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Introduction

“” Comparative Greenhouse
\) Gas Emissions Analysis:

Briefing Report

An Integrated Materials Recovery Facility (MRF) with
Conversion Technologies will achieve a net reduction in
cumulative greenhouse gas emissions as compared to landfilling

b WA o e b Comparison of the Net
] S Greenhouse Gas (GHG)
MR Emissions for Two Waste
Management Scenarios
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Scenario One

BASELINE SCENARIO

Mixed Waste MRF Residuals to Landfill

Energy
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Residuals
& r
R S T
\'-‘ : ity B Eoh)
B

Existing Mixed Waste Landfill
Materials Recovery Facility

e 25 Years of Transport and Disposal to Out-of-County Landfill
* Truck Fleet with Better Emission Controls

e Landfill with Soil Cap

e Landfill with LFGTE

* 100 Additional Years Assumed for Decomposition in Landfill
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Scenario Two

ALTERNATIVE SCENARIO

Mixed Waste MRF Residuals to Integrated MRF with Conversion Technologies

“

Recyclables

1,000 tpd : g
Residuals B &5 13§ tpd
— Residuals

NEY " [ o>

Landfill
Existing Mixed Waste Integrated MRF with
Materials Recovery Facility Conversion Technologies

e 25 Years of Operation

* Mechanical Pre-Processing: Recover Additional Recyclables and Separate Wet & Dry
Fraction

* Wet Fraction to AD and Composting
* Dry Fraction to Thermal Gasification with Ash Recovery
* Non-Processable Materials Disposed at Landfill
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Integrated Approach

* Prioritize Recycling, Conversion Technologies and Composting; Landfilling as Final
Option

* Consistent with the “MRF-First” policy of Recovering Marketable Recyclables to
the Maximum Extent Reasonably Possible.

 Complies with regulatory drivers to reduce GHG emissions ( AB32, AB341, AB

1826, AB1594)
New Waste Management Paradigm
Waste Prevention (Reduce): Sou’rte
Product Design & Producer Responsibility Reduction
Volume of Waste Managed .

Recycle

Recovery

Recycle & Compost Conversion/Compost

Transformation/ Transformation/
Waste-to-Energy Waste-to-Energy,

Landfill Landfill
Disposal

Y

Traditional Waste Hierarchy
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Data Sources

* Modeled California Waste Composition Data (CalRecycle, 2006)

e Statewide Average Composition of Post-Recycled Residuals from a Mixed Waste MRF

(After Being Source Separated Curb-Side) Going to Landfill
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Table 18 - Estil d Residual C for California MRFs Receiving Mixed Waste, 2005
Est. Pet.  +/- Est. Tons Est. Pct.  +/- Est. Tons
Paper 33.1% 1.8% 2,213,130  Organic 27.3% 2.4% 1,825,548
Uncoated Corrugated Cardhoard 4.3% 04% 284 205 Food 104% 1.3% 691,353
Paper Bags/Kraft 07% 01% 45834 Leaves and Grass 79% 19% 530,628
Mewspaper 4.2%  05% 278 891 Prunings & Trimmings 1.0% 03% 63914
“White Ledger 1.8% 03% 120 169 Branches & Stumps 03% 01% 22940
Colored Ledger 0.2% 00% 13,761 Agricultural Crop 00% 0.0% 2,710
Computer Paper 00% 00% 1676 Manures 00% 0.0% 1879
Other Office Paper 25% 03% 188 522 Textiles 24% 0.4% 163 550
Magazines/Catalogs 25% 04% 163 624 Carpet 03% 01% 22,798
Phone Books/Directaries 0.2% 01% 12,360 Remainder/Composite Organics 48% 07% 325776
Other Misc. Paper 47% 04% 310588
Remainder/Composite Paper 122%  11% 815,451 Construction & Demolition 12.6% 2.0% 839,302
Concrete 06% 0.2% 41 565
Glass 1.9%  0.3% 128 415 Asphalt Paving 00% 0.0% 215
Clear Glass Bottles & Containers 08% 02% 54 896 Agphalt Roofing 02% 0.1% 12 B0A
Green Glass Bottles & Containers 02% 01% 15722 Lumber 31% 0.6% 204,749
Brown Glass Bottles & Containers 02% 01% 11830 Treated Wood Waste 1.89% 0.4% 127 948
Other Colored Glass Bottles & Containers 0.0% 00% 518 Gypsum Board 08% 0.3% 52,064
Flat Glass 01% 00% 3497 Roclk, Sail, Fines 32% 06% 216,690
Mixed Cullet 04% 01% 25861 Remainder/Composite C&D 27% 08% 183,161
Remainder/Composite Glass 02% 01% 16,991
Household Hazardous Waste 0.4% 0.1% 25,022
Metal 56%  0.8% 372,659 Paint 0% 0.0% 1,232
Tin/Steel Cans 11% 02% 74031 “ehicle & Equip. Fluids 00% 0.0% a
Major Appliances 0.2% 01% 10,799 Usged il 00% 0.0% 4539
Used Oil Filters 0.0% 00% 305 Batteries 03% 0.1% 18,319
Other Ferrous 20% 05% 136 782 Remainder/Composite HHWW 0.1% 0.0% 4012
Aluminum Cans 03% 00% 18,331
Other Non-Ferrous 07% 02% 49703  Special Waste 0.5% 0.4% 36.442
RemainderComposite Metal 12% 03% 82708 Ash 0.0% 0.0% 111
Sewage Solids 00% 00% a
Electronics 1.1%  0.3% 73,259 Industrial Sludge 00% 00% 1]
Brown Goods 03% 01% 20 966 Treated Medical VWaste 00% 00% an
Computer-related Electronics 0.4% 0D1% 23838 Bulky tems 00% 0.0% 1}
Other Small Consumer Electronics 04% 01% 28122 Tires 00% 0.0% 1,566
Tv's & Other CRTs 00% D0% 333 Remainder/Composite Special Waste 05% 02% 33675
Plastic 16.9% 1.1% 1,127,866  Mixed Residue 0.5% 0.2% 36.508
PETE Bottles 07% 01% 43746
Other PETE Containers 01% 00% 9710
HDPE Natural Bottles 03% D.1% 19 636
HOPE Colored Bottles 0.3% 01% 17,303
HOPE &-gallon buckets (Food) 01% 00% 4,852
HOPE &-gallon buckets (Non-Food) 0.3% 01% 21,282
Other HOPE Containers 01% 00% 6,057  Totals 100.0% [ o578.151]
#3-#7 Bottles 0.1% 00% B883  Sample count:
Other #-# Containers 08% 01% 53 597
Plastic Trash Bags 13% 02% 87,248
Grocery/Merch, Bags 11% 02% 76,432
MNon-bag Comm./Ind. Packaging Film 18% 04% 117,378
Film Products 01% 01% 8592
Other Film 37% 0D4% 248 411
Durable Plastic ltems 12% 02% a0 524
Remainder/Composite Plastic 49% 05% 328115




Data Sources

Post-Recycled Mixed Waste MRF Residuals Composition Separated Into Major Fractions to
be Optimized for Further processing:

— Wet Fraction (“DC” for Digestible Component)
— Dry Fraction (“RDF” for Refuse-Derived Fuel)
— Landfill (Non-Processable/Non-Acceptable Materials)

Work Days/Year  |365 ':T;’;xr:am;;"g;{:l léﬂuf:;fg?ﬁ“;;“m°' AVERAGE UPPER AND LOWER BOUND
Short Tons/Day 1000 Materials, Not Separatly Calculated Bounds. Process Category {Daily Shoit Tons) Lower/Upper 20% Bound {Daily Short Tons}
Material Group Vaterial . - - -
TOTALPERCENT | TOTALDAILY TONS | Recyclables| DC | ROF | Landfill | Reject| Recyclables pc | mor | Landfill | Rejert

Paper 3.1% 331.4] agl a7 wmal oo oo  a1-s0] aas-sa 2a84-3054 00-0d 00-0
1 0CC {Recyelable)/Kraft 4.9%) 494 2.0 7.4 A0.0 (11, 1.8-21 6.8-8.00 367-43.4 00-000 0.0-0
2 Newspaper 4.2% 41.8 13 6.3 342 0. 0.0 11-14  55-7.00 301-383] 00-000 0.0-0
3 High Grade Office Paper 45% 45.2 1.4 6.8 371 0. 0.0 1.2-15 61-7.4 33.6-406 0.0-000 0.0-0.
4 |Wixed Recyclable Paper 7.3% 72.9 0.f 109 619 0.0 0.0 0.0-00 101-11.8] 57.0-668 0.0-000 0.0-0.
5 Compostable Paper B.9% 89,0 0. 134 757 0 00 0.0-000 119-148 67.7-8360 00-000 0.0-0.
6 Non-Recyclable Paper 3.3% 331 0.0 5.08 28.1 0.0 00 0.0- 0.8 41-58 23.3-33.0) 00-000 0.0-0

Plastic 16.9% 1689 61| 20 1530 7.5 03 50-7.2 1.8-2.2] 139.3- 1667 68-82 0.2-03
7 J#1 PET Bottles/Containers { Deposit) 0.7% 6.6 2.9 0.8 3.6 0.0 00 25-34 0.0-0.0 31-42 00-000 0.0-0
8 |1 PET Bottles/Containers (Non-Deposi 0.1% 15 0.7 0.0 0.8 0. 0.0 0.7-0.7 0.0-0.08 08-08 00-00 0.0-0
g |#2HoPE Bottles 0.6% 55 2.5 0.0 3.0 0. 00 19-31 0.0-0.08 23-38  00-000 0.0-0
10 Other Bottles/Containers 1.4% 139 0.0 0.0 122 1.4 03 0.0- 0.0 0.0-0.00 11.0-135]  12-15 0.2-03
1 Plastit Film/Wrap B0 80.3 0.0 200 783 0.0 0.0 0.0- 0.0 18-22 72.0-845] 00-004 0.0-0
12 Other Plastic Products 6.1% 61.2 0.0 0.0 55.1 6.1 0.0 0.0- 0.8 0.0-0.00  50.2-59.9 56-67 0.0-0.

Metals 5.4%| 54.2 37.5 0.2 58 108 00 293-458 02-0.3 45-72 82-129 0.0-0.
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Mass Balance of Integrated MRF with Conversion

1000 t/d
_*

PRE-PROCESSING

Technology

> Recyclables 50.4t/d

Dry Fraction
518.4t/d
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> Landfill Disposal

Non-Acceptable / Non-Processable Materials
Wet Fraction 128.6 t/d
302.5t/d
ANAEROBIC Biogas BIOGAS (CHP
DIGESTON ICE or BOILER)
Digestate
e COMPOSTING
Approx.
250 t/d
THERMAL
GASIFICATION
ASH MELTING

136.5 t/d
> Energy 5.2 MW
> Compost 146t/d
Ash 7.9t/d
>  Energy 25.5 MW
> Metallic Slag 4.4 t/d
> Vitrified Slag  25.0 t/d




Calculation Methodologies for
Baseline and Alternative Scenarios

Industry-Accepted Models to Calculate
GHG Emissions for:

Transport: \*\\\ 4 UlCalifugniz
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MRF Pre-Processing,

Anaerobic Digestion, epe
: and Compostlng: entreprises [ pour I'environnement
Landfill /

Operations:

A IR ]
Gasification

WARM Model
_ Cross Check: e— -
Buried

Refuse:

=]

No Single GHG Emissions Calculation Model was Able to Address All of the GHG Emissions of the
Various Components of the Study
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Calculation Methodology for
Alternative Scenario

Reference Model Data Based on Existing, Operating Facilities for:
* Process Design and Process Flow Data
 Mass and Energy Balance Data
* Emission Calculations Provided by:
* Anaergia (Carlsbad, California)
* JFE Engineering Corporation (Yokohama, Japan)
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Results and Conclusion
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Comparative GHG Emissions for Years 2014 to 2138 for the Treatment of
1,000 Tons per Day (for 25 Years) of Post-Recycled MRF Residuals
(in Metric Tons of Carbon Dioxide Equivalent, MTCO2E)

NET
NET
BASELINE SCENARIO: POST RECYCLED RESIDUAL TO TOTAL BIOGENIC Blgg':,:" o | momecr | avoweo | emissions E(z’:lss:zts
LANDFILL (1000 TPD) EMISSIONS EMISSIONS EMISSIONS EMISSIONS EMISSIONS | (biogenic and bio;enic
non-biogenic ) emissions)
S io O TOTAL OF TRANSPORTATION AND LANDFILL OPERATONS
cenario one EMISSIONS (Cap / LFG-to-Energy) 5,357,275 | 2,479,735 | 2,877,540 0 1,241,000 | 4,116,275 | 1,636,540
00—
NET NET
ALTERNATIVE SCENARIO: INTEGRATED MRF WITH TOTAL BIOGENIC BI(N)CG)::I\-IIC INDIRECT | AVOIDED | EMIsSIONS E"’"fs'°"s
CONVERSION TECHNOLOGY EMISSIONS | EMISSIONS | . 0" | EMISSIONS | EMISSIONS | (biogenic and (E?o;::i:-
non-biogenic) o
emlSSIOI‘ISI
. TOTAL OF INTEGRATED MRF AND CONVERSION
S(';ena rio Two ﬁ TECHNOLOGY COMPONENTS 8,931,770 | 5,462,299 | 3,266,635 | 202,835 | 4,135,493 | 4,796,277 | (666,022)

Total Emissions = Biogenic + Non-Biogenic + Indirect (Purchased Electricity, Heat or Steam)
Net Emissions = Total — Avoided Emissions
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Findings

* Biogenic Emissions Higher for Alternative Scenario due to
Gasification Process Converting Biogenic Components of RDF to
Carbon Dioxide and Water

* Non-Biogenic Emissions Similar for Both Scenarios (Fugitive
Methane Emissions from Landfills and Carbon Dioxide from
Gasification Process)

* Avoided Emissions Much Greater for Alternative Scenario Due to
Renewable Energy from AD and Gasification Replacing Fossil Fuel
Use and Additional Recycling

* Avoided Emissions in Baseline Scenario Due to LFG-To-Energy
Replacing Fossil Fuel Use

@ TETRA TECH




Results

* 1.64 Million MTCO2E Net GHG Emissions for the Baseline Scenario
 (.67) Million MTCO2E Net GHG Emissions for the Alternative Scenario

" Alternative: Integrated MRF with Conversion
Technologies

55,000
I Baseline: Landfill Transport and Disposal

e Operation with Cap and Landfill Gas-to-Energy
T 25000 T = : T
o §2:000 (accounting for avoided emissions)
S~
~ Baseline: Landfill Transport and Disposal
o e Operation with Cap and Landfill Gas-to-Energy
< (not accounting for avoided emissions)
£ 25000 ——— ittt
N’
w
c
]
i) 15,000 -
@
; I|
L 5,000 T """l
g lI lI “ H
o]
o
o) -5,000
c
o}
Z | |
‘5 -15,000 J 1]
z

-25,000

vr:omwmggg;v;omwmwgm:’zaxr\oggmggggvr\ommmmmw;vr\
Shlgele e 0c2583882222222358¢8888¢8238aN s N TR

Year

[
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Results

Net GHG Emissions:

 Baseline Scenario = GHG Emissions of 1.64 Million MTCO2E
over a 125 Year Period, Comparable to 340,000 Passenger
Vehicles Driven for One Year

e Alternative Scenario = Net Avoided GHG Emissions of (0.67)
Million MTCO2E over a 25 Year Period, Comparable to
140,000 Fewer Passenger Vehicles Driven for One Year




Conclusion

* An Integrated Materials Recovery Facility (MRF) with
Conversion Technologies will Achieve a Net Reduction in
Cumulative Greenhouse Gas Emissions as Compared to
Landfilling Post-Recycled Residuals from a Mixed-Waste MRF

* Net Reduction is Due to Higher Avoided Emissions for
Renewable Energy Generation, Replacing Fossil Fuels, and
Energy Savings from Additional Recycling




“ TETRA TECH Christine Arbogast

Vice President

1360 Valley Vista Drive

Diamond Bar, California 91765
(909) 860-7777
christine.arbogast@tetratech.com

QUESTIONS?

Thank you

CT Comparative GHG Analysis February 2016
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http://dpw.lacounty.gov/epd/socalconversion/pdfs/CT_Comparative_GHG_Analysis_Feb_2016.pdf

Comparative GHG Emissions for Years 2014 to 2138 for the
Treatment of 1,000 Tons per Day (for 25 Years) of Post-Recycled
MRF Residuals (in Metric Tons of Carbon Dioxide Equivalent, MTCO2E)
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SCENARIO EMISSIONS (Years 2014 TO 2138): 125 Years
NET
NOMN- NET EMISSIONS
BASELINE SCENARIO: POST RECYCLED RESIDUAL TO TOTAL BIOGENIC BIOGENIC INDIRECT AVOIDED EMISSIONS {only non-
LANDFILL (1000 TPD) EMISSIONS | EMISSIONS | oo e | EMISSIONS | EMISSIONS | (biogenic and | "o .
non-biogenic ) o
emissions)
TOTALOF N RTATION AND LANDFILL OPERATONS 5,357,275 2,479,735 2,877,540 1] 1,241,000 | 4,116,275 | 1,636,540
EMISSIONS (Cap / LFG-to-Energy) e T e e e e
Transportation to Landfill {25-yr Landfill Operation) (EMFAC2011) 25,946 - 25,946 25,945 25,946
Landfill O peration (with cap/LFG-to-energy) (CalEEMod, LandGEM) 5331328 2,479,735 3,851,504 1,241,000 4,090,329 1,610,504
Lo = 100, Capture rate = B3%
NON NET EMI:SE;]NS
ALTERNATIVE SCENARIO: INTEGRATED MRF WITH TOTAL BIOGENIC BIOGENIC INDIRECT AVOIDED EMISSIONS (on
. . only non-
COMNVERSION TECHNOLOGY EMISSIONS EMISSIONS EMISSIONS EMISSIONS EMISSIONS :blﬂgi-:r‘llc a|:1d biogenic
non-biogenic ) .
emissions)
TOTAL OF INTEGRATED MRF AND CONVERSION
8,931,770 | 5,462,299 3,266,635 202,835 4,135,493 | 4,796,277 666,022
TECHNOLOGY COMPONENTS ! ' ! ' ! ! ! ! ! ! ! ( ! )
a
MRF Preprocessing (Anaergia EpE) o " " - 1,645,938 (1,646,938) (1,646,938)
Anaerobic Digestion (Digestate to Composting) (EpE) © B42,B15 740,338 102,477 - 563,385 275,426 (460,912)
Composting of Digestate (Anaergia EpE) = 342,435 177,942 164,493 - 9,667 332,768 154,826
ROF (Average) Gasification and Ash Melting 7,728,236 4,537,816 2,887,584 202,835 1,668 485 6,058,751 1,521,935
RDF, Slag and Metal Recycling from Ash Melting Process (Average) Included in Included in Included in Included in 247,014 (247,014) (247,014)
[ WAR M) Process Process Process Process
Landfill of Post Integrated MRF Residuals
Transportation to Landfill (25-yr Landfill Operation) (EMFACZ011) 4,404 4,404 4,404 4,404
Landfill O peration (with cap/flare) (CalEEMod, LandGEM) 13,B80 6,202 7,678 13,BB0 7,678




Emissions Definitions

e Direct Emissions — Directly Related to Solid Waste Management Activities
— Biogenic — Emissions Naturally Cycle Through Atmosphere; Carbon Neutral

— Non-Biogenic — Emissions from Combustion of Carbon Fuels, Materials of Fossil
Fuel Origin and Other Non-Combustion Processes (Fugitive Methane Emissions
from Landfill Operations)

* Indirect Emissions — From Purchased Electricity, Heat or Steam

* Avoided Emissions - Attributed to Displacing Purchased Power Generated by Fossil
Fuel Combustion or Emissions Avoided by Recycling (Avoiding Processing Virgin
Material)

* Total Emissions = Biogenic + Non-Biogenic + Indirect
* Net Emissions = Total — Avoided Emissions
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