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Overview
• Center for Sustainable Materials Management at ESF
• Opportunities and concerns associated with using paper as a
feedstock
• Findings from small-scale research projects
• Feedback and discussion

Center for Sustainable Materials
Management
• Mission Statement: To inspire, lead, and connect a diverse
group of people and organizations that will collectively
challenge the concept of “waste,” through redefining and
reimagining how we procure, produce, consume, manage, and
market materials.
• Hosted at SUNY ESF; supported by Environmental Protection
Fund through NYSDEC; partner with SU Center for Sustainable
Community Systems and other SUNY campuses
• SUNY ESF research
• Divert non-marketable paper (carbon) from land disposal to composting
• Biorefinery: bioplastics from waste paper fines

Survey 2020: Anticipated Challenges
• Compost quality
• Inks and coatings are typically not biodegradable
• Accumulation and concentration of contaminants of concern
• Heavy metals
• PFAS

• Cross contamination from plastics, glass, metals

• Operations
• Materials management:
• litter, storage, pre- and post-processing, extended duration

• Managing porosity, bulking/clumping

R&D Objectives
• Determine the feasibility of diverting non-marketable paper to
composting as a supplemental feedstock in order to recover
embodied energy and carbon.
• Innovate within existing programs, develop new products, and
identify market opportunities for composted non-marketable
paper materials.
• Support local economic development through job creation, new
business development, and reduced or avoided disposal costs

Paper Feedstock: Material Science Basics
• Cellulose
• a linear polysaccharide,
• hydrophilic material that provides the main structure of cell
walls in most plants

• Lignin
•
•
•
•

Natural polymers (glues) give stiffness to cell walls
Makes the cell wall hydrophobic
Resists microbial degradation
Generally removed in pulping

• Fillers
• Affect strength, optical appearance

• Coatings
• Provide wet strength (i.e., hydrophobic)
• Resistant to microbial (and fungal?) degradation

Feedstock

C:N

Food scraps

15:1

Leaves

35:1 to 85:1

Newspaper

170:1

Sawdust weathered 2 months

625:1

“Non-marketable” papers
• A market does not exist or is otherwise limited for
• wet or cross-contaminated paper from RHRFs
• wet-strength paper packaging (e.g. wax-coated
corrugated, frozen food packaging)
• carrier stock (i.e. beverage packaging)
• molded pulp goods (e.g. egg cartons, fruit packing,
packaging materials)

• What about pizza boxes?
• “No significant technical reason to prohibit postconsumer pizza boxes from the recycle stream”
[Westrock, 2020, Grease and Cheese Study]
• What do I do with Pizza Boxes? — Recycle Right NY

Research Trials (2020-2021)
• Replicated mesocosms (30-gallon drums)
• Aerated static piles, indoor climate control
• Treatments:
• Corrugated cardboard (CC) Trial 1
• Wax-coated corrugated cardboard (WCC) Trial 2
• Surfactant (T-80)

• 90-day duration
• Develop knowledge of CO2 flux as indicator
of degradation
• Determine effect of surfactant on
decomposition

Surfactants
• Reduce surface tension
• Surfactants
• Shi et al. 2006: improved size and diversity of microbial
community and enhanced digestion enzyme activity
• Yin et al. 2019: enhanced enzymatic digestion and improved
final product quality (C:N and germination index)

Trial 1: Effect of Surfactant and Mass Load
• Food waste (FW)
• Willow wood chips
• Treatment 1: Shredded corrugated
cardboard
•
•
•
•

Control CC (N)
Low CC (L) 6% dw
Intermediate (I) 11% dw
High (H) 17% dw

• Treatment 2: Add surfactant (T)
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Trial 1 Conclusions
• Active Phase (21-day) process effects
• Surfactant treatment resulted in
• 1.1 times mean temperature
• 1.6 times active phase CO2 flux

• No significant adverse effects of CC mix ratio
• Surfactant improved carbon degradation and nitrogen mineralization
• No notable differences during “maturation phase” (days 21-90)
• Mesophilic temperatures maintained throughout
• Pile drying inhibited degradation rate

Trial 2: WCC
• Feedstocks
• Alfalfa pellets
• Willow wood chips
• Wax coated corrugated cardboard
(WCC)
• Paraffin wax
• Solid mixture of aliphatic hydrocarbons
(C20-C40)
• Hydrophobic, low available surface area,
melting point above 37 oC
• May include PE additives for stability

• Two treatments (2x2) with 3 replicates
• Surfactant pretreatment (T)
• Agitation (N) at 30-day intervals
• Improved moisture control

50 gallons of 1” x 1” WCC
squares

Results: Temperature
Average Compost Temperature

Results: CO2 Flux During Composting Process
Average CO2 Flux

Results: Screened Compost Quality

Analyte
pH
Moisture Content (%)
C/N Ratio

XX
7.6
70.4
11.2

Treatment
XN
TX
7.5
7.8
70.5
67.9
12.3
10.7

TN
7.6
70.0
12.7

Maturity
Treatment
XX
XN (agitated)
TX

CO2 Evolution Rate
(mg CO2-C/g organic
matter/day)
6.7
3.9
6.6

CO2 Evolution Rate
Maturity
<1
Very stable
1–2
Stable
Moderately unstable,
2–5
curing compost
6–9
Unstable, raw compost

Results: Screened Compost Product Quality
Diesel Range Organics [C10 – C28]
Feedstock

DRO (mg/kg)

Reporting Limit (mg/kg)

WCC
Alfalfa
Wood Chips

85000

29000

790

110

110

200

Treatment

DRO (mg/kg)

Reporting Limit (mg/kg)

XX
XN
TX
TN

330

410

350

390

410

330

240

300

** Result is greater than the reporting limit

**
**

**

Conclusions
Surfactant Pretreatment & Physical Agitation
• Enhanced peak and average CO2 flux (80% CI)

Physical Agitation/Re-Blending
• Increased peak and average CO2 flux (90% CI)
• Increased peak and average temperature (80% CI)
• More mature screened compost product

Surfactant Pretreatment
• Effect became significant at the end of the trial
• Increased average temperature (90% CI)
• Higher TC (95% CI)
• Lower TN (80% CI)
• Higher C/N ratio (90% CI)

Fungi
• Seem to thrive on the WCC surface

Wrap-up
• Two research trials
•
•
•
•

Moisture and porosity control
Surfactant use
Agitation
Limitations associated with scale (thermal mass) and time

• Implementation
• Storage and handling
• Pre-processing
• Fate or accumulation of recalcitrant contaminants of concern

• Next steps
• Research trial 3 – accumulation of contaminants of concern (PFAS)
• Full scale demonstration
• Effectiveness of fungal decomposition of WCC, coatings, inks
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Supplemental Information for Q&A

Quiz
Identify which statements are true
A. “Non-marketable papers” include pizza boxes
B. Wax coatings on corrugated cardboard boxes are
predominately paraffin wax
C. Paper has a relatively low C:N ratio compared to food scraps
D. Cellulose is easier to degrade than lignin
E. A and C are true
F. B and D are true
G. None of the above are true

Quiz 2
• A surfactant improves decomposition of paper by increasing the
surface tension of water. True or False?
• CO2 flux is a good indicator of the rate of biodegradation of
organic matter. True or False?
• Cardboard can be used as a compost feedstock without
adverse effects on the process at mix ratios up to 17% dw. True
or False?

Quiz 3
• Pile agitation appears to improve composting effectiveness.
True or False?
• Surfactant pretreatment appears to improve composting
effectiveness. True or False?
• Composting wax corrugated cardboard at commercial scale
presents operational challenges. True or False?

2020 Survey
• 58 responses (29/29 public/private)
• Turned Windrow (37) most common practice (18/19)
• ASP (17) next most common (10/7)
• Yard Waste mulching (19)

• Confirmed: paper products are typically a component of food
scraps, and are not a significant source of feedstock

Concerns regarding the effect of waste paper feedstock on product quality
Don't want paper in mulch
Decreased nutrient value in compost
Increased time to compost
Not meeting regulatory standards
Current feedstock mix is good
PFAS/PFOS
Chemical additives/Coatings
Quality of paper/Contamination
0

2

4

6

8

10

12

Public Sector Responses

Strongly Agree

I am willing to add a processing step to my facility
operations to incorporate waste paper as a feedstock.
I am motivated to financially invest to increase the use
of modern technology at my composting facility.
I am motivated to expand the capacity of my
composting facility.
I am willing to apply innovative technologies to my
facility to incorporate waste paper as a feedstock.
I am interested in using waste paper as a feedstock at
my current facility.

Somewhat agree
Neither agree nor
disagree
Somewhat disagree
Strongly disagree
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Private Sector Responses

I am willing to add a processing step to my facility operations
to incorporate waste paper as a feedstock.
I am motivated to financially invest to increase the use of
modern technology at my composting facility.
I am motivated to expand the capacity of my composting
facility.
I am willing to apply innovative technologies to my facility
to incorporate waste paper as a feedstock.
I am interested in using waste paper as a feedstock at my
current facility.
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Methodology: Pile Construction & Room Setup
Pile Construction
•
•
•
•

5 ft3 cement mixer
Feedstocks + 9.5L water
30-gallon compost barrels
0.15% Tween-80 dose

Room Setup
•
•
•
•
•

Insulated growth chamber
Aeration grid + 2HP blower
Pile insulation
Odor control system
Periodic water addition

Methodology: Composting Efficiency Measurements
CO2 Flux
• LI-COR Trace Gas Analyzer & sampling chamber
• 5 minute measurements
• Unit conversion (ppm CO2/s → μg CO2-C/m2/s)

Results: Qualitative Observations
Visual WCC Degradation

Results: Qualitative Observations
Fungi growth

