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Outlines

 Life cycle and environmental impact assessment of 

solid waste systems

 Energy issues in solid waste systems

 Incineration system of MSW from an LCA perspective
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1 LCA of waste systems

Waste hierarchy

Waste management has in the last decades in many countries 

been governed by the WASTE HIERARCHY

- Prevention, avoidance

- Material recycling

- Utilization

- Landfilling

 Environmental impact from waste management is an important 

indicator for technology and system evaluation
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Waste Management Strategy in Europe

1 LCA of waste systems
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Waste Management Strategy in Europe

6

-120

-100

-80

-60

-40

-20

0

20

40

60

DE DK FR UK IT PL EL DE DK FR UK IT PL EL DE DK FR UK IT PL EL DE DK FR UK IT PL EL DE DK FR UK IT PL EL

GWP100 FEP MEP TEP AP

m
P

E 
/ 

FU

Collection Composting Recycling WTE WTE_recycling MBT MBT_recycling AD Landfill TOT

• Waste composition

• Technologies (and quality)

• Energy systems

• Infrastructure
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Input: amount to recycling facility

Output: amount of recovered material

The value of what is being 
substituted – i.e. not being 
produced elsewhere

Paper (clean), glass, 
iron, aluminum

Plastic, organic waste, 
C&Dwaste
Fuels and energy

 According to the Hierarchy, a high recycling percentage is good

 In a life-cycle context the achievements are differently defined
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 How is recycling addressed

1 LCA of waste systems



 Life cycle assessment (LCA)

 In 1980’s LCA was introduced to address environmental issues of a 

product in all its life stages, “Cradle-to-grave” 

 Accounts for all resource uses and environmental emissions for the 

main system (operation), all upstream activities and all downstream 

activities

 Aggregates all emissions into potential impact categories; global 

warming potential, etc.

 Offers normalization to person-equivalents transferring complex issues 

into understandable units
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 Traditional LCA systems

Waste LCA systems

Heterogeneous 

material 

composition

Source 

separation

Treatment  with 

more outputs

Return flows

Disposal phase 

is complex

Emissions 

depend on 

composition of 

input
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 LCA in waste management is real

 EU has introduced life-cycle-thinking in their thematic strategies and in 

the Waste Directive

 The WASTE HIERARCHY still rules but LCT can be used to address 

the balance between recycling and utilization

 LCA reflects the environmental issues much better than the hierarchy 

and aggregates the complex information into communicable numbers 

and provides real insight into the system allowing for future 

improvements in system set up, choice of technology and for operation. 
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 LCA in waste management

 Used in many cases in EU, USA, Canada, Japan, China etc. (Only UK 

and USA have governmental LCA tools)

 Industries (packaging), national government, local government, 

technology developers

 A variety of boundaries, impacts and technological data. No consensus 

about  approach

 Still an approach in its youth although 15 years of age
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 An LCA consists of 

four steps

Defines the system so that it addresses 

the question and allows for comparison

Describes the technical systems, provides 

data and calculates the overall load from 

the system

Converts technical results into potential 

impacts and normalize the results

Interprets the results. Answers the 

question 

Often 2-3 or 

more iterations 

are needed

For each process/ technology we 
need info about:
•Mass balances/substance balances
•Energy budgets 
•Emission accounts
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2 Energy issues in waste system
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 Interactions Energy-Waste system: GHGs emissions

Energy

61%

Industry

3%

Land use 

change
19%

Agriculture

13%

Waste

4%

World Resource Institute 2008:World Greenhouse Gas Emissions: 2000.

Available at: http://www.wri.org/chart/world-greenhouse-gas-emissions-2000.
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 Energy savings are dominating wrt GWP

Example: 

Organic waste

to incinerator or 

to anaerobic digestion

2 Energy issues in waste system



17

 CO2-emissions from electricity production

Room for improvement in 

reducing CO2-emissions

2 Energy issues in waste system
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 CO2-emissions from electricity production

Turconi, R., Boldrin, A., & Astrup, T. F. (2013). Life cycle assessment (LCA) of 

electricity generation technologies: Overview, comparability and limitations. 

Renewable and Sustainable Energy Reviews, 28, 555-565.

Waste incineration

Energy from incineration 

is much cleaner than most 

fossil energy

2 Energy issues in waste system
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 Important issues in LCA – fossil or biogenic CO2

2 Energy issues in waste system
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 Important issues in LCA – fossil or biogenic CO2

 Biogenic CO2 is CO2 neutral (taken up by e.g. forest trees, released 

again when the wood is incinerated, i.e. emissions equal each other out)
• GWP = 0

 Fossil CO2 is not neutral → net contribution when released since 

captured millions of year ago
• GWP = 1

 C-biogenic bound: biogenic carbon that is bound in soil e.g. in landfill 

and is not supposed to release for years
• GWP = - 3.67 kg CO2-eqivalents/ kg C bound

2 Energy issues in waste system



3 Incineration from a view of LCA
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 “Incineration” to “Waste to Energy”



 Incineration in China

http://www.waste-cwin.org/map/node
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 Municipal Solid Waste in Beijing

 Generation in 2015 – 7.90 Mt: Around 21,700 t/d

 Design Capacity of Facilities: 10,350 t/d in 2006 → 21,970 t/d in 2015

Appr. 70% is provided 

by incineration and 

biotreatment
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 Incinerator

Bottom Ash

Air Pollution Control 

(APC) Residue

Air Emissions

Elect.

Heat

Waste

Energy 
input

Material 
input
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 LCA modelling of incineration

Generation
Source 

separation

Collection  Transport             MRFs

Transport of plastic    Recycle

Collection   Transport        Incineration

of residues

fly ash,

bottom ash

landfill

Paper

Glass

Residue

To be expanded
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 LCA modelling of incineration

 Inventory analysis

Waste: 100

Lime,

act. carbon,

water, etc.

Emissions

to atmosphere

Heat

Electricity

Fly ashBottom ash

Incinerator

2 basic approaches:

- input related

- process related

3 Incineration from a view of LCA



 LCA modelling of incineration

 LCA modelling in EASETECH

Set losses from 
moisture

Set transfers to stack, solid 
outputs, energy recovery etc.

Heat substitution 
process

Electricity 
substitution process

Different transfers set 
here. This example is for 
Energy

Process specific 
emissions and external 
processes go here.
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 Environmental impacts of incinerating MSW with auxiliary coal 

- A case of modelling incineration
Information of the City (2012): 

Annual coal production: 0.61billion ton

Installed capacity of coal power: 4.6 million kW h

Population density: 9565 inhabitants/km2

MSW generation: 280 t/d

MSW unit generation rate: 1.27 kg per person per day

The overall LHV: 4342 kJ/kg

3 Incineration from a view of LCA



 A case of modelling incineration

Scenario Source 

separation

Auxiliary coal Heating 

value

Emission 

standard

A N Excessive (4:1) 7500 kJ/kg Old

B N Moderate 5500 kJ/kg Old

C N Excessive (4:1) 7500 kJ/kg New

D N moderate 5500 kJ/kg New

E Y – Ash Excessive (4:1) 7500 kJ/kg Old

F Y – Ash moderate 5500 kJ/kg New

3 Incineration from a view of LCA



 A case of modelling incineration

Waste management system: 
• All MSW is collected in mixed form into 6 m3 containers by trucks

• 280 containers transported to facilities by 10 trucks

Incinerator information
• 17 km away from the downtown area

• Capacity: 700 tons/day

• Incineration technology: circulating fluidized bed with power generation

• Air pollution control technology: dry process + carbon adsorption + bag-type dust 

removal

• Fly ash: landfilled as hazardous waste

• Bottom ash: non-hazardous waste

• Power generation capacity: 1.63×108 kW h when incinerating 700 tons/day for 365 days, 

where 1.24×108 kW h is for external offering, and 0.39×108 kW h is for internal use.

3 Incineration from a view of LCA



 A case of modelling incineration

Input and output inventory

• Materials

• Fuel

• Energy

• Emissions

3 Incineration from a view of LCA



 A case of modelling incineration

ETs: ecotoxicity in soil;  

NE: nutrient enrichment

POF: photochemical ozone formation

OD: ozone depletion

AC: acidification

GW100: global warming (100 years).

• Scenarios A and B

– The potential impacts from collection and transportation primarily contribute to global 

warming and photochemical ozone formation.

– flue gas purification and recovery efficiency of electricity in incinerators are considered 

key parameters for environmental impacts and should be given considerable attention in 

MSW system management.

3 Incineration from a view of LCA



 A case of modelling incineration
• Scenarios A and B

– In Scenario B, only 70 kg/t waste of auxiliary coal was 

needed, with an LHV of 5500 kJ/kg

– The impacts on global warming are significantly 

improved with less auxiliary coal

– Fewer emissions, such as NOx and SO2, are avoided 

because of reduced power generation. 

3 Incineration from a view of LCA



 A case of modelling incineration
• Scenarios C and D

– After the new standard was implemented, waste incineration with excess auxiliary coal presented fewer 

advantages than before, and the impacts on acidification and nutrient enrichment turn into loads from savings.

– Co-incineration of waste and a mass of coal is not recommended in MSW management. Further considering 

the low LHV of mixed waste and high percentage of ash and dust, direct incineration is probably unsuitable 

for MSW disposal in this city.

Fig. 3. Normalized potential impacts of the incinerators on

acidification and nutrient enrichment in Scenarios C and D.
Fig. 4. Normalized potential impacts of the incinerators in

Scenarios C and D.

ETs: ecotoxicity in soil;  

NE: nutrient enrichment

POF: photochemical ozone formation

OD: ozone depletion

AC: acidification

GW100: global warming (100 years).
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 A case of modelling incineration
• Scenario E and F

– When two-thirds of ash is source-separated and landfilled, the LHV of rest-waste is calculated as 

5.5×103 kJ/kg, which is sufficient for incineration without auxiliary coal.

– Incineration in Scenario E presents impact savings on global warming. This finding is primarily attributed 

to the absence of auxiliary coal in Scenario E.

– the impacts to global warming turn negative because of the counteraction between electricity 

substitution and waste specific emissions.

Fig. 5. Normalized potential impacts of the MSW system with ash separation Fig. 6. Normalized potential impacts of the incinerator in Scenarios F.
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Wrap-up

 The environmental impact potentials of incineration systems are balance 

between loads and savings

 The energy substitution is crucial to the performance

• With marginal energy substitution, the dirtier the better

 Decision making on future waste management systems must take place 

on a system level – not on a single technology level

• In the case above, ash separation of is probably more important than food waste

 LCA and modelling tools are useful and helpful in understanding the 

current and even future processes from a systematic perspective
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Thanks for your attention

Further communication is welcome

Yan Zhao   PhD. Associate Professor

School of Environment, Beijing Normal University
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