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RESULTS

INTRODUCTION
• Demand shedding through aeration control could
have a large impact on the DR potential of the plant.

Constant influent & open loop configuration
Constant influent simulation were
performed to isolate the variations in
the TSS dynamics associate with
particulate settling in the aerated tank.

• However, decreasing the aeration intensity may also
promote the settling of particulates in the reactor
mixed liquor.
• When the aeration is restarted, the solids
resuspension can affect the total suspended solids
dynamics in the plant, thus impacting on the effluent
quality.

When the aeration is off, solids are
retained in the tank.
The sludge concentration in the bottom
layer and the average concentration in
the entire tank increase.

OBJECTIVE

The TSS concentration leaving the tank
decreases.

Development of a mathematical model to simulate the
TSS dynamics in the plant, combining activated sludge
biochemical processes and particulate matter settling if
the aeration system is periodically turned off according
to DR programmes.

When the aeration is restarted, the
trends are reversed. There is a peak in
the TSS concentration leaving the tank
that could potentially overload the
secondary clarifier and results into
effluent quality violations.

METHODOLOGY
Benchmark Simulation Model No. 1 (Gernaey et al.,
2014) was extended by implementing a dual-layer
settling model into the last aerated tank.
• 1 hour aeration shut-down every day
• Constant influent simulation
• Dynamic simulations (dry, rain and storm weather)
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The reduction in aerobic volume
results in lower nitrification
performance and higher effluent
ammonia.
Denitrification is promoted, so
that the effluent total nitrogen
concentration decreases.
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Comparison between the original
BSM1 model and the one
combining reaction and settling
(BSM1_RS).

Higher concentration of
microorganisms produces higher
oxygen consumption. Neglecting
the settling would result into a
lower energy consumption
estimation.
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Once the aeration is turned off (5 pm), the solids
start to settle in the tank and the effluent TSS
concentration drops.
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A peak in the effluent TSS concentration can be
seen immediately after the aeration is turned on
again, due to the solids resuspension.
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Sludge blanket depth
𝑑𝑑𝑆𝑏
1
= 𝑚𝑖𝑥 ∙ −
∙ 𝑑𝑠𝑏 + 1 − 𝑚𝑖𝑥 ∙ 𝑉𝑆
𝑑𝑡
𝜏𝑚𝑖𝑥

𝑆𝑖 , 𝑋𝑖𝐵

𝑇𝑆𝑆 𝑎𝑣𝑒

concentration

Comparison between the original BSM1 model and
the modified BSM1_RS.
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CONCLUSIONS
• The BSM1 model was extended by implementing a dual layer settling model to simulate settling of
particulates in aerobic tanks when the blowers are turned off to shed energy consumption in DR.
• Simulations conducted with the modified BSM1 (BSM1_RS) model proposed in the present study show
reasonable trends for the TSS concentration in the aeration tank, in the secondary clarifier and in the
effluent. Results in line with expectations are also obtained for the biological processes kinetics.
• The developed model can bridge the knowledge gap about the effects of DR operation on biochemical
processes and WWTP performance. Thus, it can contribute to the integration of WWTPs into a more
dynamic energy market.
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