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Introduction

 

APC residues

Legend:
1- Refuse Collection Vehicle 7- Forced -Draft Fan 13 - Economiser

2- Refuse Storage Pit 8- Undergrate Air zones 14 - Semi -dry Scrubber

3- Refuse Handling Crane 9- Furnace 15 - Fabric Filter

4- Feed Hopper 10 ïBoiler 16 - Induced -Draft Fan

5- Feeder 11 - Ash Bunker 17 - Stack

6- Grate 12 - Superheater 18 - Fly Ash Conveyor

[IAWG, 1997]

MSWI Industrial Process (region of Lisbon)



1- Introduction

Air Pollution Control (APC) residues–fine inorganic particulate material,

considered as hazardous waste (toxic heavy metals and soluble salts)

•According to regulations in force, it must be treated before landfilling

•Solidification/stabilization (S/S) treatment and landfilled

•….

•Valorization in ceramic or glass-ceramic materials

Lightweight Aggregates (LWA)

to be further used in concrete

What options are valid for this waste?
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Lightweight Aggregates Industrial Process
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Lightweight Aggregates ςNatural clay

Figure –Riley diagram.
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Lightweight Aggregates ςNatural clay

APC residues

Figure –Images obtained by heating microscopy, for different temperatures (Leitz 2A).
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Lightweight Aggregates ςNatural clay/APC residues

Riley area

APC residues

Natural clay

Washed APC residues (1 extraction)

Washed APC residues (2 extractions)

Effect of APC residues incorporation in LWA



1- Introduction

In this study, production of synthetic aggregates from combustion ashes 

were tested

•< 3% APC residues 

•< 5% APC residues pre-washed

Acceptable technological properties

and 

the environmental impact (assessed by leaching tests) is not significant

Previous studies showed  good results when



1- Introduction

Analysis of the industrial production phase of LWA  from natural clay

Life Cycle Assessment (LCA)

Is used to identify and qualify the environmental 

performance of a process or a product from 

“cradle to crave”.

In this study:

Simapro 7.0 

Analysis of the industrial production phase of LWA  including APC residues

From MSWI



1- Introduction
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1- Introduction

Four phases (ISO 14040:2005) 

LCA framework involves, in general

Goal 

Definition 

and Scope

Impact 

Assessment

Inventory 

Analysis
Interpretation



2- Experimental Methodology

Goal Definition and Scope

Analysis of environmental impact of the production of 1 kg of LWA, and 

compare it with a functional unit by incorporating APC residues.
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2- Experimental Methodology



2- Experimental Methodology
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Data was collected at an industrial plant in Portugal in 2008.

CASE 1 LWA produced with natural clay



2- Experimental Methodology

Grinding Mixing

Burning 

in 

Furnace

Cooling Packing

1 kg  Clay, 

Diesel

Transport

Diesel Electricity

Elect., 

water, oil
Elect., petroleum 

coke
Elect., 

water

Elect, 

packing film 

1 kg LWA

Transport

UseEnd-life

Raw 

materials 

extraction

Emissions 

to water
Emissions 

to air

Emissions

to soil

0,1 kg APC residue

Transport

System Boundary

Inventory Analysis

CASE 2 LWA produced with natural clay+ APC residues from MSWI



2- Experimental Methodology

Impact Assessment

Characterization

Normalization
Show to what extent an impact category has a significant

contribution to the overall environmental problem.

Define impact categories and global effects are calculated

for these impact categories.

Impact Category Units Normalization Factor

Abiotic depletion kg Sb eq 6.74E-11

Global Warming kg CO2 eq 2.08E-13

Ozone layer depletion kg CFC-11 eq 1.20E-8

Human toxicity kg 1,4-DB eq 1.32E-13

Fresh water aquatic Ecotoxicity kg 1,4-DB eq 1.98E-12

Marine aquatic ecotoxicity kg 1,4-DB eq 8.81E-15

Terrestrial ecotoxicity kg 1,4-DB eq 2.12E-11

Photochemical oxidation kg C2H4 1.21E-10

Acidification kg SO2 eq 3.66E-11

Eutrophication kg PO4
2- eq 8.02E-11



2- Experimental Methodology

CASE 1 ïLWA with Natural Clay

Impact Assessment



Impact Assessment

2- Experimental Methodology

CASE 1 ïLWA with Natural Clay



LWA 

CASE 1 CASE 2

Impact Category Natural Clay Clay + APC 

residues 

Abiotic depletion kg Sb eq 0.00189 0.00191

Global Warming kg CO2 eq 0.477 0.480

Ozone layer depletion kg CFC-11 eq 9.90E-8 9.92E-8

Human toxicity kg 1,4-DB eq 0.0539 0.0592

Fresh water aquatic 

Ecotoxicity

kg 1,4-DB eq 0.00777 0.00789

Marine aquatic ecotoxicity kg 1,4-DB eq 79.8 79.4

Terrestrial ecotoxicity kg 1,4-DB eq 0.000499 0.000501

Photochemical oxidation kg C2H4 0.000166 0.000166

Acidification kg SO2 eq 0.00339 0.00340

Eutrophication kg PO4
2- eq 0.000192 0.000195

2- Experimental Methodology

Impact Assessment



3- Results and Discussion

•Most significant impact category is on the Marine Aquatic Ecotoxicity, followed 

by abiotic depletion, global warming and acidification

•Minor impact categories is on the ozone layer depletion followed by human 

toxicity, fresh water aquatic ecotoxicity, photochemical oxidation and 

eutrophication.

As expected, the burning in furnace phase corresponds to the most 

determinant phase.

CASE 1 ïLWA with Natural Clay



3- Results and Discussion

CASE 2 ïNatural Clay + APC residue

•The impacts on abiotic depletion, global warming, human toxicity, fresh 

water toxicity, acidification and eutrophication are increased in a very low 

percentage.

•Impact on marine aquatic ecotoxicity decresases slightly 

… possibly due to lower electricity consumption in grinding



4- Conclusions

Main impact categories are related with energy consumption:

•Marine Aquatic Ecotoxicity

•Abiotic depletion

•Acidification

•Global Warming

The phase of industrial process that generates more environmental 

impact is the burning in furnace

Our results are in agreement with literature when ceramic products are analyzed



4- Conclusions

When 10% of the APC residue were incorporated in LWA the increase of the

impact categories are not significant, taking into account that the functional unit

was 1 kg LWA in the final of the process.

Valorization of APC residues in LWA may be a sound solution for this hazardous

waste, in what respect environment impact.

In future, the technological properties of LWA should be studied in detail.

Previous studies showed that a pre-washing stage in strongly recommended.
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