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“All biomass are equal, 
but some are more equal than others”



Analysis

Life Cycle Assessment

4

Thakur et al. Applied Energy 2014:128,246-53

M&E Balances (LCI)
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All biomass are equal



Analysis
Temporal Life Cycle Climate Change Impact Assessment
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But some are more equal than others
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Case Example
Temporal Life Cycle Climate Change Impact Assessment
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NBCD, 2000

Tons per hectare
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Concentration of organic 
carbon in NE USA



Scenario description 
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Heating 
oil

Natural 
gas

Forest
biomass

Willow

Conventional 
heating   
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District 
heating
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Heating infrastructure 
installation 
Heat production 
(combustion) 
Land Use Change 

Case Example



Model description
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Case Example

Economic and 
environmental 

evaluation

Selection of 
locations – natural 

gas and forest 
biomass

Temporal 
inventory of 

GHGs

Process 
emissions 

data 
(SimaPro)

Below ground 
LUC data 
(CCLUB 
SCSOC )

Temporal 
decay of 

GHGs

Radiative 
forcing 

GHGs: IPCC Berns cycle

Measure of earth’s 
heating 
(Watt/m2-year-MWh)

80 % 1-5 years
20 % 6-30 years
O’Hare et al. 2009

Soil Carbon 
sequestration 

data
For short rotation woody biomass
Pacaldo, Volk & Briggs 2013

For short rotation 
woody biomass

ArcGIS, MODEST
Bjørnebo et al. 2018

Forest carbon 
decay data

From McKechnie 2013
exp(-0.05t)



Timelines District Heating
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Case Example

DH network
installation

EMISSIONS 
TIMEFRAME

IMPACT 
TIMEFRAME

FOREST RESIDUES SLOW DECAY

FOREST RESIDUES

WILLOW

NATURAL GAS

-1

0-2-3 3 30 100



Results - RF
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Natural gas

CH, forest res

DH, forest res
DH, willow, cropland

DH, willow, pasture land



Conclusions

Temporal aspects of bioenergy

Carbon stocks, sequestration and land use change
(incl. temporal analysis helps in setting the right system 
boundaries, may assist consequential approach)
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Thank you
pieter.billen@uantwerp.be





Results - CRF
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