
METHODS     

RESULTS

Based on:

- Kinetics of substrate consumption

- Bacterial attraction towards substrate

- Diffusivity of substrates/intermediates

- Strength of chemotactic attractance of 

acidogens towards EPS of methanogens

- Cell agitation due to the upflow liquid flow
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Granule – a structural 

organization of anaerobic 

microorganisms during anaerobic 

digestion in the Upflow Anaerobic 

Sludge Blanket (UASB) reactor

OBJECTIVES

1. Develop a model of de novo anaerobic granulation based on     

emergence of multicellular organization from randomly mixed population 

of acidogens and methanogens. 

2. Apply developed model to determine cell ratio in a start-up inoculum for 

efficient anaerobic digestion.

Anna Doloman

PhD Candidate, Biological Engineering

Utah State University, Logan, USA

a.doloman@aggiemail.usu.edu

www.swbec.usu.edu

Modeling de novo granulation of anaerobic sludge
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Fig. 4: Validation of the de novo granulation model via qualitative analysis. a) Laboratory

image courtesy of Sekiguchi et al. (1999), where green fluorescence label was used for Bacteria

(represented by a single group of acidogens in current study), red fluorescence was emitted by

Archaea (represented by a single group of methanogens in current study), yellow color correlates

with overlapped red and green fluorescence and black color represents absence of fluorescence

hybridization, and thus, absence of cell biomass (denoted as dead core here). b) An image

of granule simulated with current model. Same color labeling of the cell types is applied. c)

Distribution of the three solutes defining simulation of granulation (glucose, acetate, methane)

at the final time point (t=800 hours) of the simulation.22
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Cells self-organize into a cluster 

due to agitation and mutual 

adhesion between two cell types.

Initial random distribution of two 

types of cells in a UASB-like 

environment.

t=0 hr t=1000 hr

Reactor scale simulation Single cluster scale

Constant initial acidogen count = 100

Constant initial methanogen count = 100

Future work

Model validation
Laboratory image 

(Sekiguchi Y. et al., 1999)
Simulated image from our model

Application: determining cell ratio for the start-up inoculum

1. Validate model with additional experimental data.

2. Expand model for digestion of a more complex feedstock 

(protein or carbohydrate rich).

3. Incorporate influence of physical forces on granulation 

process in the model. Include forces such as sheer stress, 

division of granule into daughter clusters and addition of 

granulating agents (positively charged ions and particles 

of polymers).
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