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Problem Statement

e Methane is a greenhouse gas 25 times more potent Excess to Grid < )
than carbon dioxide. Methane from cows is the 3rd B Co-Gen for Electricity and N
largest source (30%) of methane emitted in the US. Electricity & Recovered Heat Heat Generation Electricity & Recovered Heat Variable | Value | Units

e Adding just 0.1% bromoform-containing algae to cow (+14.6 GWh/yr) | Net GHG Reduction: 88%

Farm Size | 3000 | Cows

feed can reduce their methane emissions by 88% [1].
e (Growing microalgae as a dairy cow supplement on site

reduces transportation emissions and increasesthe | | oo ooo--

farms’ self-sufficiency.

Electricity:
Production: 7.6 GWh/yr
Consumption: 0.9 GWh/yr
Net Production: 6.7 GWh/yr

Upgraded Biogas Raw 20 GWhiyr

Energy

pH
control

*Total Bioreactor

|

: Co-Gen 31 %
: Energy Consumption®

I

1

| _ -
; Capital Cost: $15.6 Million Efficiency

I
I Electricity Sale Revenue (avg.

: $0.05/kWh): $335,000/yr

(-0.3 GWh/yr)

We propose a closed-loop system
for growing microalgae on dairy
farms where cow manure generates

Electricity | 7.6 GWhlyr
Produced

I
1 Payback Period (6% interest): 6

Algae Bioreactor

: : Dewaterino P <= o o=ty ) Heat 7.0 GWhlyr
energy qnd putrlents via an Drying oven (Centrifugg) Recovered
anaerobic digester to support the :
algae photobioreactors. Raw Biogas Sloreactor
Feed (9550 m¥d
Additive . 60% CH, Reactor 1350 | L
Ap proac h (0.1% DMi) MDD Well Water 40% CO, volume
< (EUCHY 1500 ppm H,S)
v Q Target 20 gDW/L
For the P3 project, we split the closed loop system into S biomass
idi 99.97% Effluent Liquid _ .
three areas, eaph providing key parameters to support the doriizon SO RN — Required | 20 Units
proposed solution to the problem statement. Separator (2 Million Gallons) bioreactors
Anaerobic Digester Modeling: Effluent Solids (screw press) (-0.6 GWh/yr)
H t 4000 | L/d
Inputs include; (bedding) arves

e Farm size, location, climate
Outputs include;
® Size, biogas production, heating energy requirement,
net energy produced
Algae Bioreactor Modeling:

Manure (191,000 kg/d)

People, Prosperity, Planet

Inputs include; This system offers multifaceted benefits, spanning across We currently have a working pilot plant with an
e Inclusion rate, biomass density, growth rates, people, the environment, and economic viability. anaerobic digester and, two small algae bioreactors.
bioreactor size :
Outputs include: e People: Mitigating global warming can positively Our futurg work InCIuFies:
e # of bioreactors, volume of water, energy consumption, impact people by preserving habitats, reducing the e Scaling up the pilot plant for
biogas requirements, digester effluent requirements spread of novel pathogens, and minimizing extreme complete energy and mass
Water Recycling Feasibility Experiments: weather events. balance assessment needed for (&

e 3 disinfection methods tested for treating digester economic feasibility evaluation.

efiuent: UV, Chiorination, Pasteurization T enmion o b fmancinty I fo formrs e et o
e Petri dishes were inoculated post treatment to _ g y e s digester effluent and water
determine sterility ensuring profitability and the continuity of family recyclllng for.algae production
e Results show effectiveness of UV treatment farms. This stability benefits local communities and e Creating a Life Cycle
economies, sustaining jobs throughout the supply Assessment for the system

. chain and supporting businesses in the area. * \lj\r/%tg%nwétgrl]?ﬂvzae:mers to
Experlmental Results e Planet: Ruminants like cows contribute significantly mplementation barriers.

to methane emissions, with approximately

Chlorination Pasteurization Ultraviolet 99+12 Tg CH4 yr-1 [2]. Reducing this by 88% would
- . . . markedly decrease GHG emissions and the
e Chlorine dose: e Temperatures: e Flow rates: \A’ m
0.2 mg/L - 8 60°C, 70°C, 80°C 0.025 GPM-0.5 environmental footprint of dairy farms. Ackno Iedge ents

mg/L e Residence Time: GPM

e NOT effective at 20, 30, and 40 min e Effective at Contributions were made by Clarkson’s
killing bacteria o NOT effective at killing bacteria Refe rences Environmental Engineering Senior Design grou
killing bacteria
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