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Solid Waste Treatment and Resource Recycling

e INTRODUCTION
o Solid Waste (Refuse), Garbage (Food Waste), Rubbish, Discard => MSW
- BERF R EEAP (CRFERIFFITERERRS)
o Waste-to-Energy Combustion/Incineration => Energy from Waste
o Sanitary Landfills =>%2 #5325 5 @ RiE+H %
o Treatment of Garbage: Composting, Anaerobic Digestion, Soil Conditioner, etc.

o Recycling Schemes: 3Rs, 4Rs, 5Rs, 6Rs (Reduce, Reuse, Recycling, Recovery, R??)
TFRERF AR 6R: FE (Reduction)~ £ & * (Reuse)- 4 #L % 4c (Recycling) ~ it
Jaw 4z (Energy Recovery ) ~ #74 # » (Land Reclamation) % :z %3k 3+ (Redesign)
= Sustainable Materials Management, Sound Material-Cycle Society
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e TREATMENT OF SOLID WASTE

o Collection, Treatment, Disposal, Recycling, and Energy Recovery
o Open Dump, Sanitary Landfill; Incinerators; Recycling and Recovery
o Solid Waste Treatment and Disposal Facility

= Externality: NIMBY (Not In My Back Yard) — 4 & % * => Positive Externality
o Source Reduction (ke &€ ) => Waste Minimization; Cleaner Production
o Collection and Transfer Operation => "= & - | w g & %~ 238§ T B
OFBM M REZEY >3 28 ~ 23 34 -~ 23 24 BOO/BOT

e SUSTAINABLE PRODUCTION AND CONSUMPTION
o Sustainable Production: Waste Minimization, Eco-Design, Cleaner Production
o Eco-Labelling => Environmental Statement
= Environmentally friendly products labelling network | Global Ecolabelling Network
=150 14020:2022 Environmental statements and programmes for products (*)

= self-declared environmental claims (14021); environmental labels aka ecolabels (14024)
environmental product declarations (EPDs) (14025); footprint communications (14026).

—Carbon Footprint=>p fg+ @ & s L@ T mdl  §F LB FRE S 37 0%
o Life Cycle Assessment

=1S0 14040 &14044 (1SO/TC 207/SC5) => Life Cycle and Functional Unit

—Cradle-to-Grave; Cradle-to-Gate; Cradle-to-Cradle => CBAM; Wheel-to-Grid

=L CA Cases: Diapers and Hot-Drink Cups
o Circular Economy => the “Butterfly Diagram”

=Technological Cycle; Biological Cycle

= Cradle to Cradle Products Innovation Institute

= Sustainability => Circularity + NZE (Agenda 2050?)



https://www.reca.gov.tw/
https://www.reca.gov.tw/4in1rc
https://swims.moenv.gov.tw/
https://globalecolabelling.net/
https://www.iso.org/obp/ui/en/#iso:std:iso:14020:ed-3:v1:en
https://fsms.bsmi.gov.tw/cat/epaper/1202.htm
https://cfp-calculate.tw/cfpc/WebPage/index.aspx
https://ellenmacarthurfoundation.org/circular-economy-diagram
https://c2ccertified.org/

Arthur D. Little emerged with the following results:

Life-Cycle Analysis of Disposable and Reusable Diapers
(based on weekly diaper needs)

Category Disposable Reusable
Raw Materials Consumption (1bs) 25.30 3.60v
Energy Consumption (Btu) 23,290.00v 78,890.00
Water Consumption (gal) 23.60v 144.00
Atmospheric Emissions (1bs) 0.09v 0.86
Waste Water Effluents (1bs) 0.01v 0.12
Process Solid Waste (1bs) 2.02v 3.13
Post-Consumer Waste 22.18 0.24v
Total Costs ($/week) 10.31 7.47-16.92
Questions:

1. Put yourself in the position of the leader of the Arthur D. Little project team that must
recommend one type of diaper over the other. Are all of your assumptions correct? Which diaper
would you recommend, based on the data?

2. In addition to the environmental information, the study also included an analysis of both the
health and the economic implications of each diaper type.

e Health: Disposables were found to cause, on average, less incidence of diaper rash (caused by
contact between skin and urine) than reusables.

e Economic: To calculate the cost to the consumer of using each type of diaper, the research team
had to make some assumptions about the cost of washing reusable diapers. It found that when
home labor was valued at the minimum wage or higher, disposable diapers were cheaper to use
than reusables.

Are the assumptions regarding diaper economics correct? Do the health and economic data change
or influence your decision? Should they?

3. Put yourself'in the position of the vice president of the diaper division at P&G. P&G was recently
rated the most “environmentally conscious” company in an Advertising Age survey and yet, the state
of Vermont has proposed a ban on disposable diapers. What, if any, action should you take?
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Solid Waste Management and Resource Recovery

An Example Lifecycle Assessment: Polystyrene Cups

As an example of the value (and difficulty) of performing a complete lifecycle assess-
ment, consider a comparison of the environmental impacts of single-use, 8-ounce,
hot-drink containers made from polystyrene foam with similar cups made from
uncoated paper (Hocking, 1991). As shown in Table 6, the raw materials inputs for
the two types of cups are very different. A paper cup requires about 21 g of wood
and bark plus 1.2 g of chemicals to produce an 8.2-g cup, while a 1.9-g polystyrene

TABLE 6

Life-Cycle Assessment for Single-Use, Hot-Drink Cups
(per 1,000 Cups)

8.3 g Paper Cup 1.9 g Polyfoam Cup
Raw Materials
Wood and bark (kg) 21 0
Petroleum feedstock (kg oil) 0 2.4
Other chemicals (kg) 1.2 0.08
Purchased Energy
Process heat (kg oil) 1.8 1.9
Electricity (kg oil)? 2 0.15v
Water Effluent
Volume (m?) 1 0.05v
Suspended solids (g) 80 1 v
BOD (g) 90 04 v
Organochlorines (g) 20 0 v
Inorganic salts (g) 500 30 v
Fiber (g) 10 0o v
Air Emissions
Chlorine (g) 2 0 v
Chlorine dioxide (g) 2 0 v
Reduced sulfides (g) 10 0 v
Particulates (g) 20 0.8 v
Carbon monoxide (g) 30 0.2 v
Nitrogen oxides (g) 50 0.8 v
Sulfur dioxide (g) 100 7 v
Pentane (g) ov 80
Ethylbenzene, styrene (g) 0v S
Recycle/Reuse Potential
Reuse Possible Easy v
Recycle Acceptable Good vV
Ultimate Disposal
Proper incineration Clean Clean
Heat recovery (M]) 170 80 v
Mass to landfill (kg) 8.3 1.9 v
Volume in landfill (m?) 0.0175 0.0178
Biodegradability (landfill) Yes v No

“Calculated using 33-percent efficient power plant burning residual fuel oil.
Source: Based on data in Hocking, 1991.
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