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S1.  Estimating the Solids Retention Time (SRT)

The SRT of an ESF reactor is not the same as its Hydraulic Retention Time (HRT) due to the 

biofilm on the anode.  Likewise, the SRT of the entire ESF system is a composite of the SRTs of 

the suspended biomass and the biofilm.  Thus, a change to the HRT does not necessarily equal a 

change to the SRT system.  

A biofilm’s average SRT is the reciprocal of the biofilm’s average first-order detachment rate 

(bdet) (Rittmann and McCarty, 2001), which can be estimated a priori by

                        (Eq. S1)
𝑏𝑑𝑒𝑡 = 8.42 ∗ 10 ‒ 2(

𝜎
1 + 433.2(𝐿𝑓 ‒ 0.003)

)0.58

where Lf is the biofilm thickness (cm), Xf is the biofilm density (mg / cm3), and σ is the shear 

stress in dyne / cm2 (the same as g/cm2-s).  The  values in the MECs can be bracketed by 0.02 

dyne /cm2 to 1 dyne/cm2, based on modest to strong mixing intensity (Rittmann and McCarty, 

2001).  By using values this  range, Xf = 40 mg /cm3, and Lf = 0.01 cm, I computed a bdet range 

of 0.004 d-1 to 0.4 d-1. which leads to range of biofilm SRTs of 260 d to 27 d.  

Detachment of biofilm biomass augments the suspended biomass.  When the suspension receives 

input active biomass, its SRT increases according to Rittmann and McCarty (1):  

                        (Eq S2)

𝑆𝑅𝑇𝑝𝑙𝑎𝑛𝑘𝑡𝑜𝑛𝑖𝑐 =  
𝑋𝑎𝑉

𝑄𝑋𝑎 ‒ 𝑄𝑋0
𝑎

=
𝑋𝑎𝑉

𝑄𝑋𝑎 ‒ 𝑏𝑑𝑒𝑡𝑋𝑓𝐿𝑓𝐴𝑏

where Xa is the concentration of active biomass of the planktonic biomass, V is the ESF reactor’s 

working volume, Q is the volumetric flow rate, Q* Xa
0 is the detachment rate of the biofilm (and 



the rate of biomass addition to the suspension), XfLf is the mass of biofilm per unit surface area, 

and Ab is the biofilm surface area.  

An overall SRT can be computed for all of the biomass in the ESF reactor:  planktonic + biofilm.  

Starting from the definition of SRT and combining planktonic active biomass and biofilm active 

biomass, the SRToverall is:

                         (Eq. S3)
𝑆𝑅𝑇𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =  

𝑋𝑎𝑉 + 𝑋𝑓𝐿𝑓𝐴

𝑄𝑋𝑎
= 𝐻𝑅𝑇 +

𝑋𝑓𝐿𝑓𝐴

𝑄𝑋𝑎

Eq. S3 shows that the total SRT is always larger than the HRT due to the accumulation of biofilm 

biomass.  

Assuming an active-biomass concentration (Xa) of 3000 mg VSS /L in the suspended phase, a 

biofilm density (Xf) of 40 mg /cm3, and a biofilm thickness (Lf) of 0.01cm, along with known 

biofilm area of 49 cm2 and an anode chamber volume of 200 mL, Equations 5.S2 and 5.S3 yield 

the SRT values in Table 5.S1.  The overall SRTs are only slightly greater than than the HRTs, 

regardless of long or short HRTs (6 d vs 2d) and different shear stress caused by different mixing 

intensities (bdet = 0.004 or 0.04 d-1), because the suspended biomass (XaV) dominates the biofilm 

biomass (XfLfA).  Thus, it accurate to use the HRT as a surrogate of the overall SRT of the ESF 

reactors.



 

Table S 1 Calculated values of SRTplanktonic, SRTbiofilm, and SRToverall using assumptions of high 

and low shear stress.  All SRT values are in d.  

Low shear stress 

(0.02 dyne/cm2)

High shear stress

 (1 dyne/cm2)

6-d HRT

SRTbiofilm 250 25

SRTplanktonic 6.1 6.6

SRToverall 6.2 6.2

2-d HRT

SRTbiofilm 250 25

SRTplanktonic 2.0 2.1

SRToverall 2.1 2.1



S2.  Profiling of Microbial Communities in MEC-B

Figure S1.  Phylogenetic profiling of the ESF anode effluent in MEC-B (a) and biofilm in MEC-

B (b).  The horizontal axis presents the percentage abundance of the families based on the total 

reads of the 16S rRNA gene.  Functions associated with each family are shown to the left.  



S3.  Equations for Calculation of Extractability, Saturation and Lipid Recovery

Ext (%) = [Extracted LCFA COD (mg COD /L)]ESF / [Total LCFA COD (mg COD/L)]FB * 100%

(Eq. S1)

Sat (%) = [Saturated LCFA COD (mg COD /L)]ESF / [Total LCFA COD (mg COD/L)]ESF * 100%

(Eq. S2)

Rec (%) = [Total LCFA COD (mg COD /L)]ESF / [Total LCFA COD (mg COD/L)]FB * 100%

(Eq. S3)


