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Upflow Anaerobic Sludge
Blanket Reactors

The fabrication of small-scale packed bed UASB reactors.
More information can be found on the AguaClara wiki page -
(UASB)
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Wastewater Around the World

*“Up to 90% of wastewater in
developing countries does not
undergo treatment” [1]

*Environmental and health
hazard

:g AguaClara
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Current State of Treatment ~

High capital/operating costs and large energy demand
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not feasible in rural and impoversihed regions due to high cost and inability to treat low flows
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Develop low cost, low energy, small scale wastewater treatment
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Overview of UASB Technology

(Chong et al. 2012)

The Upflow Anaerobic Sludge Blanket Reactor
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> influent wastewater contains chemical
oxygen demand (COD)

> granular biomass of a mixture of
bacterial species form a sludge bed and
fluidized sludge blanket

> granules process the COD to produce
biogas (Methane and Carbon Dioxide)

> biogas is captured by Gas-Liquid-Solid
(GLS) separator
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Lessons learned from previous teams
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Gas collection is challenging!
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summer 2013: Challenges: Poor treatment efficacy
> Biomass washout, granular

disintegration, scaling
rall 2013: Challenges: inability to collect significant data for gas production

> Leaks, lengthy startup time

Spring 2014: Challenges: inconsistencies between theoretical and
experimental gas production, inconsistent COD feed concentration

delivery, and vessel leakage

Fall 2015: Challenges: inability to collect significant data for gas

production

> Leaks, lengthy startup time

Caption your figure and explain its relevance to your presentation/thesis here. You can take the
caption from your Final Report and modify it.
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Focus of This Semester ~

Building a set of small-scale reactors
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Moving from spacious teaching lab to the more snug AguaClara lab imposed some size limitations.
Previous large reactors were unstable and broken after falling over.

New reactors were designed to better suit the lab space.

This gave us the opportunity to redesign the reactors to eliminate inefficiencies and issues caused by
the old design.
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MathCad Reactor DeS|gn ~

264../

P10 354 5 37

4 hr HRT. Upflow velocity 0.05 mm/s
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Constraint: HRT fixed at 4 hrs and upflow velocity at 0.05 mm/s

Performed all calculations for Sch40 PVC from 0.5” id to 3.5” to determine the
optimum inner diameter

Reactor height required calculated based on constraints HRT*Vup - 2.36 ft

Calculated reactor volumes

Calculated flow rates required for water and influent wastewater to deliver necessary
3gm/L/day COD loading

Determined that for our system, with the bench space and pumps available that 1” is
optimum diameter
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Design Process
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> The team had very little fabrication experience, so
training was needed. Threading, sanding, cutting,
glueing

> 4 identical reactors

> Minimize number of ports into and out of reactor to
maintain air-tightness

> Head unit
> Option for methane sensors for gas production
qguantification
> Narrow head unit for more frequent offgasses
with old methane sensing method




:g AguaClara
Benefits of New Design
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> Properly sized for the new lab space
> Easily secured to lab bench

> Simplified inoculation and maintenance with new
design

> Skills gained from fabrication
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Drawbacks of New Design

UASB | Research | Final Presentation Spring 2016

> Rising plugs of granules- Air cannot navigate through the densely
packed granules and causes plugs of them to rise up the body of the reactor.
The narrow body of the reactor provides too much drag and overpowers the

force of gravity




Drawbacks of New
Design %

:Qy AguaClara
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> Daily maintenance- need to change influent and
effluent tanks every 18 hours

> Cluttered lab space
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Gas Collection!
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> Efficient use of pumps

> Reduced daily maintenance

> QObstructions to breakup plugs
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Gas Collection and Experimentation!
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> Reactors will used for research over the summer

> Analyze effect of oxygen stress on culture resiliency,
methane production, and COD treatment efficiency

> Analyze the biomass response to a variable influent
COD concentration and highly concentrated
blackwater
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Questions
and
Recommendations

Mason Minot Evan Greenberg
M.S. CBE B.S. BEE

mm2674@cornell.edu ecg77@cornell.edu
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(Mes et. al 2003)
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Mathcad Design

Reactorygiont = VUpReactor HRTReactor = 2362t

Determine reactor height based on upflow velocity and
hydraulic retention time
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Diameter of Sch40
PVC available

REQUIRED reactor inlet ficw rates to maintain the HRT
and Vup
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Mathcad Design
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