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Green Roof

• Green roofs – roofs with vegetation planted on designed growth 
media – has been developed with a main objective of enhancing 
stormwater management. 

• Green roofs generally decrease runoff peak flow rates and runoff 
volumes, and delay the peak flow during the storm events, 
thereby lowering the risk of urban flooding [1]. 

• Biochar, which is a product produced by pyrolyzing biomass at 
>250˚C under oxygen-limited conditions [2], has been proposed as 
ideal substrate additive for green roofs.

• Biochar properties include high water retention capacity [3],[4], low 
bulk density [5], and low mineralization [6]. 

• We investigated effects of post-processing biochar, including 
granulation and sieving to alter the particle size range.

Biochar

v How do biochar processing methods affect biochar 
water retention capacity and substrate hydraulic 
properties?

v How do biochar processing methods affect 
discharge quantity on green roofs?

Measurements:
• Biochar water retention capacity
• Green roof modules: total discharge volumes and peak 

discharge rates 
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Fig. 1. Water retention capacity of direct sieved and ground and sieved biochars (a) and pelletized and conventional 
biochars (b). Means are plotted ± 1 SE based on triplicate measurements within each treatment.

Ø Sieved biochars and conventional biochars had higher water retention capacity 
than ground biochars and pelletized biochars of similar particle sizes, 
respectively.

Ø Smaller-sized biochars had higher water retention capacity than larger-sized
biochars for two post-processed biochars and conventional biochar. 
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Biochar types and particle size ranges:
• Maple biochar was directly sieved or ground and sieved to 

two size classes (0.06-0.5 mm and 2-4 mm)
• Unprocessed and granulated conifer biochars were 

compared following sieving (into a total of 6 size classes)

Green Roof Module Discharge
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Fig. 2. Total discharge volume (a) and peak discharge rates (b) of green roof modules with biochar treatments and 
control. Means are plotted ± 1 SE based on triplicate measurements within each treatment.
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ØSurface-applied conventional and pelletized biochars reduced total discharge 
volumes and peak discharge rates under the moderate rainfall events.

Biochar Water Retention Capacity

§ Smaller-sized biochars can mechanically obstruct the 
existing pores in soils by filling the voids between 
biochars[4].

§ Biochar processing methods may influence biochar 
properties (e.g., porosity and surface areas), thereby 
altering biochar and substrate water retention [4].

Overall, biochar increased substrate water retention capacity. 
Processing biochar, including manipulation of biochar particle 
size, influences biochar hydraulic properties.

Green Roof Module Discharge

Conclusions and Future Research

Biochar treatments mitigated green roof discharge quantity at 
under moderate rainfall.
§ This is consistent with increased water-holding capacity of 

biochar-amended substrates.

ü Biochar processing methods, in particular the manipulation 
of biochar particle size, influence biochar water retention 
capacity, thereby affecting discharge quantity on green 
roofs.

ü Future research needs to focus on designing biochars with 
appropriate properties to optimize biochar water retention 
capacity, discharge quantity, and enhanced water quality.
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