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Introduction

Base on the climate change and global
warming, important issues on the 80%
GHGs reduction before 2050.

Products of Carbon Footprint (CFP) are
beginning to implement in Taiwan
Finished carbon footprint guideline of Taiwan

Finished Products Category Rules guideline
(PCRS)

The first carbon labels, including drinking
water, shampoo ,TFTLCD, LCD TV etc
al.(20100604)

Carbon Footprint

Taiwan EPA

&COz



The Aim of This Study

CFP is based on Life cycle Assessment,

What is carbon footprint during end of life for
products?

Especially, on plastic product, packaging material,
foodseé
The Reduction hot spots of CFP

By redesign, materials, manufactureé GHGSs on
End of life by recycling & by incineration End of Life

Incineration is not optimal selection for end of life
for some problems, energy efficiency, secondary
pol l utants, dioxiné

The key points, What is effects of CFP reduction?




About the References of LCA , Incineration ,

Recycling, Biological

Ozeler et al.(2006) For municipal solid waste management
Compared the waste treatments considering LCA for Ankar
case study----the reduction by recycling is better than the
Incineration.

Chayaand Gheewala2007) Compared the anaerobic
biological treatment and incineration by life cycle assessme
of MSW-to-energy schemes in Thailand--- The anaerobic
biological treatment was low impacts than incineration.

Eriksson et al.(2005) Compared the landfill and incineration
by life cycle assessment of MSW- incineration with low
Impacts.



LCA analyses for waste treatment by

ncinerati on, Recycl in

GHGs issue researches:

Finnveden et agl.(2005) focused on recycling of the paper and
plastics by LCA, the results indicated, the recycle increasing
can reduce the GHGs emission on the incineration stage.

Schmidt et al.(2007) A Danish case, waste paper recycling with
LCAthinking ---- a more environmental efficiency than
INncineration treatment.

Liamsanguan and Gheewala (2008) Combined recycling,
biological treatment and gases recycling ---- Low GHGs
emission.

Feo and Malvano (2009) Recycling is the best MSW
management system with low impacts by LCA .



bout Carbon Footprint, Environmental impacts for

ecycl i ng, |l nci nerati on an

The waste treatment by LCA prospect:

GHGs issue: recycling will have low carbon
footprint than incineration. But, among incineration

and landfill, biotreatment, still some different
results.

Recycling is still good waste management policy
considering environmental impacts.

How Is the effect according to LCA?
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Waste Treatment of Taiwan for the last decade
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7| Methodology

Life Cycle Assessment (LCA)

Energy analysis, CHGs emission estimation
LCA perturbation analysis

Eco- efficiency

Data sources

A case study characteristics

Perturbation analysis and scenarios
simulation



Methodology

Life cycle Assessment (LCA)

Goal and
scope
definition

Inventory
analysis

Impact
assessment

Interpretation

E Product development and
Improvement

E Strategic planning

E Public policy making

E Marketing( CFP, EuPs

E Other
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Methodology
Incineration Case Study LCA Boundary Definition

» Emission to water
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Methodology

Energy analysis, GHGs emission estimation

GHGs estimation according to IPCC 2006
(2006 IPCC Guidelines for National Greenhouse Gas
Inventories, Volume 5)

| CO, emission(Ton) Incineration mass (Ton) x carbon

content (% ) x combustion efficiency (95% ) x CO, mass
transform  value( 44/ 12)

<

CH, emission (Ton) Incineration mass (Ton) x emission
factor (g/ton)) x 10-%(g to ton)
LY

N,O emission (Ton) (incineration mass(Ton) X emission
factor (g/ton)) x 10 -6(g to ton)

GHGs CO, CH, N,O
GWP Value 1 25 298

From IPCC, Climate Change 2007



Methodology

Energy analysis, CHGs emission estimation

LCA (function unit) emission factor estimation
LCA Functional Unit=1 KWh, 1tonWaste

The allocationrules was according to the mass, heating
value, compose, C%.

l assessment
LCA
Incineration > GHGS
GFP
Ecopoint
By mass Miass l
Heatvalue
Compose

Carbon content



Methodology

The Characteristics of Incineration - A Case Study of
Talwan

LCA inventory & data sources:

This study focus on end of life, Incineration plant:
Neihu Beitou Mucha, Taipel, Taiwan (2008)

Waste physical composition and chemical composition
Waste mass (ton/month)

Power generation and plant use (KWh/month)
Transport diesel consumption (m3/month)

Emissions data ( kg)

The market price of recycling products ($NT)

Others



Methodology

LCA Perturbation Analysis

Perturbatioranalysisis a methodfor identificationthe
sensitivity of system parameter (LCA boundary
definition), The variation can be displayed with
multiplier value

The multiplier value can applied to identify the
parametersensitivity or the variation of scenarios
(Theconceptfrom Hejjungset al.,, 2005



Methodology

Environmental Impact Improvement Potential

The environmental multiplier6Referred from Yang et al. 2007)

The multiplier is defined as environmental impact variation
( b divided by environmental impact value on base

scenarios () :

EIIP multiplier = AI /I()



Eco-efficiency

Economic Environmental Impact Potential

Economic Environmental multipliers: Economic environmental

multipliers impact potential, Referred from Yang et al. 2007)

Al /1o
AC

EEIP multiplier=

@C or L CC ( L:isfte vanatidnef costs; probably being

positive or negative.



Methodology

A Case study Characteristics and Data Sources

. . Nl el Mucha Plant
Characteristics and composition Plant Plant
2008 2008 2008
Moisture (%) 39.4 39.3 54.9
Combustibles (%) 50.3 48.8 36.9
High heating value (kcal/kg) 2922 2486 1835
Low heating value (kcal/kg) 2422 2019 1333
Electricity (MWh/year) ( ) 27945 117639 50936
. 2006
Diesel (L/year) = 4405839 9129012 6247799
Components (%)
Paper 40.5 40.5 40.5
Food waste 6.5 9.9 21.8
Plastics 31.8 22.7 20.5
Yard waste 4.4 4.5 4.7
Glass 6.4 7.3 3.3
Metals 1.6 1.5 2.2
Cloth 3.4 10.6 2.7
Rubber/leather 2.8 0.0 2.0
Stone/ceramic 1.7 1.7 2.0

Others 1.1 1.3 0.9



Methodology
Relation between waste low heating value and

power generation
| y =0.0002% 2E+06 |

| R2=0.9325 |
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<
= 5.00E+06 74/’/ e
g 00RO 3.08kg waste transform 1KWh
5 3-00E+06 Heat efficiency 13~15%( estimation by
2 00E+06 wet low heating value)
< Heat efficiency 5~6%( estimation by
1.00E+06 : .
\\dry higher heating value)
0.00E+00
2.50E+10 3.00E+10 3.50E+10 4.00E+10

Total low heating value(Kcal)

Linear regression of waste low heating value( wet value)
and power generation for Taipei, Taiwan



Results and Discussion

LCA results
. Recycling scenarios discussion
Waste food, paper, plastics

. Perturbation analysis

Recycling from 0 to 30%
Eco-efficiency

Recycling perturbation and eedficiency
Conclusions and suggestion



Results and Discussion

GHGs emission

Greenhouse gas emission of three incineration plant, Taipei, 2008

CO> CH. N,O COs-eq
(ton) (ton) (ton) (ton)
Total emission 174,798 4.0*10 > 9.95 195,830
Eﬁir;‘i’gr:t 18,004 7.3410 4 0.15 18,065
LCA emission 0.97 3.88 x10°® 5.1 x10°° 0.98

Functional Unit 0.97ton/tonMSW




Results and Discussion

Incineration Case Results, Taipel, Taiwan

Greenhouse gagmissionof three incinerators, 2008
Transport9.22%

/[ From diesel GHGs

emission

CO, 98.33%CH,&N,0 1%



Recycling

_ Recycling scenarios discussion
Food waste, paper, plastics

Food waste : high water content

will iIncrease the transport emission and decrease
the energy efficiency of the incineration power
generation



Results and Discussion

Recycling of Food Waste
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199920002001 2002 2003 20042005 2006 2007 2008 Recycling Policy turn on
Year
Food waste from 1999 to 2008, decrease 63.79%
Food waste recycling ratio was 0.52% to 8.94%(1999 -2008)

Food waste recycling ratio was 15 times form 4689ton/yr to
77516ton/yr(2003 -2008)



Results and Discussion

Recycling of Food Waste
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. Waste GHG emission from 0.81ton CO2 -eg/ton(2003)t0 0.94ton CO2 -
eq/ton(2008)

. Food waste recycling GHGs from 0.81ton CO2 -eg/ton(2003)to 0.87ton CO2 -
eq/ton(2008)

. GHGs total emission decrease with year average 6.67% by food waste

recycling



Recycling Scenarios

Perturbation Analysis (1)
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