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Lack of access to sanitation by continent

Sanitation is . Mid. East
generally good in

North America and 15'%:J
Europe (0.7%)

Latin America
20% without
proper sanitation siAdia
50. 9% of GDP is ATiich 59%
ost every year as %
a result)} i 70% (2.9%)
(4.3%)
Oceania
45%
(1.6%)

Portion of population

Energy consumed Energy consumed annually
annually for water (assuming 3%, tera
(tera tons oe) tons oe

USA 2.4 0.07
Ghana 0.01 ?

Is it possible to link sanitation with
higher value chain biofuels and

Often limited by access to reliable . . A
energy inputs and chemicals commodity chemicals:
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P Our approach

Domestic and
Food waste

Faecal sludge Channel thr Ough Commodity
fermentation chemicals, lipids,
Municipal solid platform biodiesel
waste A
Animal by-

product waste
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This presentation focuses on
Complex organic

pOIYme b Hydrolysis

Foundation for resource recovery through anaerobic
— C-conversions

Sugars, amino acids

VFA

Acetogenesis

Options for carbon recovery to fuels and chemicals

Nitrite

Oxidation of ammonia as the
primary energy source for energy
metabolism

Water

Ammonia Resource efficient options for wastewater
Mechanor treatment and sanitation

Oxidation of methane via co-
metabolism, without net energy
synthesis

Methane m



Anaerobic
) Digestion
Complex organic

P olymers Hydrolysis
Sugars, amino acids
Acidogenesis
VFA
Acetogenesis
Acetic acid
Methanogenesis
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Anaerobic
) Fermentation
Complex organic

P olymers Hydrolysis
Sugars, amino acids
Acidogenesis
VFA
Acetogenesis

HRT ~ 2d Acetic acid

* Fermentation is more advantageous than just anaerobic digestion

* Fermentation can be incorporated into existing digestion processes Gip



Fermentation as a platform for resource recovery

Dairy waste

Building block

Biomass feedstocks chemicals .
re) Secondary chemicals Industrial products
Food waste HO\[/\/\).K Intermediates Todunial
L. R ~ Acrvlates., Acrvlamides. Corrosion inhibitors, dust
Agricultural waste O Adipicacid B ry}lydr:)xy-::};t ta . control, boiler water
treatment, gas purification,
. Emulsifiers / emission abatement, specialty
Mu‘r’j‘:ipa‘l solid waste Intermedlate OH \ ’d lubricants, hoses, seals
Fermentation products N
b7 ] 5 Antifreeze, .
Waste activated slud platfotms / ~3| Propylene glycol, malonic, A . i Textiles
&= Glycer()l 1,3-PDO, diacids, propyl = ;elcers Carpets, Fibers, fabrics, fabric
_ . = eagent ings, fi shions
Faecal slud / alcohol, dialdehyde, epoxides e . coatings, foam cushions,
ge /. Ci O OH ilding unit % upholstery, drapes, lycra,
trate O .
Q /| ! 7‘ PEIT pol: spandex
. - polymer
Abattoir waste )‘I\ 7 - 3 1,5-pentanediol, itaconic " - pocation
H.C OH Pe HO OH OH| derivatives, pyrrolidones, esters 5 Chelating , \ Fuels, oxygenates, anti-frasse,
3 Acetate ' agents ’ wiper fluids molded plastics, car
O (0] Polyacrylates seats, belts hoses, bumpers,
Anaerobic ~ /\)_I\ Acrylates, Acrylamides, Esters, corrosion inhibitors
. L -—1—>»| 1,3-Propanediol, Malonic acid -
fermentation HO OH d oth Polyhydroxy Environment
i [e) ; and others polyesters / Water chemicals, flocculant:
Propionate N 3-Hydroxypropionate \ / =\ s s,
[ Sﬁecial ‘ p .o chelators, cleaners and
) chemic V4 detergents
O 4 /\/\OH Butyl xanthate, butyl acetate, I ' intermediate ’ $ tergents
] §J - ic aci f=mmeeEE o
/\')'l\ ' O n-butanol |_| 5| buyl but{rst:&, sel:.:almc acid, | ! Sotvere , y ‘ Housing supplies
stearic aci A s .
[T { \ Al Paints, resins, siding, coatings,
Butyrate OH /l\/ Iso-butanol _ e /A £ s > > »
(8] Hydroxy succinate 4 dones | A | s
—=! HO | derivatives A/ Food industry
- OH hydroxybutyrola,ctone p Plasticizers ¥ \ & Food packaging, preservatives
O Malate A\ V4 fertilizers, beverage bottles,
Fuel 4 appliances, vitamins
THE, 1,4-Butanediol, ¥ - oxygenates
O butyrolactone, pyrrolidones, Greon Health and hygiene
HO /ﬂ esters, diamines, 4,4-Bionelle, solvents N cosmetics, detergents,
OH hydroxybutyric acid ) pharmaceuticals, lotions,

Biological conversion

O Succinate

Chemical conversion

medical-dental products,
disinfectants
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Overall Approach - Faecal Sludge to Chemical
Products and Biodiesel

Influent Reactor 1 Reactor 2 Reactor 3 Reactor 4 Reactor 5 Reactor 6 Effluent

R - A

F'curlt Clarifier F'oir!t Clarifier

I

F'oir!t Clarifier

l-_}--_:
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FS Fermentation and Digestion Model

,O,Q
AWy
Neg CH4
PUinC TOiIetS Infl t Ry tor1 R tor 2 R tor 3 R tor 4 Reactor 5 Reactor6 = Effluent
. et TR V=TSR N 27?7
Sl S el I B A R T
£29°
ce?
e
VFA

This model can be extended (and modified) for other fecal sludge
processing operations
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Microbial pathways involved in VFA production

1. Continuous lab-scale systems fed with food waste
2. Impact of reactor configuration on process and microbiology

[ Influent ] [ Influent _]

Non Step

Ste
Feed 3

Feed

Near identical performance (VFA yield,
speciation obtained from both syste designs

Martin et al., 2015, 2017, unpublished



Library Preparation/Sequencing

Mixed microbial community DNA

l l

[TITININEN [NNNARANNN]
NN RINN
LI
RN
NN
Oligos ATCG
e ® GG TCATAGGTG TTTCCTG
TTTTTTTITIITT  TTTTT
TTTTTTTTTT
T T T T T T @
TTTTTTTITT T T T @

IHlumina ® Flow Cell

Bioinformatics

ATGCTGAANTGCGATCTATGCTGNATGC
GTCANGTGTACGGGTGACGTAGNNCGTAATGCA
ATNCAGTCGTAGACTAGCNTAGCCGTTTTACGATC

GTCANGTGTACGGGTGACGTAGNNCGTAATGCA
ATNCAGTCGTAGACTAGCNTAGCCGTTTTACGATC

GTCANGTGTACGGGTGA
CAGTCCACATGCCCACTACGTACGTATGCATG

Data Processing
and Visualization

Community Structure: Which
organisms are contributing to
the reactor’s potential protein
products?

Raw sequences

Trimming/Quality Control
(by size, # ambiguous bases,
homopolymeric regions)

Alignment to Reference Database
(Protein Coding Sequences)

Note: Coding regions of in-house annotated anammox
species and recently published anammox and comammox
species were manually appended to NCBI non-redundant

(nr) protein database (ver. 123)

Functional Potential:

Which potential

functional pathways is each sample capable
of producing, and which organisms areg

to produce these proteins?



Notwithstanding identical process performance, microbial populations
entirely different
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Figure 1. Comparison of microbial community profiles in both SBR and SFR at 8d, 4d, and 2d HRT; genera included have been assigned >= 50
reads per million (RPM) for at least one HRT}; dark blue or green color indicates assignment of >= 1,000 RPM; light blue or green color indicates
assignment of >= 50,000 RPM; dot size scaled to RPM values; shading reflects phylum-level relationships
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Significance

* As we attempt to move away from ‘digestion’ or ‘fermentation’ towards carbon
recovery and biorefining, we need more structured information

e Jt becomes beneficial to link

— Process configurations and operating conditions with microbial ecology, metabolic function
* and in turn with product yield and speciation

— Feedstocks (can import or mine added ones) with products / °

AAAAAAA

* Not needed for every case -

Propionate Succinate

ccccc

— Synthesized approaches needed to enhance translation

Complex organic
polymers

Sugars, amino acids

VFA

Acetogenesis
Acetic acid



Conversion of VFA to Lipids

e Different COD sources

6:1:3 acetate,

* VFA from food waste propionate,
fermentation butyrate. 2 day
+ Synthetic VFA Slar
* Glucose
» Different initial VFA
concentrations

Lipid content
of C. albidus

Batch reactor

Vajpeyi and Chandran, 2015

e Different initial N
concentrations

Excess N: COD:N = 5:1
Limiting N: COD:N = 25:1, 50:1,
125:1, 250:1

Stoichiometric COD:N supply
=33:1




Vajpeyi and Chandran, 2015
Lipid Composition

70

I 26 mgN/L

60 =52 mgN/L

50 I I m 130 mgN/L
260 mgN/L

40 1 ® 1300 mgN/L

30 I w Fermenter VFA
Glucose
20 -

' T
10 - -I | | o { j =

0 - = - = - = e
C 14:0 C 16:0 C16:1 C 18:0 C18:1 C 18:2 C 18:3 C 20:1

Relative % of FAME

Major fatty acids accumulated are palmitic (C16:0), oleic (C18:1), and linoleic acid
(C18:2)

Similar to soybean oil and jatropha oil, which are used as feedstock for biodiesel
production in the US and the EU Gio



What else can C. albidus accumulate (or do)?
Under what conditions?

» Lipid Metabolism ||l

IRERE * Nitrogen metabolism
* Citric acid cycle
: . |

Total size ~ 25 Mbp, Genbank accession number Vajpeyi and Chandran, 2016


http://www.ncbi.nlm.nih.gov/nuccore/953090349

Conversion of VFA to Bioplastics

Wastewater Enrichment
biosolids e Biomass PHA .
PHA ——> accumulation
Our study: reactor
Food waste accumulators
0
Reference Wastewater type fyvra Max PHA content
(9-CODyea/g-COD¢cop) (gPHA/gVSS)
Morgan-Sagastume et al., 2010 Waste sludge stream 60% HRT=5d 21%
Reddy and Mohan 2012 Food waste 53% HRT=3d 40%
Pavlakis E. et al. (this study) Food waste 44% HRT=2d N/A
Wastewater biosolids + Food waste 35% HRT=2d 23%

PHA accumulation (gPHA /gVSS)
Rate of sCOD consumption (g-

COD/L/h) 0.8
0.45
0.29
me un B
1-pulse on-demand Synthetic VFA

Fermentate Fermentate 1-pulse m



e Another version of

carbon refining
— Separation of N-P and C

— Converting the carbon to the
appropriate form for meeting

WQ objectives

Org-N and NH,
Org-N and NH,



II1. C. From Greenhouse Gas to Green Fuel

Nitrite

Ammonia

Biomass
Water

Methanol

Methane

co, O

* Concomitant oxidation of CH, and CO, fixation

* Prospect of combining C &N cycles

Taher and Chandran, ES&T, 2013
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Concluding remarks

Channeling anaerobic C-conversions through
Fermentation R o
SC-FA offers attractive flexible prospects for
resource recovery

Complex organic

p0[ymers Hydrolysis

Sugars, amino acids

N Acidogenesis Detailed understanding of microbial structure and
VE . . . . . ..

... function in conjunction with reductionist approaches
Acetic acid needed to advance implementation

Wide variety of endpoints (chemicals,
fuels..) possible

Disrupting conventional agro- or fossil-based

pathways

Links to other applications needed
and possible

Resource efficient options for FSM and

sanitation m
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