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Overview

* Background: Prior Investigations
* Demonstration Project Methods
* Results: Operational Performance and Compost Quality

* Discussion
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ESF & NYSDEC Goals

* Determine the feasibility of diverting non-marketable paper to
composting as a supplemental feedstock

* Recover embodied energy and carbon

e Reduce GHG emissions from landfills
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R&D at ESF (2019 - ongoing)

Project Drivers:

* Is compost produced with non-recyclable paper feedstocks significantly
different from “conventional” compost?

* Does the incorporation of non-recyclable papers adversely affect the
composting process?

R&D Projects:

Corrugated cardboard (CC)

Wax-coated corrugated cardboard (WCC)*
Municipal-scale composting of WCC**

Characterization of PFAS in compost and related products
Characterization of PFAS in paper food packaging

Molded fiber food containers

Coated paperboard

SCHCT = OO




Composting WCC

« Paraffin wax coated corrugated cardboard Is readily degradable in the
compost environment using poultry manure and/or soybean waste as
nitrogen sources (Raymond et al., 1997)

« Compost derived from WCC suitable as a container growing medium
(Raymond et al., 1998)

« WCC blended with poultry manure and broiler litter produced stable soll
amendment (Foote & Das, 1998)
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Research-Scale ASP Trials 2020-21
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WCC Composting Demonstration Project (2022)

* Performance Objectives:
* Use conventional composting equipment

* Demonstrate no adverse effect on
* Compost quality
e Labor
* Equipment
* Meet USCC STA compost guidelines

b



Project Location:
Onondaga County Resource Recovery Agency (OCRRA)

* Amboy Composting * Concrete walled bays (20°x100")
Facility Permit ID 7-3120- ~800 - ~1,200 CY per week
00137/00001 * Forced aeration

* Yard waste (~48,000 _ ,
CY/yr) * Two 30-day aeration periods

+ SSO/food waste (~9,600 p followed by maturation
ton/yr)

* YW:FW mix ~3:1
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Procedures

e 20 tons of baled WCC

* Shredded yard waste (YW)
and WCC
* Mix Ratio
* 1 WCC bale (~1600 Ib) :

* 4-day bunker fill (~800 CY) August 2022

~30 CY YW * 34-day primary aeration

* Mix ratio ~ 5.3% dry * 27-day secondary aeration
weight .

* Limited addition of food * 5-month curing (separated)
ELSIE * Compost screened

* McCloskey 621 screen (1/4”)
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Initial Characteristics

Bulk Density (drop bucket method)
e Shredded WCC = ~3471b/CY
* Yard Waste = 749 Ib/CY

Moisture Content

* YW:WCC:FW Wetted Mixture = 61% at Day 0

* 54% at Day 30

* Intensive wetting to ensure moisture was not a limiting factor
C:N (Initial)

* Mixed Feedstock: 33:1

° YW: 26:1

* WCC: 250:1

Fines <0.187" indicate potential yield
* Mixed feedstock ~27%
* Shredded YW ~62%
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Compost Quality

Characteristic OCRRA Compost | WCC Compost
(N=2 samples) (N=4 samples)
pH 7.6 7.55
Soluble Salts (mmhos/cm) 3.12 4.15
Total Solids (%) N.A. 43.3
Moisture Content (%) 56 56
Organic Matter (%, dry weight) 50.6 50.8
Total Nitrogen (%, dry weight) 1.28 1.17
Carbon (%, dry weight) N.A. 26.7
C:N N.A. 22:1
Phosphorous (%, dry weight) 0.44 0.36
Potassium (%, dry weight) 0.79 0.51
Calcium (%, dry weight) 5.86 6.0
Magnesium (%, dry weight) 0.89 N.A.

Maturity/Stability Indicators

Bioassay (Emergence, % of control)

Bioassay (Seedling Vigor, % of control)

CO, Respiration (mg CO,/g TS/d)

CO, Respiration (mg CO,/g OM/d)

Plastic, Metal & Glass (%, dry weight)

“moderately unstable,
curing compost”



WCC Compost (ug/kg) |Yard Waste Feedstock| WCC Feedstock

PFAS Perfluorooctane sulfa yomidoacetic acids

N-EtFOSAA 0.986 3.306 0.122
N-MeFOSAA 0.086 0.072 0.104

Perfluoroalkyl sulfonic acids

0.426 0 196
O 191

Per- and polﬂuoroetl er carboxhc acids

Perfluoroalkyl carboxylic acids

Total (T 40 PFAS)

BCS: Below Calibration Standara. Instrument response was less than the lowest standard concentration used to develop the instrument
calibration curve.

~Analytes in bold are contaminants of concern in drinking water (USEPA)




Processing Effectiveness

* Oversized (>1/4”) materials were sampled by hand from eight 6-CY buckets (10%
of total).

 ~1,400 Ibs (dry weight) was oversized screen rejects.

* Yield: ~96% of the WCC was degraded to compost.

* Oversized WCC exhibited degradation, fungal growth, discoloration and
delamination.




Operational Impacts

* Handling: No issues

* Equipment: No 1ssues
* Odor: None

* Duration: Normal

* Labor: No loss of productivity




Conclusions

e \WCC can be added at a rate of 5-10% without adversely affecting operations or
compost quality.

e \WCC needs shredding or grinding to reduce particle size.
e Avoid over-wetting.

e Oversized WCC is readily removed by screening and recycled back into the
next pile along with other oversized materials.

e >96% of 20 tons decomposed into compost without adversely affecting
compost quality.

e PFAS are present in yard waste and in compost.

e \WCC could generate additional revenue through a tipping fee plus sales of
additional 18 tons/week of compost derived from WCC.
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Discussion




Supplemental Information

* PDH Discussion

* Why would over-watering delay decomposition?

* Why do we calculate the mix ratios using dry weight of materials?
* What is the threshold temperature for PFRP?
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PFAS Analyte WCC Compost (ug/kg) Shredded Yard Waste WCC Feedstock (ug/kg)
(Hg/ka)
Fluorotelomer sulfonic acids
4:2FTS BCS BCS BCS
6:2FTS BCS BCS BCS
8:2FTS BCS BCS 0.003
Perfluorooctane sulfonamides
FOSA BCS BCS BCS
N-EtFOSA BCS BCS BCS
N-MeFOSA BCS BCS BCS
Per- and polyfluoroether carboxylic acids
FHpPA BCS 4.230 4.396
3,6-OPFHpA BCS BCS BCS
PF40PeA BCS BCS BCS
PF50HXA BCS BCS BCS
FPePA BCS 1.198 BCS
FPrPA BCS BCS BCS
HFPO-DA BCS BCS BCS
NaDONA BCS BCS BCS
Perfluorooctane sulfanomidoacetic acids
N-EtFOSAA 0.986 3.306 0.122
N-MeFOSAA 0.086 0.072 0.104
Perfluorooctane sulfonamide ethanols
N-EtFOSE BCS BCS BCS
N-MeFOSE BCS BCS BCS
Perfluoroalkyl sulfonic acids
PFDoS BCS BCS BCS
PFDS BCS BCS 0.0295
PFHpS BCS BCS 0.0735
PENS BCS BCS BCS
PFOS 0.590 0.426 0.196
PFPeS BCS BCS BCS
PFHXS BCS BCS BCS
PFBS 0.174 0.191 BCS
Ether sulfonic acids
11CI-PF30UdS BCS 0.004 0.136
9CI-PF3ONS BCS BCS 0.762
PFEESA BCS BCS BCS
Perfluoroalkyl carboxylic acids
PFBA 0.9145 1.0475 0.3685
PFDA 0.3085 0.3765 0.139
PFDoA 0.087 0.133 0.0205
PFHpA 0.348 0.444 0.039
PFHXA 7.005 10.91 0.055
PENA 0.182 0.194 0.084
PFOA 1.048 1.330 0.098
PFPeA 0.98 1.414 BCS
PFTeDA BCS BCS BCS
PFTrDA BCS BCS BCS
PFUdA 0.066 0.129 0.1445
Total 12.776 25.386 6.770

BCS: Below Calibration Standard. Instrument response was less than the lowest standard concentration used to develop the

instrument calibration curve.

Analytes in bold are contaminants of concern in drinking water (USEPA




Process: Pile Temperature

Temperature (F)
Feedstock Batch ID Start End Duration (days) Average Daily Peak Daily
Bay 3 Primary| 8/14/2022 9/12/2022 30 137.4 155.3
Bay 3 Secondary| 10/11/2022 | 11/15/2022 36 173.2 190.6
WCC Primary, 8/20/2022 9/22/2022 34 114.7 132.8
WCC Secondary| 9/23/2022 10/19/2022 27 167.6 189.9
Bay 1 Primary| 8/30/2022 10/4/2022 36 151.5 158.9
Bay 1 Secondary| 10/4/2022 11/8/2022 36 170.2 191.7
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Table 4: Compost Quality Comparison

Compost Characteristic OCRRA WCC
Compost Compost
(N=2 (N=4
samples) samples)
pH 7.6 7.55
Soluble Salts (mmhos/cm) 3.12 4.15
Total Solids (%) N.A. 43.3
Moisture Content (%) 56 56
Organic Matter (%, dry weight) 50.6 50.8
Total Nitrogen (%, dry weight) 1.28 1.17
Carbon (%, dry weight) N.A. 26.7
C:N N.A. 22:1
Phosphorous (%, dry weight) 0.44 0.36
Potassium (%, dry weight) 0.79 0.51
Calcium (%, dry weight) 5.86 6.0
Magnesium (%, dry weight) 0.89 N.A.
Maturity/Stability Indicators
Bioassay (Emergence, % of 100 97.5
control)
Bioassay (Seedling Vigor, % of 100 100
control)
CO, Respiration (mg CO,/g TS/d) 0.65 1.05
CO, Respiration (mg CO,/g 0.55 2.275
OM/d)
Plastic, Metal & Glass (%, dry N.A. 0.05

weight)




Table 5 Heavy Metal Concentrations Screened WCC Compost

Heavy Metal Mean Concentration Maximum*
(mg/kg, dry weight) Concentration
N=4 (mg/kg, dry weight)
As 3.2 41
Cd 0.5 10
Cu 37.3 1,500
Pb 33.6 300
Hg 0.058 10
Mo 15 40
Ni 9.2 200
Se 2.6 100
Zn 89.1 2,500
*Ref. Table 6 Pollutant Limits 6 NYCRR Part 361-3.9




USCC STA Feedstock

« Compostable Products: Containers, films or foodservice
ware such as bowls, plates, cups, cutlery, composed of
materials such as vegetable matter, paper, cardboard, and
plastics that meet Biodegradable Products Institute (BPI)
ASTM D6400, D68GS.
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