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Il Municipal solid waste (MSW)

* Municipal Solid Waste (MSW), commonly called “trash” or “garbage” consists of
everyday items we use and then throw away, such as:

— Product packaging,
— Grass clippings,

— Furniture,

— Clothing,

— Bottles,

— Food scraps,

— Newspapers,

— Appliances,

- Etc.

Accessed at https://www.pngitem.com/middle/hxoJbRw_municipal-solid-waste-png-transparent-png/ on 06.28.2022
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- Generation of MSW
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- Management methods Municipal Solid Waste Management: 1960-2018
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Il Recycling ' Composting [ Combustion with Energy Recovery Landfill
I Other Food Management

Accessed at https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overview-facts-and-figures-materials on 06.28.2022
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ll Summary of management methods

Recycled:

In 2018, 69 million tons MSW was
recycled.

Rubber, Leather and Textiles: 6.05?

Wood: 4.49% “
Plastics: 4.47% >
/¢ '&
Metals: 12.62% ( Paper and Paperboard: 66.54

Glass: 4.43%

Composted:

In 2018, 25 million tons MSW was
composted.

Yard Trimmings
(90%)

Breakdown by EPA Regions

Recycling, composting, combusting, and landfilling rates by regions

Region 8
Region 10

Region 9

Recycled
Composted
Combusted (WTE)
Landfilled

Region 6

Region 1

Region 4

Region 2

Region 3

Accessed at https://www.mswmanagement.com/ on 06.28.2022

Landfilled:

In 2018, 146 million tons MSW was
landfilled.

Misc. Inorganic Wastes 2.24%\ / Paper and Paperboard: 11.78%

B
Other: 2.01%
o /\ / Glass: 5.17%
Textiles: 7.73%
Rubber and Leather: 3.42% "/’ Metals: 9.53%

Wood: 8.32%

Plastics: 18.46%
Food: 24.14%

Yard Trimmings: 7.21%

Combusted:

In 2018, 35 million tons MSW was
combusted.

Misc. Inorganic Wastes 2.32% Paper and Paperboard: 12.16%
0\

Other: 1.91%/\
Textiles: 9.32%/\ ‘\
Rubber and Leather: 7.24%

Wood: 8.22%

/ Glass: 4.75%

A//’ Metals: 8.54%

Plastics: 16.27%

Food: 21.85%
Yard Trimmings: 7.44%
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- Greenhouse gas benefits

In 2018,

Recycled | Composted | Combustion Landfilled

(MT) (MT) with Energy (MT)
Recovery (MT)

69 25 35 146

Note: numbers in parentheses indicate a reduction in either greenhouse gases or
vehicles, and therefore represent environmental benefits.
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TE - CALCULATOR 1§

MSW’s environmental Nl
impact ~= '

| WAS

* >15% of methane emissions in
the USA.

 These methane amounts

— Are equal to emissions
released by over 20 million
passenger vehicles driven
over the year.

— Can trap 20 times more
solar radiation than CO.,.




llll What are we sending to landfill?

Construction
Debris

Yard
Trimmings

Paper &
Cardboard

Rubber &
Leather

IDAHO NATIONAL LABORATORY




Jlll Potential opportunities of MSW utilization

Hydrogen
Carbon monoxide

Sustainable aviation fuel (SAF),
Sustainable green diesel,
Sustainable home heating oil

Liquid Fuels

Activated carbon,
Solid Insulation materials,

Products Durable goods,

And so on
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- Feedstocks

Glossy Paper Waxed Paper e é»" W - Strawberry

Mixed Paper Commercial Cellulose Mixed Plastic
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Thermal
insulation and/or
energy material
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Jlll Sample nomenclature

Mixed Plastic_13mm  Pap:Pla_1:1_13mm

Mixed Plastic_ 6mm .  Pap:Pla_2:1_13mm

Mixed Plastic_2mm .  Pap:Pla_1:2 13mm

Strawberry Plastic_13mm

Reese Plastic_13mm

Commercial Cellulose

IDAHO NATIONAL LABORATORY



100%
90%
I Physical properties
Particle size density (PSD) 60% o
==== —— =t 50% ‘@
A\ 40% &
\\\ 30% =
AN 20%
AN 10%
i N - R
100 10 1 0.1
Sieve Size (mm)
Mixed Plastic 13mm  3.51 8.52 16.99
Mixed Plastic_ 6mm 0.79 1.94 3.13
Mixed Plastic_2mm 0.27 0.71 1.51
Mixed Paper 13mm 2.25 6.59 11.61
Mixed Paper_6mm 0.65 1.66 3.06
Mixed Paper _2mm 0.12 0.49 1.40
MSW_6mm 2.66 5.45 8.64
Commercial Cellulose 0.09 1.09 3.21
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Density =

Il Physical properties

Bulk density, Skeletal density, & Envelope density
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. . C ion f : 1IN
Physical properties —
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e Insulatlng properties measurement

Q/////////////////////////////////////////////

Insulated Test Cavity

DAY

MMM

/ | Sample Holding Fixture %
| |
%//////////////////////////////////////// %

A) The sample retention ring packed with paper and fiber
wastes recovered from MSW.

B) Thermal sensor surrounded by sample.

C) A side-view cartoon of the test setup, as placed inside
an insulated chamber to maintain a quiescent atmosphere.
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Jlll Calculation of insulation properties

- Thermal conductivity (k): AT(r) = time dependent avg temp. increase of the TPS sensor
P= electric power to the sensor,

AT (7) = P(n3/2rk)_1D(T) r= radius for a hot disk style sensor,
k= geometric mean of the axial (k,) and radial (k,) thermal conductivities
k = Jk,k, D(7) = characteristic function (D-function)
= dimensionless form of time

« Thermal diffusivity (IS():

p = density
A = —— _ .
D Cp C, = specific heat
- R-value:
Ax
R = 7 Ax= thickness of the sample
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I Thermal properties

Effect of packing density

Commercial Cellulose Mixed Plastic Mixed Paper
_0.055 8.00 _ _0.055 8.00 _ _0.055 8.00 _
=~ ) ~ ) X o
~ — S~ — S —_
£ 0.050 7.00 2 £ 0.050 7.00 2 £ 0.050 ; 7.00 2
3 E 3 E 3 E
£ 0.045 . £ 0.045 . £ 0.045 Y “00y
= X o 2 X o 2 R X o
5 500 = = g 500 > =5 5 IR 500 > 5
S S © = N R S © S | e S O
< 0.040 2 3 < 0.040 THINE. ARELEI g < 0.040 2 S
=S B TR %,.::h‘:.i 4.00 3 & 5 400 3 = S 400 5 =
Q| et L (&) [+ = (&) G
= AN [=) - [=) - [=)
g 0.035 “®-....... o 3.00 = g 0.035 PO °... 3.00 = g 0.035 ... . 3.00 =
E g E ®ee, E B ....... .. g
£ 0.030 2.00 @ = 0.030 2.00 o £ 0.030 2.00 @
40 50 60 70 80 90 = 40 50 60 70 80 90 = 40 50 60 70 80 90 -
Packing Density (kg/m3) Packing Density (kg/m3) Packing Density (kg/m3)

 As the density increased, the conductivity increased, and the diffusivity
decreased which resulting in decrease of R-value.
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I Thermal properties

Effect of particle size

Mixed Paper

MSW

Mixed Plastic
3.50
¢ 13 mm A6mm ®2mm
3.30
3.10 ;
2.90 { %
2.70 é
2.50
2.30
40 80 120
Packing Density (kg/m3)

160

40

¢ 13 mm A6 MmMm ®2mm

%}i {.

80 120
Packing Density (kg/m3)

160

40

€6 mm A4dmm ®2mm

|

80 120 160
Packing Density (kg/m3)

20

- Smaller the particle, higher the R-value at a specific density.

» Lower the particle size, higher the porosity resulting in the higher R-value.
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I Thermal properties

21

Effect of feedstock type

Paper

¢ Mixed Paper_13mm
3.30 ® Wax_13mm

A Glossy _13mm

3.10
Q
=
S 2.90
o
2.70 ;
2.50 ;
2.30
40 50 60 70 80

Packing Density (kg/m3)

90

Plastic

40

¢ Mixed Plastic_13mm A Strawberry_13mm

50

|

60 70 80 90
Packing Density (kg/m3)

- Waxed paper showed similar R-value as the mixed paper; however, the glossy

paper showed lower R-value.

 Specific type plastic (strawberry raping) showed a little lower R-value value

compared to the mixed plastic.
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I Thermal properties

Mixing effect

Thermal Conductivity

Thermal Diffusivity

R-Value

0.050

0.045

ivity (W/m/K)

0.040

0.035

Thermal Conduct

0.030

¢ Pap:Pla_1:1_13mm A Pap:Pla_2:1_13mm
® Pap:Pla_1:2 13mm
40 45 50 55

Packing Density (kg/m3)

10.0

8.0

6.0

4.0

2.0

Thermal Diffusivity (m/s?)

0.0

¢ Pap:Pla_1:1_13mm A Pap:Pla_2:1_13mm
® Pap:Pla_1:2 13mm
40 45 50 55

Packing Density (kg/m3)

40

@ Pap:Pla_1:1_13mm A Pap:Pla_2:1_13mm
@ Pap:Pla_1:2_13mm

45 50 55
Packing Density (kg/m3)

22

» Mixing of plastic and paperin 1:1, 1:2, and 2:1 did not show significant change in

the R-value.
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- Conclusions

 The R-values of all tested
materials are within the 70% of the
commercial cellulose insulation.

» R-values are independent on type
of the plastic or paper while
depended on the size. In addition,
the porosity and the packing
density of the material greatly
affect the R-value.

Pap:Pla_1:2_1.0_ L
Pap:Pla_2:1_1.0_L
Pap:Pla_1:1_1.0_L
Paper_2.9 S
Paper_1.5_ M
Paper_1.5 L
Paper_1.25_L
Paper_1.0_L
Plastic_ 2.1_S
Plastic_1.1_M
Plastic_1.6_L
Plastic_1.3 L
Plastic_1.0_L

Commercial Cellulose

0.5

1.5

2 2.5 3
R-Value
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- Future works

* |Investigate other properties
(e.g., surface emissivity, fire
resistance) of the MSW before
using it as home insulation
material.

- Examine the insulation
properties of MSW after addition
of an antifungal chemical (e.g.,
boric acid) to avoid formation of
molding or growing insects
iInside the insulation.

 Finally, conduct inline test using
MSW.
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