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Introduction

Policies promoting bioenergy 
production from forest residues

200 THOUSAND TONS OF ASH ARE PRODUCED ANNUALY IN 
PORTUGAL FROM POWER PLANTS FUELLED BY FOREST BIOMASS   

•Climate change mitigation

•Forest fire prevention

This amount of ashes is projected to increase



Introduction

In Portugal, less than 10 % 
of the ashes are recycled

adsorbents

End-of-life alternatives for 
woody biomass ashes 

agriculture

ceramics

construction materials

glass

Concrete

Asphalt

Cement mortar



Objective

HOWEVER, environmental 
aspects should be assessed

Entire life cycle

Several impacts

Environmental
sustainability

The objective of this work is to evaluate 
the environmental benefits and impacts of 

ash incorporation in cement mortar.



Methodology

Eucalyptus globulus
and Pinus pinaster

Residues left in 
the forest floor

Logging residues for 
bioenergy

Fluidized bed

Fly ash (FA)

Bottom ash (BA)

Electricity



Asphalt

Landfill

Avoided burdens

Energy 

conversion

Ash 

processing
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Sand
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Base scenario (Landfilling)
- The landfilling scenarios for woody biomass ash under study are, as follows:

• FA landfilling.

• BA landfilling.

- The landfill gas is partially captured and used to produce electricity. 

- A short-term leachate treatment for leached ash was included.

- The life cycle inventory was built upon the existing models available for waste disposal in Ecoinvent 

(Doka, 2003; Ecoinvent, 2017), according to the ash composition.

Landfill gas

Leached



Valorisation scenarios

Scenario 1: cement mortar with FA (substituting cement in 10 %).

Scenario 2: cement mortar with FA (adding 20 % to the mortar).

Scenario 3: cement mortar with BA (substituting the sand in 50 %). 

Scenario 4: cement mortar with BA (substituting the sand in 100 %) 

with ash pre-treatment (washing and drying).

Cement 
mortar

• The production of sand and cement and all upstream activities were taken from Ecoinvent database.

• Both ashes are grinded and sieved to achieve the desired size.

• In scenario 4, the ash was previously washed with deionised water (liquid/solid ratio of 2 L/kg) with a running

capacity equal to 10 ton/h (Modolo et al., 2013). The average weight loss of fly ash on washing is equal to 12 %

(Berra et al., 2015). The ash is dried to remove excess moisture with an average energy consumption of 0.2 MJ/kg

(Kasser and Pöll, 1998).



Transportation

Table 1 presents the transport profiles in the different systems and the distances considered for woody biomass ash and the

avoided materials.

aThis distance corresponds to an outward journey, based on distances of existing facilities in Portugal.

Inventory data for diesel consumption and air emissions were taken from the Ecoinvent database (Ecoinvent, 2017).

Material transport Distance (km)a Type of transport Load (t) Return journey

Power plant to landfill

FA and BA 15 Freight lorry, EURO 3 7.5-16 Empty

Power plant to mortar facility

FA and BA 35 Freight lorry, EURO 3 7.5-16 Empty

Avoided materials to concrete and mortar facility

Cement 0 Freight lorry, EURO 3 16–32 Empty

Sand 30 Freight lorry, EURO 3 16–32 Empty



Results (ILCD methodology)

Figure 1 presents the environmental impact and the relative contribution of each stage, obtained for the base.
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Results (ILCD methodology)

Figure 2. Impact assessment results for valorization scenarios.
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Results (ILCD methodology)

Figure 3. Net impact results in each scenario (1 to 4) per functional unit.
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Conclusion

The production of cement mortar with bottom ashes avoids the extraction of sand and the production with fly ashes

avoids the emissions during cement production.

The best end-of-life scenario is:

• Fly ashes

• Bottom ashes

The environmental impact of ash valorisation in cement mortars are lower than the impacts of ash landfill.

Therefore, the production of cement mortar appears to be an end-of-life destination environmentally adequate for the

woody biomass ashes.

Scenario 1: cement mortar with FA (substituting cement in 10 %).

Scenario 2: cement mortar with FA (adding 20 % to the mortar).

Scenario 3: cement mortar with BA (substituting the sand in 50 %).

Scenario 4: cement mortar with BA (substituting the sand in 100 %) with ash pre-

treatment (washing and drying).
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