
S1 Appendix. Coffee brewing control chart. As outlined in the main text, the
coffee brewing control chart is based on two measures, namely the extraction yield and
the brew strength. Calculation of the brew strength in the models in this paper requires
determination of the mass of brew that has exited the bed at a given time and mass of
soluble coffee that has exited the bed at a given time. Assuming the volumetric inflow
and outflow are the same, Q(t), the brew mass at time t is given by

Mbrew(t) =

∫ t

0

ρbrew(τ)Q(τ)dτ, (1)

where ρbrew(τ) is the density of solution exiting the bed at time τ . More explicitly,
considering the local Darcy volumetric flux u normal to the surface and the density
variation at the exit, this becomes:

Mbrew(t) =

∫ t

0

∫
Aoutlet

ρbrew(~x, τ)u(~x, τ)dAdτ, (2)

where Aoutlet is the surface at the outlet and dA is a surface element. In this paper, it is
assumed that the brew density is equal to the density of water at that temperature and
independent of soluble coffee concentration. Similarly expressions for the mass of
soluble coffee extracted into the coffee pot can be derived. The mass of soluble coffee in
the coffee pot at time t is given by:

Mcoffee(t) =

∫ t

0

cl(τ)Q(τ)dτ, (3)

where cl(τ) is the concentration of soluble coffee in solution exiting the bed at time τ .
More explicitly, considering the local Darcy volumetric flux u normal to the surface and
concentration variation at the exit this becomes:

Mcoffee(t) =

∫ t

0

∫
Aoutlet

cl(~x, τ)u(~x, τ)dAdτ. (4)

In either case, the coffee concentration on a mass per mass basis can be evaluated
using:

cbrew =
Mcoffee

Mbrew
. (5)

The strength in TDS% can be found as:

S(t) = cbrew × 100. (6)

Similarly the extraction yield (%) is given by:

Y (t) =
100Mcoffee

Mbed
, (7)

where Mbed is the mass of the dry coffee bed. It should be clear that the brew strength
and the extraction yield are related by a quantity similar to the brew ratio so that:

S(t) =
Mbed

Mbrew
Y (t). (8)
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This is actually slightly different from the brew ratio, since Mbrew may be different
to the mass of water used initially, due to water retained in the grains and the addition
of soluble coffee to the solution. Other reasons for small differences in these quantities
include initial moisture content in the coffee grains (3–4% [1]) and the existence of small
amounts of carbon dioxide in freshly ground coffee grains (1–2% [2]). These effects are
neglected in the current work. It is also important to note that the models used here
use concentration on a mass/volume basis and so results are converted to mass/mass for
display on the coffee brewing control chart, using the appropriate density at the relevant
temperature.
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