10-15%
Syngasi5-20%
Wax:Nil to 10%
Nontarget Residués Est.
10%

Wastewater 5% by
volume

Char 35%
Syngas20%°

Char 5-15%
Syngas1520%"*



blendstock®, heavy end
lubricant

1.34 SYSTEHCONOMICS

PTFsystemeconomics are driven by numerous factdiisese factors can be broadly categorized into
capitd cost(capexdrivers, operating and maintenance (O&M) cost drivers, and revenue drivers.

CapexDrivers: O&M Drivers: Revenudrivers:

1 Designcapacity 1 Demand for and cost of o

f Systenfootprint and inputs (water, electricity Liquidoil/fuel
requirement for full labor, catalyst, conversion rate
enclosure hydragen) 1 Market price fodiquid

1 Infrastructure T Feedstock purchase an petroleum products
requirements transportation costs T Potential for per ton

f Onsite preprocessing 1 Char production and tipping fees

1 Chosen business landfill disposal rates
model T Wastewater production

1 Technology and management costs

9 Financing costs Fuel transportation cost

Maintenance costs
Trailing royalty
Insurance
Management Fees

=a =4 —a -8 9

Capex vaessignificantly across participating Suppliamns systemlocation Unadjusted otal CapeX was
reported to rangdrom $305,400for pyrolysis equipent and installatioff to $20 Millionfor a turnkey

systemor $163 to$1,606 TPYof installed capacityCosts are largely influenced by whether-pre

processing occurs onsitgystemsize, technologyusiness modeind local site development cosBK
Clearcited variable capital cost structures depending on design capacity and whether a direct equipment
sale or JV model was used.

Systenfootprint can also impact cost with footprints ranging from ff2dor a modular, lowcapacity
0.25 TPMunit to 95000ft2 for a large scal@0 TPD system including freenid processing. Cynar was the
only Supplier that noted a preference to operate their system outside of an enclosed biiijgicgl

land requirements range from-2zacres.

Suppliers citedinadjustedper urit O&M costs ranginfjom $25-70/Barref’. Fixed O&M costs including
maintenance and expenses associated with acquimpgs andmanaging nofievenueoutputs

constitute the majority of O&M costs however, variable O&M costs such as feedstock purchase and
transportationandfuel transport costs can have a significant impact as S8&leral Suppliers offer

BLAIKGSNI 2N KSEHGASNI Fdz8§ta Oy 6S LINPRAZOSR RSLISYRAy3 2V
% Cost estimates have not been adjusted to account for local cost variations outside of the Suppliers current country

of operation.

% Cost is exclusive of site development

%7 Cost estimates have not been adjusted to account for local cost emsiatiitside of the Suppliers current country

of operation. Cost components included vary across suppliers.
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licensing agreements that require trailing royalties tied to the sale of oil, with the percentage point set on
a caseby-case basis.

Most Suppliers indidad a willingness to purchase feedstock at market value although many are
strategically developingystemswvith MRF ownersr at landfill site¢o guaranteea longterm, noor low
cost supply of feedstock. One Supplier indicateddhairchase price excemg $62/ton of plastic would
impede economic performanaehile another indicated that O&M costs are reduced by 50% when
obtaining feedstock free of charge.

Systenrevenues are driveby a systenf) @lasticto-fuel conversion rate and market price for fieuid
petroleum products produced. Suppliers that accept plasticg #&ported additional revenue streams
from the sale of no#target plastics and metals and others indicated the potential for sellingwaar
utilizing excess syngas onsite in thedoiaction of electricity. Unlike other solid waste management
technologies, tipping fees do not appear to k&@gmificantrevenue streanat this time One Supplier
indicated the potential to receive a tipping fee for spedifighly contaminated nerecychblepost
industrialplastics while another noted receiving tipping fees for a portion of incoming feedSouie
Suppliers offer discounts or incentives to attract project partners. MK Arorhattitedoffers discounts
on liquid petroleum products to geernment and corporate partners. In the event that they are not
interested in purchase, the company offers the partner the difference between the discounted and actual
sale price in the form of a rebate.

The breakeven cost of producioge barrel oflight sweetsynthetic crudeil or distillate fuebil varies
considerably by SupplieéBuppliers that produaefined fuelscommand highemarketprices per unit of
fuel produced andanpresumablysupport higher breakeven costs than those that produce syiathet
crude oil.Breakeven costgsted in Table 1ihclude capital repayment, although Suppliers assumptions
differ around the cost of capital.

Tablell SystermEconomicef Commercial Offering

Technology Supplie Capex Capex/TPY o&M Breakeven
SYNTHETERIJDE OIL PRODUCERS

Agilyx $12-13 Million® $714-770 Proprietary Did not disclose

MK Aromatics $3.5 Millior?* $1,058 $39-49/barrefl® Did not disclose

Limited

PARC Proprietary Proprietary Proprietary Did not disclose

PK Cled Pricing starts at $2 Starting at $606 ~ ~$2535/barref®  $40/Barrel
Million

PyrocratSystems 3 MTPD: $305,400 $163308 3 MTPD: ¥0/barrel Did not provide

LLP 6 MTPD: $437,200 6 MTPD: &1/barrel

% Exclusive of frorend processing, building, site development, soft costs. Inclusive of processing equipment only.
69 Capital cost for LOMTPD mdduAdditional modules cost $1.5 Million each. Cost is inclusive of all soft costs,
construction, site development, etc.

© Supplier quoted $0.20.25/kg with no feedstock acquisition costs.

" Company is capable of selling fractionated fuels, dependitmcahmarkets

2 For 10 TPD for JV mod@ricevaries based on capacity, business model, deal terms amitqressing

requirements. Inclusive of all costs except building purchase/lease and saft costs

8 Assumesio residuals managemeat feedstock acqgsition costs.
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12 MTPD: $64800™* 12 MTPD:

$26/barrel”

DISTILLATE FUHLPRODUCERS
Cynar Proprietay Proprietary Proprietary EUR 0.43/liter
Golden Renewable: $5-6 millior® $950- $1,140 ~$30/Barrel” Did not disclose
JBI $5-8 Million $912¢ $1,460 Did not disclose Did not disclose
Klean Industries Did not disclose Did not disclose Did not disclose $48/Barrel
Nexus Fuels $9-12 Million'® $514629 Did not disclose  Proprietary
RES Polgiv Proprietary Proprietary Proprietary Did not disclose
Vadxx $17 ¢ $18 million™ $851-909 Did not disclose <$50/Barrel

1.5 PTRRYSTEMS

ORAconducted site visitt known operatind® TFsystemdo verifystatus and performanc®ased orhe
criteria outlined irSectionB, ORAconducted visits tthree systemsluring theSudy Period. All systems
were operating on a pilot scale basis with systemsoperating on a coitiuous basis andne system
operating on a discontinuous basis.

1.5.1 NEXUS FUELS,1IA0TLANTA, GA, USA

In early 2013, Nexus Fuels, LCC began operations at a pil®®Bealstemin Atlanta, GA. Theystemis
currently processing an average of-2.3PD of waste plastics on a discontinuous basissyildtemwas
seltfinanced and developed in coltatationwith the Georgia Institute of Technology. The Eiatemis

also currently operating an R&D fractionation system by which it is producing gasgiittiea, diesel,
andkeroseneblendstocksheavy oil and wax. All oil products are currently being stored onsite. The
system has run in idle or operating mode continuously for 18 months with the number of operating days
per week dictated by a sathposedimit on onsite fuel strage An independent study has reportedly

been performed on the Nexielsreactor with a second study on the design of a commesgsaém
currently underwayThe study was not made availableaRA

" Inclusive of equipment, equipment installation, preoperative expenses and contingency. Excludes site
development, prereatment, building, land, soft costs. Costs reflect those for Indian systems and have not been
localized.

> Assumes manag labor rate of $3000/month, engineer labor rate of $2000/month and unskilled employee labor
rate of $1000/month. Excludes debt service, depreciation, material acquisition, char management, and lease cost.
Assumes an oil production rate of 600 liters/neton.

® Does not include storage tanks, site development costs, permitting.

" Includedabor, electricity, natural gas, utilities, license fees, maintenance. Does not imatetél purchases,

residue managemerdr general administration.

8 Inclusiveof all equipment, soft and site development costs. Exclusive of land purchase/lease.

" Exclusive opermitting, planning, site design/layout, site identificatiand building purchase/leadaclusive of:
integration fee (license modethanagement andanstruction of all in process piping, recovery equipment, storage,
instrumentation and control, and commissioning by Rockwell, shredder, drying, and safeguard/separation technology, working
capital and start ugf optimal waste materials are selected, thl.5 Million of these costs may be avoided.
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ORAobserved preshred HDPHrums being fed into the reactas,liquid petroleum producxiting the
condenser, the wax byproduct and the rudimentary fractionatiooil into refined fuels duringts site
Visit.

Tablel2 Nexus Fuels, LBgstenrSummary
Owner/Operator Nexus Fuejd LC ‘

Technology Thermal Depolymerization, Continudtesed

Technology Provider Nexus Fuels, LLC

Systeniocation Atlanta, GA, USA
Commercialization Pilot

Stage

Design Capacity Pilot Scale, 1-2 TPD
Operating Status Discontinuous

Operating Throughgt Undisclosed. Operations are for testing purposes onl

Feedstocks Processed Rigid#2 (Reported Rigidd#5, and6 but not observed
during site visit)

Feedstock Sources PostConsumer Plastics from a local single stream M
and Post Industrial HDPE draifrom the food service
industry

Liquid Petroleum Light sveet synthetic crudenaphthg gasolinediesel

Products and kerosendlendstocks, Fueloil #2and wax°

Liquid Petroleum 5.2-6.7 Barrels/Tomreported

ProductProduction

Rate

End User Currently being stored onsite for future use, onsite

heating demand and operating power equipment

Site Visit Date March 2014

1.5.1A Process Overview

Target feedstock undergoes shredding onsite before it is degassed and fed into the reactor where it is
exposed o temperatures ranging from 3#8L5°C for a period of approxirtely four hours. Vapors
producedare then condensed inta light sweesynthetic crude oil and necondensable gases. A portion
of the synthetic crude oil currently undergoes fractionaboren R&Dbasisto produce distlate fuel oils
which are used for onsite heating and equipment operations, anddstoreise as startip fuel for a

% Fractionated fuels have not been formally tested to determine whether they aspean

40



future commerciasystem 100% of noftondensable gases are utilized onsite, with a reported potential
for excess gas to be converted into electricity.

1.5.1B Feedstock Supply

The Nexu&uelspilot systemis processing 1-8 TPD of predominantly HDPE drums from the food service
industry with lesser quantities being sourceshira local single stream MRF. Thetgystemdoes not

currently process plastic films however future commessistemsare expected to be equipped with an
upfront densification process, allowing for the processing of film feedstocks. Target resins include HDPE,
LDPE, PP and PS with contetidn limits of <=1% PVC and <=2% PET preferred, although samples have
reportedly been processed with high contamination rates for testing and demonstration purfioses.

pilot systemis currently processing feedstock that has been provided at no dostight Nexu&uels

indicated theymay be willing to pay for feedstock in the future.

1.5.1C Additional Inputs

The Nexus Fuels technology requires electricity and \wHiteyugh the current configuratiomtilizes a
closed loopcooling system, whiolliminates the need for wateilOnsitewater andelectricity
requirementdor the pilotsystemwere not disclosed.

1.5.1D Outputs

Liquid Petroleum Product
One ton of target waste plastics reporteghpduce5.2-6.7 US barrelsr 220-280 gallons olight sweet
syrthetic crude for a 729% plastic to oil conversion raReported yields assume feedstock is relatively
clean HDPE, LDPE, PP andifls. sveet syntheticcrude has undergone R&D grade fractionatinsite
into distillate fuels including gasoline and eiddendstocksnaphthaand keroseneAccording to Nexus
Fuels preliminary thirgoarty lab testing has indicated fuel components could meet most quality
standards however fuels will not undergo formal testing until a commercial fractionation system is
ingalled.

Wastewater
The pilotsystemdoes not currently produce wastewater due to its closed loop cooling system design.
Future commerciadystemswill employ watetbased coolingowers however wastewater quantities are
expected to be low.

Char, Norcordensable Gases and Other Byproducts
Based on the composition of feedstocks tested at the NexalsPTFsystem char production rates
range from 510% of incoming feedstock. Char is currently landfill disposed dsamamdous waste. Wax
is a secondary Ipyoduct of the NexuBuelstechnology, which could provide an additional revenue
stream should end markets be identified. Wax production is estimated @¥3of incoming waste.
Syngas production ranges fror1 8% of incoming waste, which is currently usedperate the system.

1.5.1E System Costs

Capital and operating costs of the pggstemwere not providedas they are not reflective of future
commercial offerings.
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1.5.1F Outlook

Nexus Fuels has an undisclosed strategic investor with whom thdgsigrbuild-own-operatePTF
systemsacross the United States. Nexus is willing to entertain alternative business arrangements both
domestically anéhternationallywhereby they would partner witAroject Developers or municipalities in
feedstockfor-preferredpricingofftakeagreements. Nexus Fuels is in the process of developing its first
commercial scale, 50 TBizstemin the southeastern US with operations anticipatelie2015

1.5.2 PK CEAN SALT LAKE CITY, UT, USA

PK Clean began operating ithalot scale, 5 TPBTFsystemin Salt Lake City, Utah in July 2013. The
systemwas relocated from the University of Utah to a private site in M20&4 and achieved

continuous, 4day/week operations in July 2014. Bystemwas seHfinanced and emloys 4full time

workers. An independent engineering analysis has reportedly been performed although it was not made

available talORA

ORAobservedmetal contaminants being pulled from incoming feedstocks, plastic feedstocks being shred
and fed into the reetor and oil products and wax exititige multi-stagecondenser. The bales stored on
site and those being processed during the wigfieared to have material composition consistent with

that coming from a single stream MRF.

Tablel3: PK Clea8SystenSummary

Owner/Operator PK Clean

Technology

Technology Provider
Systeniocation

Commercialization Stage
Design Capacity

Operating Status
Operating Throughput
Feedstocks Processed

Feedstock Sources

Liquid Petroleum Product/s

Catalytic Depolymerization, Continuous
Flow

PK Clean
Salt Lake City, UT, USA

Pilot
PilotScale, 5 TPD

ContinuousAt Capacity
5 TPD
Rigid#1-7

Predominantly Post Consumer Plastics
from multiple, regional single stream
MRFs

Light sveet synthetic crudeil®

8 Company reported an ability to sell synthetic crude oil or distillate fuel oils, depending on local markets. The Salt
Lake City system has successful sold synthetic crude oil to date and is currently producing and storing distillate fuel
oils for sale once they reach an unspecified quantity.
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Liquid Petroleum Praatt 6 US Barrels/Ton reported
Production Rate

End User Sold toLocal Refineries

Site Visit Date July 2014

1.5.2A Process Overview

A mixture of baled and prghredded plastics is processed at the PK Glgstem Baled plastics undergo

hand or mechanal removal of visible contaminants followed by shredding to achieve uniformity with
YFGSNAFEfAa GKFd KIFIgS 0SSy aKNBR 2FFaAiasS oe GKS 02y
a premelting process before entering the reactor where it is viapdr The vapor then enters a three

stage condensing system where it condenses into a diesel oil product, light oil and a wax. The diesel oil
product and light oil are blended together before being sold as crude to a local refinery while the wax is
re-ciraulated into the reactor for additional processing.

1.5.2B Feedstock Supply

Waste plastics #I are currently sourced from regional MRFs that process recyclables from municipal
and commercial waste streani®astics#2, 4, 5 and 6 are targeted by the reactfor depolymerization

The majority of incoming feedstock is sldedby the MRF operator prior to delivery, although PK Clean
is able and willing to undertake shredding onsite. PK Clean is not currently paying for feedstock from
suppliers but is willingp pay a few cents per pound or share revenues in order to guaranteeiong
supply.The company has developed a propriefargycesghat allows their system to accept more
heterogereous feedstockfrom a variety of sources)cluding streams with comied quantities of PVC
and PE®s high ag0% Profitability was said to decrease at higher levels.

1.5.2C Inputs

The PK Clean technology requires elecgrazitd water. Onsite electricity requiremerfits the pilot

systemare approximately 200,000 kWlgar and onsite water requirements are approximately 1.5
million gallons/year. The company offers an optional, proprietary catalyst, which is only recommended
for feedstocks containing high quantities of difficult to crack materials such as HDPE. €ha Bystem
does not require additional fuel.

1.5.2D Outputs

Liquid Petroleum Product
The PK Cleaystemreportedly produces 6 US barrels or 250 galfmerston of feedstock fed into the
reactor, with2/3 of the oil product exihgathree-stage condengeas a diesel blendstoekd1/3 as light
oil. The relative distribution @nd products can reportedly be manipulated depending on local end
markets by modifying operating parameters. 100% ofithed petroleumproducts produced are
currentlyblended anl soldas light sweet synthetic crude tlone of five local refineriedthough PK
Clean reported to be upgrading fuels onsite for future sale as distillate fuel oils.
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Wastewater
Water is filtered and reirculated onsitéherefore;the PK Clean systedoes not produce wastewater
that requires offsite treatment.

Char, Norcondensable Gases and Other Byproducts
Char production rates range frorilB% of the incoming feedstock. Char is currently being stored onsite
at the Salt Lake City facility untibege enough quantity is amassed to sell. dondensable gases are
utilized onsite. Wax produced by the condensing proces<isctdated into the reactdior additional
processing.

1.5.2E System Costs

The PK Clegilot systemwas seHfinanced. Caipal costs are not reflective of future commercial offering
and therefore were not provide@&M costsvere said to range from $2837/barrel, with lowend costs
reflecting no materials acquisition or residuals management co&fd. estimatesre inclusiveof
insurance, testing, labor, utilities, end product testing transportation of oil to the end user.

1.5.2F Outlook

As of January 201BK Cleawas undertaking a capacity upgrade at tigziit Lake Citfacility.
Commercial scale operations are extee for summer 2015The companys alsocurrently in discussions
with project development partners in the d8dexpects to develop a second, commercial segdtem
under a joint venture model in 2015.

1.5.3 AGILYK TIGARDPOR, USA

In December 2013, Agk began operations atpilotscalePTHacility inTigard OR, USA. The self

FAYLFIYOSR TFTFrOAfAGE NBLNBaSyia GKS DSy ¢ GSOKyz2fz238
continuougy fednon-catalytic pyrolysis system that includes a heatelficéeaning duascrewreactor.

The facility is currently processing an average of 10 TPD of waste plastics on a cdeisiadirepilot

facility is currently producingyht sweetsyntheticcrude oil, of which it has sold 600,000 gallons to a local

refinery. The system has an-time of 92%. An independent study has reportedly been performed on the
system, buit was not provided for review.

ORAconducted a site visit of thEigard Oregon facility in September 2014. During this G&tA
observedore-shredmixedrigid plasticbeing fed into the systernd film plastic stored onsite. Agilyx
indicated that film plastics would be blended with rigid plastics and processed at ti@Rsithd not
observe film plastics being processed at the time w@ists

Tablel4: AgilyxSystenSummary

Owner/Operator Agilyx

Technology Thermal Depolymerization, Continuous
Flow
Technology Provider Agilyx
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Systeniocation
Commercialization Stage
Design Capacity
Operating Status
Operating Throughput

Feedstocks Processed

Feedstock Sources

Liquid Petroleum Product/s

Liquid Petroleum Product
Production Rate

End User

Site Visit Date

Tigard OR, USA

Gen 5 Commercial
Gen 6 Pilot
PllotScale, 10 TPD

Continuous At Capacity
10 TPD

Rigid#2,4,5,67 (Films reported but not
observed at time of visit)

Postconsumermplasticsfrom a single
stream MRF anpgostindustrialplastics

Light sweet synthetic cruds!

5.14¢ 5.26barrels/ton reported

Sold toLocal Refinery

September 2014



Image 3 Agilyx SystenTigard OR, USA

1.5.3A Process Overview

Feedstoclkarrives at thesystempre-prepared by feedstock supplieFeedstockis shredded to a
dimension oby¢ In future commercial applications, Agilyx will seek focate near a MRF, where pre
processingystems are already in plaigeminimize frontend coss. Once at theystem plastic feedstock
is placed in stragebags orthe stock floor. Each batch is testedaihench scalsystemonsiteto
determine feedstock compositioRrepared plastics feedstock is placed on a hopper and loaded onto
conveyer belts.

Once on the conveyer, a magnet pulls most remaining ferrous metals out of the input stream. Material is
continuously fed intdhe system at automated 380 second intervals. Input material enters the reactor
where heated dual screws rotating forwards &adkwards at slightly different speeds feed it through
several different heating zones. The relative movement of the screws createslaasetig action. Any
residues scraped off of the cartridge flights in this stage are collected as char. Plagitisrough

several heating zones and are converted into hydrocarbon gases. These pass to a condensing tower
chamber, which uses a cold water spray to condense the majority of the gases into heavy oil. The oil and
water emulsion is sent to a coalescing tamere the oil and water are separated. The light

hydrocarbons exit from the top of the condenser as gases and are subsequently condensed in a chiller as
light oil which is sent directly to storage. The heavy oil is conditioned to adjust pH, removéapesticu

and lower organic salts before it is sent to storage as well.
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1.5.3B Feedstock Supply

Feedstock quality is critical to generate yields for economic feaslbilitys fpeoéess fasiorg2,4, 5, 6
and 7 Agilyxassertdo target plastic filmalthoudh indicated that it must beombired with higher
density plastis in orderto facilitate processingihe pilotsystemis currently processinfigedstockthat
comes from a clearsinglestreamMRFthat sorts recyclables from residential and commercial ssurce
Thesystemalsosources feedstock from haulers, manufactuesd a variety of distinahdustrial
markes. Agily>operatesa separatebench scale unit to test the quality and compaosition of incoming
plastics.

1.5.3C Inputs
TheAgilyxsystemrequiresnatural gas for staftip, electricity and watdn the condensingind oil
conditioning stages. The company did not disclose the amount of inputs requiredsygtéra

1.5.3D Outputs

Liquid Petroleum Product
TheAgilyxsystemproducedight sweet synthtic crude oil thatis currentlysent to a refinerjor further
processingThe company indicated that the oil must contain less than 1% residual matter in order for it to
have value for a refinenpAgilyxand their end user both undertake testing to enstie product meets
specifications, which can differ according to the refin€hg proceskas a liquiail conversion rate of
72-75% or211-221 gallongon.

Wastewater
TheAgilyxsystemproduces wastewatdrom condensation anthe oil conditioning proess whichis sent
offsite for treatment. Wastewater generation rat@ere not disclosed.

Char, Norcondensable Gases and Other Byproducts
Charproduction rates range from10%by weight of incoming feedstodepending on the quality of the
incoming feestock. Agilyx indicated that char is an inert material and is not considered hazardous. At
present, thesystemis disposingf char in landfill, howeveplans toexplore otherend marketsin the
future. Non-condensable ggsroduction ranges froni-15%by weight of incoming feedstoclgilyx is
thermally destructing these gases-site, but in the futurenayreturn-feedtheminto the systemo
offset thesystemgarasitic loadTheAgilyx system produces trace amounts of hazardous waste from
filter cartridges in thevastewater treatment skidvhichrequires special disposal.

1.5.3E System Costs

Capital costs for thagilyxpilot are not indicative of future commercial Generation 6 offerings and were
therefore not provided. Capitabsts fortheir 50 TPD aomercialscalesystemrange from $120 $13

million. Capital cost estimates are exclusive of building, site developmertepetopment (soft), and
pre-processing cost©&M costsare proprietary.

1.5.3F Outlook

Agilyx is in the process of commissioraisgstemin North America in early 201Betails were not
disclosed.
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1.54 ADDITIONARTFSYSTEMS

Through desk research and conversations RitRindustry playersQRAdentifiedand collected
information onadditionalPTFsystemsORAdid not verify theoperations of thessystemghrough
independent site visitaseither 1)they did not meetORAR & viikciit&ia listed irbection Bor 2) they
were discovered at the end of the Study Periodtand did not permit a visiSeverakystemswvere
reported to be in operation by a Supplier liRAvaseither not provided with contact informatioor
the owner/operator was not reachable for comment
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Owner/ Operator Technology

Tablel5: AdditionalknownPTFSystems

Scale

Design

Operating Period

Feedstocks Processed OperatingStatus

Danville, PA,
USA

Niagara Falls,
NY, USA
Lithia Springs,
GA, USA
Nantong,
Jiangsu
Province,
China

Xinghua, Jiangs!
Province,
China

Sapporo, Japan

Whitehorse,
Yukon, Canada

Supplier
Vadxx Vadxx
JBI JBl
GenAgain Agilyx Gen 5
Technologies
Nantong Tianyi PARC
Environmental
Protection
Energy
Equipment Co.,
Ltd.
Nantong Tianyi PARC
Environmental
Protection
Energy
Equipment Co.,
Ltd.
Sapporo Plastics Toshiba
Recycling, Co.  Corporation
P&M Recycling Blest

Pilot

Demonstration

Commercial

Demonstration

Demonstration

Commercial

Pilot

Capacity
1TPD

25TPD
50 TPD

20 MTPD

15MTPD

<40 TPD

528 Ibs/day’

March 2010
August 2014
(Akron, OK)lystem
relocated in August
2014

March 2010 2014

Did not Disclose

July 2009 Present

January 2006
Present’

2000¢ September
2012

Installed in 2012
Present

® plastics can begid, flexible, varying densities, varying contaminatiorideared can includéres.
% As of October 2014.
8 Facility has reportedly been processing plastics since 2007.
& |nformation provided byfoshiba Corporation, December 2014
8 System throughput is 780% of stated design capacity.
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Discontinuous
Operations

Postindustrial plastics, post
consumer plastics from clean
and dirty MRF§

Postindustrial plastics Not operational®
excluding PET and PVC
Did not disclose Did not disclose
Discontinuous

Operations

MSW plastic: R&0%, PR25%,
PS25%

Papermaking waste plastic: P
PP, PS

Industrial plasc scraps: PE,
PP, PS, PMMA etc.

Scrap tires and oil sludge
MSW plastic: R&0%, PR25%,
PS25%

Papermaking waste plastic: P
PP, PS

Industrial plastic scraps: PE,
PP, PS, PMMA etc.

Continuous
Operations
Capacityunknown

PE, PP, PS Not operational®
PPPE and PS from various  Discontinuous
municipal and industrial Operations



Perry, OH, USA RES Polyflow RES Polyflow Demonstation 60 TPD

Portlaoise, Cynar Cynar Pllot 10 MTPD
Ireland

Tamil Nadu, MK Aromatics Polymer Commercial 10 MTPD
India Limited Energy

March 2013
August 2013

Jul 2016Present

2009-Present

* Supplier reported data and/or informatiot verified bysystemowner/operator

8 postindustrial plastis includedires/ carpet/agricultural plastics and other materials.

% Supplier has taken system offline in preparation for siting at new location.

sources

3 batch and 4 continuous feet Not operational’
trials performed with 50%

postconsumer MSW

and 50% mix of poshdustrial

plastic§’
Trialed plastics fromanestic  Discontinuous
(20%), commercial (10%), operations.

agricultural (20%), and

construction (20%) waste.

80% Post consumer 20% pos Continuous
industrial plastics #2,4,5,6,7; Operations At
30-35% film plastics, 680%  Capacity
rigid plastics

89 System can toleratep to 50% contamination rates in domestic and agricultural feedstocks and 20% irrctahfeedstocks.
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1.5.5 OUTLOOK

According to Contributing and Participating Suppl&s& TFsystems ranginfjom pilot to commercial
scaleare reportedly constructed around the wotldORAverified operating status via direct
communication with the owner/operator of 14 of the 35 systemsf2ie 35systems are reported to
be in various stages of operationsigiang fromdiscontinuougo continuous ORAverified operating
status via direct communication with the owner/operator of 8 of the 26 operating systems.

Of the total, 24 systems are constructed at the commercial S0&&verified operating status viardct
communication with the owner/operator of 5 of 24 commercial scale syst€hesMK Aromatics Limited
system was reported as being fully operational since 2B06&ITA system in Bristol, UK and the
Cynar/Plastic Energy SL system in Almeria, 8asarrently in commissionind?AR@ relocating their
commercial scale system to a hew site and the Sapporo sissterionger operationalhel6

commercial scalByrocrat Systems LLP facilitiee reportedto befully operationalhowever did not
meetthe ORAsite visit criteria, as the company did not disclose contact information for the
owner/operators of their system$he operating statuses of the remaining 3 systems are either unknown
or were not disclosed by the Suplor facility operator (Tab 16 and Table 37

It is unknown whether the commercial scale facilities that are reported to be operating on a continuous
basis, at capacity, are economically-saffitaining at the present time.

Table 16Numberof PTFSystems Constructed and In Qgtém

No. Reported No. Verified via Direct
Communications with System
Owner/Operator
SYSTEMS CONSTRUCTED
No. of Pilot & Demonstration Scale 11 9
Systems Constructed
No. of Commercial Scale Systems 247" 5
Constructed
TOTAL No. 6fTFSystems Constrted 35” 14
SYSTEMS IN OPERATION
No. of Pilot & Demonstration Scale 9 7
Systems in Operation
No. of Commercial Scale Systems in 17 1
Operation
TOTAL No. &fTFSystems in Operation 26 8
No. of PTFSystems with Unknown or 3 1

Undisclosed Operating Statu

Table ¥: Constructed Commercial ScRIEFSystems

% Blest asserts to have sold more than 60 units worldwide. ORA was only able to identify the location and operating
status of one system in Whitehorse, Canada, therefore additional units have not been included in this total.

L One faciliy is currently being relocated to a new site. This facility is not fully constructed at the new site but was
constructed and reportedly operational at its previous location.

235ee previous footnote.
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Location

Technology Supplier

Owner/Operator Operating Status Economic Status

1 Not Disclosed SITA Bristol, UK In Commissionin¢ Not Applicable
2 Cynar Plastic Energy SL*  Almeria, Spain* In Not Applicable
Gommissioning*
3 Agilyx GenAgain Lithia Springs, Georgia, USA Not Disclosed Not Disclosed
Technologies LLC
4 Agilyx Rational Energies*  Plymouth, Minnesota, USA* Unknown* Unknown
5 Agilyx Waste Management* North Portland, Oregon, Unkrown* Unknown

USA*

6 Toshiba Corporation Sapporo Plastics Sapporo, Japan Not Operational Not Applicable

Recycling, Co.
7 Polymer Energy MK Aromatics Tamil Nadu, India Operational Unknown
Limited

8 Pyrocrat Systems LLP Not disclosed Maharashtra Province, Iradi  Operational* Unknown

9 Pyrocrat Systems LLP Not disclosed Rajasthan Province, Inlia  Operational* Unknown
10 Pyrocrat Systems LLP Not disclosed Rajasthan Province, Intia Operational* Unknown
11 Pyrocrat Systems LLP Not disclosed Maharashtra Provingéndia&@  Operational* Unknown
12 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India Operational* Unknown
13 Pyrocrat Systems LLP Not disclosed Karnataka Province, Indlia  Operational* Unknown
14 Pyrocrat Systems LLP Not disclosed Tamil NaddProvince, India  Operational* Unknown
15 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India Operational* Unknown
16 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India Operational* Unknown
17 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India Operational* Unknown
18 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India Operational* Unknown
19 Pyrocrat Systems LLP Not disclosed Guijarat Province, India Operational* Unknown
20 Pyrocrat Systems LLP Not dislosed Maharashtra Province, India Operational* Unknown
21 Pyrocrat Systems LLP Not disclosed Andhra Pradesh Province, Operational* Unknown

Indiagt

22 Pyrocrat Systems LLP Not disclosed Gujarat Province, India Operational* Unknown
23 Pyrocrat SystemdP  Not disclosed Not Disclosed, Europe Operational* Unknown

* Supplier reported data and/or informatiowt verified bysystemowner/operator

Nearly all Contributing and Participatidgpplierdrave plans to commercialipperationsin 20150r

early 2016if they have noalready done sdSeveral reported having secured operating permits,
commitments from investors, and letters of intent (LOIs) for feedstock supply and fuel @ftke.
identified 19 PTFsystemsawith the potential to achieve full commeadization in 2015 or early 2016 and
verified status via direct communication with the owner/operator of 7 of 19 planned syStems.
systems are currently in commissionidgystemsare currently under constructio,have equiment

on ordef® 2 are undert&ing site selectioand2 arein the planning stagéK Clean is currently
undertaking a capacity upgrade at thgilot facility in Salt Lake City, UT to achieve commercial scale
operationsand PRC is relocating its facility twaian, Chinélable 18 ath Table 19 Details on select
systems with the potential to commercialize in 2015 olye2016 are provided in Table.20

Table 18Numberof Commercial ScalTFSystems Planned for 2015/Early 2016

9 Facility status not verified with system owner/ogera
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No. Reported No. Verified via Direct

Communications ith System
Owner/Operator

No. of Commercial Scale Systems in Planning 2 1
No. of Commercial Scale Systems with EquipmentOn 9 0
Order

No. Of Commercial Scale Systems Under Construction 2 1
No. of Commercial Scale Systems in Commissioning 2 1
No. of Cmmercial Scale Systems in Site Selection 2 2
No. of Systems Undertaking Equipment Transfer or 2 2
Capacity Upgrade

TOTAL No. &fTFSystems Planned for 2015/Early 2016 19 7

Table 19 Commercial ScaleTFSystemd$lanned for 2016r Early 2016

No. Techology Supplier Owner/Operator Location
1 Cynar Plastic Energy SL*  Seville, Spain*
2 Cynar Plastic Energy SL*  Undisclosed location, South
America*
3 Agilyx Not disclosed Not disclosed
4 Vadxx Vadxx/iberation Akron, Ohio, USA
Capital
5 RES Polyflow RES Polyflow TBD Ohio or Indiana, USA
6 Nexus Fuels Nexus Fuels TBD Southeastern, USA
7 PARC PARC Huaian, China
8 Pyrocrat Systems LLP  Not disclosed Madhya Pradesh Province,
India*
9 Pyrocrat Systems LLP Not disclosed Maharashtra Province, India*
10 Pyrocrat Systems LLP  Not disclosed Guijarat Province, India*
11 Pyrocrat Systems LLP  Not disclosed Maharashtra Province, India*
12 Pyrocrat Systems LLP  Not disclosed Maharashtra Province, India*
13 Pyrocrat Systems LLP  Not disclosed Maharashtra Province, India*
14 Pyrocrat Systems LLP  Not disclosed Madhya Pradesh Province,
India*
15 Pyrocrat Systems LLP  Not disclosed Tamil Nadu Province, India*
16 Pyrocrat Systems LLP Not disclosd Maharashtra Provingdndia*
17 PK Clean PK Clean Salt Lake City, Utah

* Supplier reported data and/or informationot verified bysystemowner/operator

Status
UnderConstruction*
In Planning

In Planning
UnderConstruction

Site Selectionnderway
Site Selectionnderway

Equipment transfer
underway
Equipment on order*

Equipment on order*
Equipmenton order*

Equipment on order*
Equipment on order*
Equipment on order*
Equipment on order*

Equipment on order*
Equipment on order*
Capacity upgrade
underway

Vadxxecently announced a partnership with Liberation CagtblSbasedprivate equity fund
specializing in project finance for small renewable energy, water and wastewater ptojects

own/operatemultiple PTFsystem® w2 O 6 St f
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for completion on their first commercistale 60 TPBystemin Akron, OH in December 2014 with
equipment installation planned fdanuary 203.and operations for March/April 201Bhesystemwill

process presorted, preprocessed rigid and film polymer feedstocks (plastics #2,4,5,6, 7 and selec
rubbers) from industry and municipal singteeam MRFs to producengiddle distillate orspec 2 diesel

fuel blendstockhat meetsASTM D975. Vadxx is projectingfined fuelproduction rate of 250

gallons/ton of feedstock entering the reactor andicated that theirfuel product will be sold to a

blender for direct terminal blending with diesel. Bystemhas been approved as a de minimis air

pollution source (OAC 374%-05) in the state of Ohidesignating that it emits less than 10 lbs/day of
anyair contaminant and less than 1 TPY of any hazardous air pollutant and has an operating permit in
place. Feedstock supply is secured for the Akron, OH site and Vadxx is currently negotiating an offtake
agreement for the sale dfiel products producedVacx holds permits for three moRTFsystemsand is
seeking additional feedstock within the hauling range of Chicago IL, Louisville KY, Toronto ON, and Easton
PA for the development of future sites.

In 2013, Cynar Plc signed a contract Witsject Devebper, Plastic Energy Jbor the development of 8

PTFsystemdn Spain and Portugal and-28 PTFsystemsn South America, Florida and the Caribbean.
Construction orthe first commerciabcalesystemin Almeria, Spain is complete and #ystemis

currenf @ Ay O2YYAaaA2yAy3Iod LsysseniiiPprodess bledd®podk2 YLIF ye& Qa 9
consumerand postindustrialrigid and filnplastic#2,4,5,6from a celocated single stream MRIRd

other MRFg0 produce a middle distillate espec #2 diesel fublendstock meeting ASTM D975 and

Image4 - Cynar/Plastic Energy Sl System in Almeria, Spain

EN59Q(CynDiesél), light oil(G/nLite™) andkeroseng(CynKer8". All feedstocks securedor the
facility. Cynar is projectingrafined fuelproduction rate of 275 gallons/ton and indicated that an offtake

O|ENERE
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is in the pace with an oil distributor for the purchasetioé fuelsproduced. A second commercsgistem
is currently concluding construction in Seville, Spain with equipment installation scheduled to begin in
December 2014nd a thirdplant sbeing planned at anndisclosed location in South America
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Table20: Detail on Select KnowRirFSystemsvith Potential ta~ully CommercializBperations in 20¥&arly 201§Design Capacity >=1 TPD)

Location Akron, OH, USA Almeria, Spain Seville, Spain Bristol, England, UK  TBDOH or IN TBD South Eastern US
Owner/ Operator Liberation Capital, Plastic Energy Plastic Energy SITA RES Polyflow Nexus Fuels and
Vadxx Undisclosed strategic
investor
Technology Vadxx Cynar Plc Cynar Plc Not disclosed RES PolyFlow Nexus Bels
Supplier
Scale Commercial Commercidl Commercidl Commercial Commercial Commercial
Design Capacity 60 TPD 20 MTPB 20 MTPB 20 MTPD 60 TPD 50 TPD
Planned Blend of post Blend of post Blend of post Blend of post Post industrial scrap, Blend of post industria
Feedstocks consumer and post consumer ad post consumer and post consumer and post post consumer #3 and post consumer
industrial rigid and film industrial rigid and film industrial rigid and film industrial rigid and film bales, agricultural film, plastics
plastics plasticg plasticg plastics marina ad vehicle
shrink wrap,

contaminated/ off
spec compounds

Feedstock Source Single stream MRF Supply from cdocated Single stream MRF Supply from cdocated TBD TBD
single stream MRF an MRF owned/operated
other regional MREs by SITA
Oil Product On Spec Middle CynDiesél’, CynLit?" CynbDiesél!, CynLit€" Not disclosed Naphtha blendstock, Blend of light sweet
Distillate #2 Diesel and CynKerd" and CynKerd" Distillate blendstock, crude, Eel Oil #2
Heavy Oil fractionated diesel

blendstock, gasoline
blendstock, kerosene
blendstock, wax

End Use Direct Terminal Bulk Sales to oil Bulk Sales to oil Not disclosed Blendstock sales to Light sweet crude sale
Blending distributor, End use distributor, End use fuel blenders, Heavy to broker, fuel Oil #2
unknowrf unknowrf oil sales to sales to strategic
consolidator or direct investor, fractionated
to end user fuel sales into local

markets for blending
into transportation

fuels
Status In Construction. In Commissionirtg In Construction. In Commissioning Site Selection Site Selection
Equipnent delivery Equipmentdelivery Underway, (existing  Underway

scheduled for Jan 201 schedule for Dec demonstration scale
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2014*

system will be re
located)

Feedstock
Agreemens in
Place? (% of

100% secured

100% secured*

100% secured*

100% provided by owr LOls in place (100%)
internal supply

No

Feedstock

Covered)

Off Take Negotiations 100% under contract* 100% under comact*  100% under contract LOls in place (<100%) For #2 heating oil only
Agreements in Underway

Place?
(% of End Product
Covered)

Financing in Place Yes Yes Yes Yes Equity raise underway No
Permits in Place? Yes Yes Yes Yes No No
Anticipated March/April 2015 Q12015 Q2 2015 Q2 2015 Early 2016 Q4 2015
Operations Start

Date

* Supplier reported data and/or informatiot verified bysystemowner/operator
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1.6 KEYCHALLENGESPPORTUNITIENDOBSERVATIONS

1.6.1 CHALLENGES AND OPPORTUNITIES

Alongthe path toPTFcommercializationstakeholderdiave highligted key challenge® the
development and future successRIfFsystems

FeedstoclQuality One salient challenge for companiesdsuring acces® consistentlyhighquality
feedstock Feedstockarialility can have economic implicatiogszen that cetain resins produce higher
liquid petroleum producyields than othersand high contamination rates can lead to greater char
management costs, reducdiduid petroleum producyields, and the production of chlorindhe
composition of plastic bales difs considerably from MRF to MRIRd PTFsystemanay require that
materialsuppliers undertake additional and potentially costlygoding measures in order to adhere to
feedstock requirementsSomePTFsystemamay also requiréhat material suppliershged, dry or chip
feedstock prior to delivery. Additional costsurredby the feedstock suppliere then passed on to the
PTFsystemoperator,leading to an increase material acquisition costs.

Chlorine contamination Enother challengeAlthough R'C makes up a small percentage of the plastic

waste stream and companies are intentits removalthere are other sources of chlorine contamination

in plasticssuch asppliedflameretardants,in less easily detected sourc&sippliers reported

conductng visual inspections, periodic burn tests and using instrumentation to assess incoming feedstock
gualityas well as testinghloride levelsat the back end.

Feedstock Volume Unlike other MSW managemefacilitiesthat are able to enter into lontgrm
feedstock supply agreements, tR&Fnarket is challenged lilie need for a relatively desirable
feedstock whose marketrice fluctuates witlihe value of crudeil. Feedstoclsuppliersare reluctant to
commit to longterm binding agreements, as they ofteedge on market fluctuations and future price
expectations to yield higher profit margifsirthermore, a recycling rates for PS, PP, B@Rd other
resinscontinue to risePTFoperatorsmay see reduced access to feedstock laank to pay higher
acquisiion costs While PTRargets some resins that anet readily recycledTHnayend upcompeing
with traditional recycling markets for plastic feedstmaking environmental, economic and technical
guestions about whether the systems are sustaindblecations where recycling markets and collection
and sorting infrastructure are not well developed, opportunities exist to establish dedicated drop off
centers for target feedstockshereby citizeawould deliver plastics to a centralized location in ergle
for a small fee. This modelsiaid to besuccessfuly supplyngfeedstock for the MK Aromatics Limited
systemin India.

Wastewater Generatioand Energy RequiremergsSome companiegeneratewastewateras a

byproduct of the proces®specially forechnologies that are desalting acohditioningoils. This is an
additional baclend processing requirement for projects and may also require additional permitting.
Electricity requirements vary across Suppliers. In regions where electricity is prodhodidsei

generators and costs are high, supplemental renewable energy sources may need to be developed in
parallel or a portion of the liquid petroleum product may need to be used to meet onsite electricity
demand.

Offtake Agreementand Access to End éfsg Given thatPTHs still an emerging industry has yet to
establish a robust market for synthetimideoil anddistillatefuel oils. With variations in feedstocfuality
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come variations itiquid petroleum product quality, which can lead to unpotability and unnecessary

risk for buyersFurthermore smallquantitiesof liquid petroleum producproduced compared wittarger
scalerefineries may maki difficult to placanto the marketIn order for offtake agreements to be

secured, it is necessato identify end users that assign value to local wdsteved fuel supply.

Additionally, developers in remote locations may be limited by their access to distribution networks and
refineries which mayconfinethem to certain Suppliers

Access to finacingg Currently, there are a limited number of financing players due to high levels of
perceived inveshentrisk, alimited understandingf the technolog@ @apabilities and performance and
a lack of longerm offtake and feedstock supply agreeme#itsa result, traditional debt structures are
difficult to access or are not appropriate to finance the developmeRT&ystems

In spite ofthesechallengesSuppliersand Project Developersare responding witlstrategies to increase
system efficiencymprovesystemsiting and system economics.

Improved Processing Efficierchn order to maximize technological efficiency, m8oppliersare
configuring thé technology solution to a continuous feed system and phasing out batch feed system
designsSuppliers are also undertaking system modificationisnjorove system economics by reducing
energy and water inputsncreasingnsite electricity generatigmand reducing system downtime.
Although somesystemoperators have experienced technical and operatichallenges delaying
immediate scale up and commercialization, operators and Suppliers are rising to the challenge with
innovative engineering to overcome process bottlenecks and improve performance.

SystenBizing; Given the availability cluitable phstic feedstock in definedarea and the associated
costs with sourcing plastic feedstock fa?BFsystem manySuppliersare tending towards smaller, more
compact modular system desigii®-60 TPD)Suppliers are tending towards thedesign capacitie®
meet current demangdoptimize economic performaneadfacilitate sitingRES Pdipw isalso
proposing a spoke and wheel system where they would operate decentralizedpessindacilities

and a centralize®TFsystem.

Permittingg Some Suppliersare shifting towards business models that incogpe pre-processing off

site. This not onlgeducessystemfootprint, capital and operating costsutmayalso facilitate permitting

as a manufacturinfacilityrather than a waste processifarility. Otha Suppliers have made a strategic
decision to prsue a solid waste permit and undertake jpr®cessing onsite, theby increasing access to
feedstock and decreasing material acquisition caStse Supplier with plans to seek a solid waste permit
for a future commerciasystemreported the need to revise regulations to increase materabgelimits
on-siteto allow forpreemptivefeedstock acquisition prior ®ystemstartup. Stakeholders interviewed
cited no public opposition to the development of th&fstems and reported an unchallenged permitting
process.

Colocation ofPTFSystemsvith Materials RecoveBacilities; In order to ensure a consistent supply of
high quality feedstock and teduce costs associated widedstockiransporation, manySuppliersare
co-locating PTFsystemsawith MRFs
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1.6.2 OBSERVATIONS AND CONCLUSIONS

As the industry marches forward on the path to commercialization, the future outlGkAsf
promising.In particular, several operational successes werediote

1 SystenOperations at ScaleORAdid not observeommercial scale operatiodsiring the Study
Period however iverified operations at thé.52, 5 and 10rPDscaleacrosghree different pilot
scalesystemsPK Clean andigilyxare currently operatingheir systanson a continuous basist
capacitywhile Nexus Fuels is operating on a discontinbaigss.

1 Feedstocks ProcessedRAobsaved theprocessing ashreddedrigid HDPEndashredded
blend of rigidbostconsumerplasticsfrom asingle stream MRF ampadg-industrialplastics ORA
did not observe the processing of film plastics although films were \asiite at theAgilyxsite.
SeveraParticipatingSupplies reported on their ability and interest in prossingfilmsin
combination with rigid plasticd ORAvasnot able toindependently verify whethesvaluated
facilities are processing etd-life plastics.

1 Liquid PetroleumrBduction- ORAobserved a liquigetroleumproductbeing produced at the
systemyisited?® PK Clean anfigilyxreported successfly marleting their synthetic crudsil to
refineries in the US while Nexus Fueldilzingand storingheir endproduct onsite Several
additional Suppliers reported on successfully markéitpgd petroleum products when their
systemsawere operatimal.

In addition tooperational achievements of tH€THndustryto date, the following policy and contextual
factorswill contribute to the future advancement BTE

1 2A0K GKS AYyUNBRdAzOGAZ2Y 2F (GKS GDNBSYy s@wSy 0S¢
China have decreased due to tighter contamination standards. With a limited but growing
domestic market for these materials, and few plastic separatistemahat can process mixed
bales? PTFsystemsmay be able to absorb materials that were prasly targeted foexport,
presuming they meet feedstock requirements and cannot be absorbed by recycling markets.

1 In Europe and the US whegavironmentapermitting standards are stringent, sjistemswvere
reportedlypermitted in the lowest category ofr@missions. While a detailed assessment of the
potential greenhouse gas benefitsRFFwvas not undertaken as part of this study, Vadxx noted
that a 60 TPBystemwas expected to produce an estimatkgitons of CO2elyear.

Lookingahead to how thé>THRndustry will continue to take shape, there are several considerations and
trends to note:

1 Opportunities for system deployment are greatest around population centers where volumes are
high and transportation distances low. For Suppliers that produce synthedie oil, proximity to
a refinery end user is also preferable. All Suppliers indicated a willingness to purchase feedstock,
signaling that system economics are competitive.

1 ThePTHndustry is currentlglominated by the private sector. While munidifp@s may play a
role in feedstock supply, they are more risk adverse and unlikely to pursue the development of

% ORAdid not independently test the composition of feedstock processed bgystems

% ORAdid not independently test the quality of petroleum products produced.

% Moore Recycling Associates, Inc. 2Ba%ionaldPostconsumer NofBottle Rigid PlastiRecycling Report. March
2014
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publically owned and operatdell Fsystemauntil a site has been operating for 10,000
consecutive hours.

Given that securing feedstock supphg afftake are some of the greatest challenges in deploying
a PTRsystem facilitydeployment could be expedited through the facilitation of a hospitable
regulatory environment that promotes the landfill diversion of plastics and the production of
alternatve energy source§oncerns exist around whetheFmay compete for plastic
feedstock with traditional recycling systems, particularly given high liquid petroleum product
yields from HDPE. Feedstock acquisition practices vary by Supplier and fatibty hmwever
Supplier willingness to pay for feedstock may be predictive of a competitive landscape.
With current fluctuations in oil prices, system economics may be negatively impacted with
sustained low pricefer crude oil and refined fuelét the time of publication, crude oil prices
reached $55.26/Barrélandthe retail price of ultrdow sulfur diesel fuel was $3.281/gaflon
Consequently, it is expected tHRATFSuppliers wilinvest in additional R&D to improve the
efficiency of existingystemsand become more selective around feedstock quadignsure
greater resiliency to future drops retroleum producprices.

Despite the small number obmmercial scalsystemsnline at this time, investors are
committing to multiplant investments anBroject Developers are committing to mujpiant
orderssignaling that the technology has successfully met or exceeded preliminary financial and
technical expectationsThePTHandscape isompetitive as Suppliers compete for first mover
advantage witHurther advancements towards full commercializatéexpectedin 2015 and

2016.

With 80% of marine plasticgiginating from lanédased sources, programs, policies and
processingystemghat stimulate demand for endf-life plastics are essential to curbing flow
of plastic to the ocean®TFsystemdhave the potential t@reate incentivestructures that
increase the amount of plastics collected and converted for beneficial sgsteifnsare
developed in conjunction with collection systems that targletivise indiscriminatelgliscardor
landfill disposelastic waste.

o7 http://www.oil-price.netDate: December 23, 2014 Price for WTI Crude Oil

%8 http://www.eia.gov/dnav/pet/pet_pri gd dcus nus w.htrDate: December 23, 2014 Price for ULSD
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PARTI: PROJECDEVELOPMENBUIDELINES ANBECOMMENDATIONS

The successful development dPaFsystemis influenced by many factogdechnical, financial, poliey
environment, arong othersPTFSuppliers indicated that permitting, siting, securing feedstocks and
offtake, etc. (Priect Planning Steps) can span @8months with lead times on equipmeddliveryand
constructionalsoranging from 6 to 18 months for atal developnent timeline of 12 t86 months. Once
an entity decides to pursue the development ¢fFsystem the process of developinggstem
requires several key steps:

1. Determining Project Development Structure
Assessing Technical Viability

Assessing FinanciahWility

Partnership Development

Mobilizing Project Finance

Siting and Permitting

Risk Mitigation Strategies

No ok wd

The sections below describe each step in detail.

2.1 DETERMININBROJEMEVELOPMEISTRUCTURE

Prior to the development of RTFsystem intereged parties must coordinate with Suppliers to determine

the most appropriate project development structure. Project development structure may be determined

08 (KS {dzLJLJ ASNN&a OdzZNNByil odzaAySaa Y2RSt fraif FSNAy 3
O2YLI yASa O2yidl OGSR T2NJ GKA& NBLERNI NS RSAZONAOSR
process and types of strategic partnerships for the developmeritgfystems

Design Build Own Operatét present, the most prevalent of exigjiproject development structures are

DBOO. Among the companies tldRAcontacted, Nexus Fuels, Vadxx, Agilyx, Gétdeewablesrad

RES Polgw are currently operating under this project development structure. Many Suppliers are

electing to develop thefirst plants under this model to achieve proof of concept. This model is a vertical
integration of all aspects of project development through which the Suppliers take on exclusive risk for

the development and operations of a plant.

Joint Venture; Under goint venture, Suppliers select Strategic Project Partners to help fund 50% (or
other meaningful percentage) of capital expenditupgevide guaranteed feedstock agreements,
guaranteed offtake agreements andiand. Suppliers provide technology, opergtexpertise as well as
service and maintenance. The partnership usually entails a profit sharing agreement for net revenues
from the sale othe liquid petroleum producSuppliers offering this project development structure have
mutable terms that may beegotiated as neede€ompanies contacted that are operating under this
project devebpment structure include Agilyx afdK Clean

Equipment Saleend Service Equipment sales and service agreements entail a purchase of the complete
turnkey equipment byn interested party. Suppliers only provide the technology package and necessary
training to configure a system ready for use. In these project development structures, technology vendors
will sellPTRunits for a fixed price. This includes capital infragtire, configuration and set up,
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preliminary testing and trainingongterm service ananaintenance agreementan also beffered
through the equipment sales model as a percentage of reve@asspanies currently offering this
project development struate include PK Clean, Agilyx, JBfrocrat Systems LLEYlden Renewables
andBlest

Licensing, Some Suppliers offer a licensing arrangement, through which they provide the intellectual
property for the development of RTFsystemfor a fee (fixed or yarly). Atrailing royaltyestimated as a
percentage ofevenuedrom the sale of liquid petroleum products may also be requi@dar, Vadxx,
RESolyflow, Golden Renewablesd Agilyx offer licensing agreements with qualified third parties.

Public Privi@ Partnership In apublic private partnership (PPP), each party contributes financial, human
and technical resources and has shared responsibility for the deciaking process. There are 5

primary types of PPPs: service contracts, management cantlease contracts, builtheratetransfer
contracts, and concessions. Under each contract structurgyrtject owneris able to enter into

contract with an independent operator for the deyday management of the projedIK Aromatics
Limitedis the oty Supplier that reported developisgstemaunder a PPP project structure.

2.2 ASSESSINGECHNICALABILITY

¢t SOKYAOFt @OAlFloAfAdlGE A& RSTFAYSR o0& (GKS FTAdG o0Si
outcomes for thesystem InterestedProject Developers must define goals for thguid petroleum
productproduced from @ TFsystemand identify which Suppliers can provide compatible offerings.

Assessing technical viability and understanding input and onitarkets is a critical step for Proje
Developers to undertake in order to determine the most suitable output offering.

(SN

Assess the sources, composition gaodntitiesof availableplastic feedstockProjectDevelopers must

assess the sources and quantities of plastic feedstock availaiskicdfargeted foPTFsystems can

originate from municipal, agricultural, commercial or industrial sources, and be sourced directly from the
generator or from MRF As transportation costs for input materials can significantly affect the financial
viablity of thesystem it is important to determine whether the source of plastic feedstock is close to or
co-located to the projected site of tHeTFsystem

In addition to identifying potential sources of plastic feedstBakect Developers must also kable to
demonstrate that the quality of plastic feedstock is compatible with the processing system and is an
appropriate composition to produce thiguid petroleumyields required to meet financial returns. Key
feedstock characteristics evaluated are:

1 Phstic resin compositionMost PTRechnologies have high&quid petroleum producyields
with clean#2, 4, 5 and @lthough a small number of vendors accep@#dith low levels off1
and#3and/or with the addition of prgprocessing equipment.

1 Contamiation Level Contamination can include ndarget plastics such as PVC and PET and
other wastes such as paper, metal, wood, etc. Contamination levels impact overall system
throughput and therefordiquid petroleum producyields and char production rates

91 Particle siz€re-sorting- ManyPTRechnology vendors prefer that plastics be delivered to the
systempre-sorted and shred. Doing so reduces onsite capital and operating costs but may result
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in higher material acquisition costs. In the tfssite pre-processing allows for permitting as a
manufacturingsystemrather than a waste processingstem Suppiersthat have made a
strategic decision to prprocess materials onsite have done so with the expectation that it will
increase access to legost, taget feedstocks.

1 Moisture Level According tdPTFSuppliers, moisture levels are not problematic farcpssing
howeverdo reduce the conversion efficiency during the pyrolytic process. When moisture levels
increase, higher quantities of feedstock arguired to produce the desired amountliofuid
petroleum producbutput.

Lastly Project Developers must determine whether available sources of target plastics can produce
guantities consistent witeystemdesign capacity. ParticipatiSgipplieroffer PTFsystemsn design
capacities 010, 20, 24, 30, 50 and @PDand3, 6, 12, 15, 20, 25 and 60TPD Whilesystemscan be
installed in parallel to increase throughput capacity, additional R&D would be required to scale down
capacitytherefore system eanomics are optimized when feedstock quantities are matched to these
throughputs or multipliers thereof. As the mastvanced technologies operate on a continuous basis, it
is also important to have a secured supply of consistent;duglity plastic feestock. Some Suppliers
recommend stockpiling feedstock in advance of systentgeid ensure a steady supply of material.

Complete plastics feedstock analysis for quality contBalppliers typically require that interested parties
provide feedstock sapfes or composition analyses. MayFSupplierdest feedstock samples to
produce an oil assay, which is then used as a basis for estifiqatidgpetroleum producyieldsand
quality.

Assess Availability of Markets for Petroleum Prod@®iten thatPTFsystemsare economically driven by

the sale ofiquid petroleum productsit is essential to iderfyi potential end markets. Given the desired
output ¢ such aguel blendstocksr synthetic crude ot it is important to identify potential offtake
buyersfor the output producednd select a Supplier that hdemonstrated experience producing the
desired quality obndproduct. Some Suppliers have the ability to customize back end configurations to
fractionate someor allof the liquid petroleumoutput to meet the demand of local markets, although this
varies bySupplier Therefore, it is important to identify Suppliers that can produce the desired end
product that matches the demand of local markets.

2.3 ASSESSINGENANCIAVIABILITY

The financiaévaluaton of a potentiaPTFsysteminwolves developing a business plan and comparing
projected expenses and revenues

Estimate Revenues Oncethe quantity of liquid petroleum producté&nd additional end products (i.e.
char, syngas, wax, ndarget plastic rgacts, etc.) are estimatedhe revenues from thsale of these
productscan becalculated. Potential markets fiiquid petroleumproducts includeheating oil
companies, refineriegndustrialusers oil brokers, and blenderBotential markets for secdary end
products includeroad construction companiesdustrial end users, cement kilagd recyclers. In the
absence of available markets for secondary end products, developers are typically responsible for
transportation and proper dispos&devenuesire calculated as the estimated quantfyproduct
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producedmultiplied by the contract price paid by the custonguppliers contacted for this report
indicated that they are sellingeir liquid petroleunproducisat prevailing market prices. With this
mind, assumptions about projected revenuesgetroleumproducts will tend to be consistent with
global market pricesAdditionally, @pending on local conditions, incentives such as state or federally
subsidized renewable energy credits can alsoinegoject revenues.

Quantify Capital andg@rations andMaintenance (O&MEExpenses EachPTFsystemhas its owrunique
capital and O&M costSuppliersalso have individual business models that impact overall costs. Capital
cost considerationsaninclude: equipment installation building/land purchase and soft costs. Operating
costs considerations can includiebt servicéequity returns labor, water and wastewater, supplemental
fuel and electricity, lease expense, feedstock acquisition, residue nmagiaigkquid petroleum product
delivery/transportation, trailing royalties angaintenanceCertain technologies require the use of a
catalyst or additive, such as hydrogen, which comes at an additional cost.

Compare Cash FlowsExpenses and revenues rhbs calculated and compared on an annualized basis
over the expected life of theroject, which is typically 10 to 20 yeaasid should take into consideration:
project performance over time, fluctuations in expensesmoduct salgrices, financing cts
depreciation, and taxes.

Assess Econonfi@asibility Economideasibility can be measured by the annual net cash flows, the net
present value, and/or the inves@ra A Yaie $fNéfuknf If these indicators are below th@ject
developmentriteria, it may be necessary to-esaluateproject feasibility under a different set of
utilization alternativeslf liquid petroleumproducts can have multiple utilization optipagdirect
comparison of cash flows is possible to determine the best alteenati

24 STRATEGRARTNERSHIEVELOPMENT

Suppliergypically seek partnerships with entities that can mobilize financing, have access to quality

plastic feedstock, have access to land available to sitstamandor can enter into offtake agreements

for the purchase diquid petroleum productdé { G NF 1§ SAA O t N22SO0 t I NIYSNRO P -
chosen business model, Suppliers may also seek partners to jointly develop projects, purchase

equipment, or license their technology (Project Develop&gpliers that follow a DBOO model are also
considered Project Developers. Under an equipment purchase or license agreement, the Project

Developer is responsible for identifying and developing relationships with Strategic Project Partners.

Suppliers thathoose to own/operat®TFsystemsnay or may not have existing relationships with

financing and offtake partners but are almost always seeking Strategic Project Partners that can provide

land, feedstock supply agreements and local project developmenbgupp

Suppliers are selective about the Strategic Project Partners and Project Developers they engage with and
typically conduct extensive due diligence. This can include requiring that prospective partners provide
some or all of the following:

9 A site withall necessary utility connections
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Site design and layout

Local contractors

Feedstock supply agreements

Offtake agreements

Site permitting

Regional regulatory compliance

Management of community and stakeholder relations
Preprocessing equipment

A A28 _-5_-2-2

Investmen capital

|

Grants, tax or labor incentives

The role of the Strategic Project Partner is defined by the technology supplier in a DBOO model or the
Project Developer in an equipment sales or licensing agreement model and may be dictated by pre
existing relabnships (i.e. long term financing partners or regional off take agreements). For example,
Vadxx seekBroject Developers that can fulfill the followiegponsibilities in exchange for asbline

share of free cash flowhe selection of a technology integor, provision of site with necessary utility
connections, the identification of and documented commitment of waste polymers, site permitting,
providing a local project engineering firm and general contractor, managing community and stakeholder
relations and ensuring regional regulatory compliance. Cash flow sharing amounts can be increased if the
Project Developeglects to contribute project capital, undertake operations or execute feedstock supply
FaANBSYSydad | yRSNI / &yl Nlogers rd régbisedith gemMonstratdafBary t N2 2SO
minimum feedstock supply agreement, provide a site with a waste processing permit, provide all pre
processing equipment, and agree to mplant orders (5+) in strategic regions. Nexus Fuels requires that

a Stategic Project Partner provide a feedstock guarantee, with tax incentives, grants and labor provisions
considered beneficial.

Theselection of &trategic Project Partner can also be driven by a projects anticipated return on
investment. Given that econdmperformance is driven Iiguid petroleum producyields, and that
some Suppliers have commitmemasnvestors, special attention is paid to feedstock quantity, quality,
composition, and feedstock proximity to tR&Fsystem

Suppliers have differeatpproaches to seleicig Strategic Project Partners for projelevelopment. For
example, RES Padtyi issuedh selfdeclared Request for Proposals in 2013 to vetgmadify and
advance licensing opportunities with thipdrty partners while Agilyx solicapplications of interest from
potential partners.

Feedstock Agreementas feedstock quality and quantity is a principal determinant of the success of any
PTFsystem Project Developers seek to establish feedstock supply agreements. Prior to executing
feedstock supply agreements, Project Developers solicit letters of intent (LOI) from feedstock suppliers.
LOls indicate a commitment to direct feedstock to a propsgstem Once thesystemhas begun
commissioning, LOIs can be moved to binding contiagésto the fluctuating nature of recycling

markets, stakeholders interviewd cited supplier willingness to enter into agreements spanntdgy@ars.
OnePTRvendor requires feedstock supply agreements that maystempayback at around-6 years
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Generallyspeaking, the terms of these agreements are legally and financially binding, and may include,
but are not limited to:

1 Material Qualityc This may include requirements that the composition of feedstock not exceed
contamination or moisture thresholds and frepared (in all cases: ps®rted from non
polymer feedstocks and in some cases: shredded, chippddjried. Contamination limits may
also apply to nottarget polymers such as PVC and PET.

1 Material Quantityg This may include minimum weight or volume riegrments over a specified
duration (day, week, month, year).

9 Logistics and Transportation for Delivehere is much variability across kndiisites for
terms for transportation and logistics for feedstock supply.

1 Tipping Fee dvlaterialsPurchase Fex ProjectDevelopers may be able to charge a tipping fee
for select feedstocks. Alternatively, soRieject Developers may be willing to consider revenue
sharing in exchange for feedstock supplied. In other cBsgect Developers are willing to
purchase feedstock from suppliers at current market prizes$0.020.04/Ib. SomePTFsystems
accepted waste with no financial conditianseither payment nor chargeas the arrangement
was deemed mutually beneficial for both parties. However, this may reotdmgterm strategy
for securing feedstock as demand for materials increase.

1 Penalty Provisions for N@ompliance Penalty provisions were not readily disclosed however
Suppliers noted the ability to reject deliveries that upon visual inspectionptideet feedstock
requirements.

1 Term of validity, Feedstock agreements will indicate period of validity for supply.

9 Other Conditiong Exclusivity and Confidentialgy? TFdevelopers may consider requesting
exclusive supply of feedstock and confideityialgreements.

Offtake AgreementOnce markets faiquid petroleumproducts have been identified, it is critical to
establish offtake agreements. LOIs may precede the execution of a cbetraeena Project Developer
and a buyer(s). Offtake agreememan take a significant amount of time to execute. Relatively small
guantities ofliquid petroleum productompared with refineries, and variationseimd productguality by
systemand over time as feedstocks change, can make the product challengiageao@hgoing testing is
required to verify quality and provide reassurance to prospective buyers. Whitedonggreements

may not be possible, some of the survelpddSuppliers and their Project Developers are currently
engaged in muklyear offtake greements with refineries, oil distributors and heating oil suppliers, while
others are selling smaller quantitiespaftroleum producas it is produced or providing it to prospective
buyers for trial and testing.

Offtake agreements typically include:

1 Canmercial Terms
0 Production Offtake agreements will specgyoductpurchase volume
o Pricing and PaymegtTerms will also include unit or volume pricing as well as payment
schedules.
0 TransportationLogistics for transportation, storage and delivery wildlbfined
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1 Technical Term3he agreement will establigli or refinedfuel specifications. These vary but can
include:flash point, pour point, chloride level, styrene level, TAN (total acid number), and sulfur
Limits are set at the discretion of the leny

1 Penalty Provision®rovisions for nowompliance typically reflect a rejection of figuid
petroleumproduct.

2.5 MOBILIZINBROJEGHNANCE

Financing # TFsystemis one of the most important and challenging tasks fackrgjact Developer. 1t
particularly difficulfor emerging®TRechnologiegiventhat they do not fit a traditional project finance
model. Project financ& A Nd¢sire&(projects with:

1. Proven technology with multiple commercially operational referémcéties
2. Longterm suppy agreements,

3. Longterm offtake agreements, and

4. High investment costs ($1@&DO0Million)

PTRechnology is inherently high risk due to the limited number applications. Full project costs are
generally $20 million or less, making fixed transaction cdstghar percentage dhe total and more
difficult to absorb. Additionally, the duration of feedstock supply and offtake agreements that Project
Developers are able to secure are short compared with other-tmae waste processiggstems This

is due tathe fluctuating market prices for petroleum products compared with MSW streams and the
variability inend product by technology and feedstock composition.

The predominant method for financindPa Fsystemis by direct equity investment. Under this moadsl,
equity investor will provide a portion or all of the capital required to develop a plant in exchange for a
share in the companwfter the project meets the desired internal rate of return (IRR), the percent of
free cash flow to the Project Developeacrieases. Stakeholders interviewed cited unlevered IRR
requirementsn theY A R te 30%range(excludinggovernment subsidig¢sOnce thesystemis
commercially operational for® months, the project can be debt financed as an operating asset. Of the
systemsnearing commercialization in early 2015, the Vadxx/Liberation Csystamin Akron, OH was
financed with 100% equity while the Cynar/Plastic Ersrsfygmsn Almeria and Seville, Spain have been
developed with a blend of debt financing from thint European Resources for Micro to Medium
Enterprisesf the European Investment Bank and the sale of equity shares in Plastic Energy. Debt
financing for the Almeria Plant was replaced by a grant from the European Regional Development Fund in
February P14 followed by a second grant for the Seville plant in June RIKLAromatickimited
reportedthat their system was financed with a blend of 50% gap funding from their PPP government
partner, 30% low interest 3% APR, 15 year loan from a corporate ipanth@0% internal funds.

Alternative debt financing structures exist but can be complicated and take longer to execute. Debt
providers can require a sovereign guarantee or investment grade backer and can have stringent
repayment requirements in the eveof a default. Banks typically have similar requirements for long
term supply and offtake agreements and therefore may have a limited role in the finaneing of
systemseven after the technology is commerciastablished.
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Equity investors assess qtiak such as: proximity and quantity of target feedstock, financial standing of
prospective feedstock and offtake partners, quality of the project development team, experience of the
Engineering Procurement and Construction (EPC) company, locatioegsilitizal, logistical, etc.) and
proven performance of the technology when deciding whether to inves®irfaroject. Investors may

or may not cover costassociated with undertaking Project Planning Steps.

26 STINGANDPERMITTING

Many Suppliers Wirequire that Strategic Project Partners or Project Developers identify sites available to
develop asystem It is recommended th&TFsystemsare sited adjacent or near the source of plastic
feedstock to minimize the costs of transport. Alternativielifsystemscan also be sited near end users.
Many of thePTFcompanies surveyed recommended some or all the following siting requirements:

1 Proximity to feedstock source or offtake purchaser;
9 Covered building and storage tanks; and
1 Access to water, eleatity and wastewater utilities and other required inpuits ¢ hydrogen).

Project Developers may consider hiring an EPC firm to facilitate the site development and construction of
the PTFsystem

In addition to siting considerationsjd equallyimportantto identify and understand the regulatory
obligations that goverthe development o PTFsystem Regulations magpply to waste and water
managementsystemoperations systemsiting, airemissions andn-site energy generatiofrom
generatorgn additon to more traditional laws regarding labor, health eggulatory compliance
Regulations and standards can be issued by municipal, state or national agencies atidthenaditen
into consideration when developingRT Foroject.

In the United States, paits are issued by the Stafeermit conditions often affect project design and
typically, neither construction nor operation can begitiliall permits are in place. The typeoperating
permit required is determined by whether ppeocessing occurs eite. In the US, when feedstock is
sorted and shred offsite, th&ystemcan be permitted as a manufacturisgstem Additionally, when a
PTFsystemis celocated with aMREF it can be covered under an existing solid waste management or
recycling permit. Sne Suppliers have made strategic decisions requiring that material be delivered to
their site preprocessed or have opted to-tacate with a MRF to ease the permitting process and
improvesystemeconomics. OtheBuppliers are willing to undertake ppgocessing onsite in order to
increase access to target feedstocks, despite any added challenges associated with siting a solid waste
processing or recyclirgystem Of all of the knowsystemghat have been permitted to date in the US
and Europe, all have be classified as smair pollutantemitter. Certain Suppliers may require
wastewater permits; however, ORA is not aware ofsgatemdghat currently demand one.

Engaging the public is also an important consideration. While this may not be a requuredadite

projects promoting the environmental, economic, job creation and energy benefits to the general public
can help to avoid public oppositionriot in my backyard\IMBY issues that can create significant delays
inthe projectQa A YL SY@ineili A2y GAY
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2.7 RSKMITIGATIOSTRATEGIES

The atvelopment ofa PTFsystemis a complex undertaking thean becostly and require the

involvement of multiple stakeholders. Drawing on the experience of other projects, Project Developers
should anticipate thahey may encounter a variety of risks, such as project delays, cost overruns,
financing obstacles, etc. In order to best safeguard the developmemTd&sgstem it is recommended

that project stakeholders create a risk mitigation strategy at all stay&anning, 2) Construction and
Development, and 3) Operations. In many cd¥efct Developers choose to work in a consortium of
Strategic Project Partners to mitigate project risks. One key advantage to sipatéiggecship

agreements is the effient distribution of project risks across multiple parties.

APPENDIA: STATUS OPTFTECHNOLOGYENDORIDENTIFIED

Technology Supplier Location Status
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10

11

12

13

14

15
16

17
18

Agilyx

Anhui Oursun Environ

Blest

High Wave Energy (Formerly
Climax Global Energy

Cynar Plc

Ecocreations

ECA y i Qfingal NJ S

Envirehub Singapore

USA
China

Japan

USA

Ireland
Korea

Korea

Singapore

Environment System (Technology Japan

Provider)/ Shonan Trading
GEEP

GGE Americas

Global Clean Energy

Golden Renewables

Green Envirotech

JBI
Klean Industries

MK Aromatictimited
Natural State Research, Inc.

USA

USA

USA

USA

USA

USA

Canada
India

USA

Study Participant
Did not respond to requesbr
participation

Study Contributor

Declined to Participate

Study Participant

Did not respond to request for
participation

Did not respond to request for
participation

Did not respond to request for

information

Declined to Participate

Declined to Particiga

Did not respond to request for
participation

Did not respond to request for
participation

Study Participant

Did not respond to request for
participation

Study Participant

Study Contributor
Study Contributor

Undertaking R&D
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Nexus Fuels LLC

Pfuel, Ltd.

Plastics Advanced Recycling Cor|

(PARC)

PlastOil/Diesoil

Poly Green

Polymer Energy

Polymer Energy

Promeco/Cimelia

Pyrocrat Systems LLC

Recarbon Corp

Regen

RESPolyflow

Royco

Samki Group

Shonan Trading Co.

Smart E2 Solutions

Splainex

T Technology

Vadxx

Ventana Cleantech

USA

USA
Czech

Republic

Thailand

Thailand

USA

Italy

India

USA

USA

India

China

USA
Netherlands

Poland

USA
USA

Study Participant
Did not respond teequest for
participation

Study Participant

Declined to Participate

Did not respond to request for
participation

Did nd respond to request for
participation

Did not respond to request for
participation
Did not respond to request for
participation

Study Participant

Did not respond to request for
participation

Unconfirmed Status @ystem
Operations

Study Participant

Did not respond to request for
participation
Did not respond to request for
participation

Declined to Participate
Undertaking R&D

Did not respond to request for
participation

Did not respond to request for
participation

Study Partipant
Did not respond to request for
participation



APPENDIB:FRUELS

Oiland Fractionated FuBlroperties and Classifications

Qil, generally speaking, is a liquid substance made of hydrocarbon matter that can be combusted. Fossil
fuel derived crude oil consists of carbon &87%), hydrogen (:04%), sulfur (up to 6%), nitrogen (up to
2%), oxygen (up to 1.5 %) and metals (less than 1,000 parts per @flidn)de oils can vary widely with
different physical and chemical proped and are classified based on thginerican Petroleum Institute

(API) gravindight, medium or heawand sulfur content sweet or sou(Table 2]

Table 21 Properties of Crude Gfi$

Oil Classification Medium

AP Gravity Light >31.1° Medium ~22.3%31.1° Heavy< 22.3°

(Light or Heay)

Sulfur Content (Sweet or Sweet<0.5% Sweet/Sour 0.5% & <1% Sour> 1%

Sour)

Volatility -Moderately volatile -Low volatility -Very low volatility
-Moderately evaporative  -Low evaporative -Very low evaporative
-Moderately -High toxicity -High toxicity
Toxic

Examples West Texas Intermediate Russian Export Blend Saudi Heavy
(WTI) Dubai Crude Venezuela Heavy
Brent Blend

Value Commands higher market Commands medium Commads lowest market
prices market prices prices

Synthetic crude oil derived from plastics is considered a substitute for fossil fuel derived crude. Qil quality
may vary by TFSupplier input feedstock and technological configuratioowever all surveyed
Suppliergproducinga synthetic crude oihdicated that theiproductmeets the specifications of light

sweet crude. Depending on plant configuration, synthetic crude oil can either be a principal or
intermediary output of #TFsystem Synthetic crude oil can be sold teeéimery for further processing

into petroleum products such as diesel and gasoline, or can be fractionated onsite into distillates that can
be marketed directly to industrial end users, blenders, or distributors.

PTFcompanies often use assays to charazteand demonstrate the quality, composition and distillate
yields of their end producLighter oils produce higher fractions of hydrocarbon mixtures with lower
boiling points, and heavier oils tend to produce higher fractions of hydrocarbon mixturdsghier
boiling points™®® Crudeoil assays typically test for theltabing specifications ifable22.

% centre for Energyttp://www.centreforenergy.com/AboutEnergy/ONG/Qil/Overview.asp?paghe@essed:

Septembe 2014.

1%ys EPAttp://www.epa.gov/hpv/pubs/summaries/crdoilct/c14858ca. #ifcessed September 2014.

191 American Petroleum Institute measure of specific gravity of crude oil densate in degrees. An arbitrary scale
expressing the gravity or density of liquid petroleum products. The measuring scale is calibrated in terms of degrees
API; it is calculated as follows: Degrees API = (141.5 / sp.gr.60 deg.F/60134g5)

192y/olatiity is defined by the rapidity in which the oil evaporates into the air.

198 ys EPAttp://www.epa.gov/region6/6en/xp/longhorn_nepa documents/Ippapp6a,pli€cessed: September

2014.
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Table22. U.S. Department of Energy Strategic Petroleum Reserves Crude Oil Specifications:°6PR 2008

Characteristic

API Gravity [°API]
Total Sulfur

[Mass %], max.

Pour Point

[°C], max.

Salt Content

[Mass %], max.
Viscosity

[cSt @ 15.6°C], max.
[cSt @ 37.8°C], max.
Reid Vapor Pressure

[kPa @ 37.8°C], max.

Total Acid Number
[mg KOH/g], max.
Water and Sediment
[Vol. %], max.
Yields [Vol. %]
Naphtha [28191°C]
Distillate [191327°C]
Gas0il [327566°C]
Residuum [>566°C]

ys Department of Energy, Strategic Petroleum Reserve,

Sour
30¢ 45
1.99
10
0.050

32
13

76
1.00
1.0
24-30
17-31

26-38
10¢ 19

Sweet
30¢ 45
0.50
10
0.050

32
13

76
1.00
1.0
21-42

19-45
20-42

14 max.

Primary ASTM Tes
Method
D1298 or D5002

D4294

D5853A

D6470

D445

D6377

D664

D473 or D4928

D2892 & D5236¢

http://www.spr.doe.gov/reports/docs/CrudeQilAssayManual. pafcessed: September 2014.
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