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Case Study on ECLFV NG
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» Food waste generated at ECLFV: Range from 150kg/day on weekdays, and up to
300kg/day on weekends

Legend

£\ Semakau Island
* Hawker Centres
~— Roads

* Incinerators

@252



National
BE & Environment

% Project Scope - e
NUS

National University
of Singapore

Objective: To examine the feasibility (e.g. technical, economic and social) of using on-site Anaerobic Digestion (AD)
system to treat food waste for energy and resource recovery.

Main R&D tasks:
(1) Demonstration of a novel customised AD system for on-site food waste recycling;

(2) Behaviour Intervention measures to influence positive behavioural changes among stallholders, patrons and
cleaners;

(3) Life cycle assessment (LCA) and cost-benefit analysis (CBA)

Energy Recovery (Electricity)
Power up to 31 wall fans

Resource Recovery (Liquid
and solid fertilisers) for
landscape application at a
park

Source-segregated
food waste from
ECLFV

On-site Containerised AD system
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> Proposed anaerobic digestion system

FOOD WASTE

Sorter and
Blender

« Saparate out
non-food waste

« Blend food waste
into slurry

The digester's temperature is maintained by the recovered heat
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Purification  Biogas Storage - .
n X n Syst Tank Biogas Engine
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¥ 1 = Glean the biogas by - Store biogasas - Generate electricity

removing moisture  fuel for Biogas and recover haat

and hydrogen sulfide  Engine
(a harmful gas)
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« Store and regulate JL T -|L Digestable

-
-y

feeding of oot Anacrobic Digester Digestate Biofertiliser for
« Microbes feed on food waste to Storage Tank  Vegetables and Plants
produce methane-rich bingas « Store the liguid and - Mutrients-rich digestate
and nutrients-rich digestate residue streams, ie.  is used as fertiliser for
"digestate” landscaping
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ECLFV AD System Process Flow
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Electricity Powers the Fans
and Mohile Charging Stations
+ Excess electricity is used to power up to 31
fans and 2 mobile phone charging stations.

System is powered by the electricity generation from the Biogas Engine
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» Food waste audit: to customize the system size for ECLFV

Amount of Digestable Waste
350 8%

1) Anaerobic digester fluctuated loading: the

300 ™ digestible waste generated on weekend
& 6% -
250 . days was higher as compared to weekdays;

a2

00

#* 2) An average of 150 kg digestible waste

150

Total Waste (kg)

- % during weekdays and can go up to 300 kg
e on weekend days
50 ——Digestible Waste «—Percentage 1%
0 0%
Tuesday Wednesday Friday Saturday Sunday Monday Tuesday Thursday Saturday
Audit day Waste quantity generated at ELCFV
6000
. . 5000
3) The percentage of the digestible waste -
present in the total waste is around 3.5-7% "
§ 3000
ES
§ 2000
1000
o — S S — e ———
Tuesday Wednesday Friday Saturday Sunday Monday Tuesday Thursday Saturday
Audit day
——Total Waste —Digestible Waste Hard to But Digestive Waste Non Digestible Waste —Recyclable Waste
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» Customized anaerobic digestion system for ECLFV
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» Customized anaerobic digestion system for ECLFV

v" Two identical digesters (each working volume 3-3.5 mq) § e

v Asorter and blender system to sort out contaminants

v" Pressurized biogas storage tank (up to 8bar)

v" Biogas engine (8.5kw): biogas to electricity

v" The digestate into fertilizer for landscaping.

|}
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Overview of the system Central control panel Two main digester Biogas storage and conversion
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Incorporated Human Behavioural N S
Interventions

 Novel four-stage intervention to maximise segregation and recycling of food
waste.

All stakeholders: stall holders, cleaners, and diners to play their part.
Stage 1: Information & Education
Stage 2: Financial Incentives for Stall holders

Stage 3: Psychological Methods (e.g. tapping on Singaporeans’ identity as
environmentalists)

Stage 4: Cross-group Interaction (e.g., food waste segregation efforts of the stall
holders, cleaners and diners should be made known to encourage each other)

Please Clear Your Tables
and Return Any Trays!

(including disposables)

R i e c | — 7 & Trays
LI s e
-'E-LIE_I_L' n me! on-disposables

Positive
Interaction

Electricity Powers  Mobile Charging  Fertilizers for
the Fans Stations Plants.

Publicity Materials .EZ S2 Cross-group Interaction 10
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A Food Waste Recycling Initiative

FINISHED EATING?

Kindly CLEAR YOUR TABLES

and RETURN YOUR TRAYS!
VU I8 AR SR I A AR AR

Return trays, used crockery, Cleaners will sort
and disposables to the tray 2 food waste for recycling
return point EET A S R
TS, FTAOB— RS HRHTA
EEIEINIEE T,

+ +
Food waste is Bingas generates

3 biolagically processed to 4 electricity for the hawker

produce hiogas using an centre and the leftover
anaerobic digester. waste becomes plant
SRR LRSS fertiliser!
RIEFEAS BERTRUR S, BN,

FITFHT B AR AT L L AR
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Publicity Posters
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95 Supporting Infrastructure Qe

Safe Management
s at Howker Centres

Smart Bins Wall- Mounted Fans
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""" Since Stage 1, cleaners have segregated 2010kg of food waste (an average of 17.5kg
food waste/day).

* Six-week average for hawkers’ food waste contributions more than doubled after
Stage 2 was implemented (from 823kg to 1862kg).
— No. of participating stalls increased by 30% (from 16 to 21 stalls).

 Broader noticeable changes in hawkers’ psychology:

— Pre-intervention: 85% of hawkers unaware and unwilling to participate in food waste initiatives.

— Stage 3: As part of the intervention, 70% of hawkers participated to be interviewed on their efforts in
food waste recycling and challenges.

Post-Stage 2 Food Waste Contributed by
Hawker Stalls (Six-Week Average)

H Contributed > 100kg
B Contributed < 100kg

Did not contribute
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Parameter

Food waste fed to AD
system

Behavioural
Intervention

Digestate study

National
Environment

Current Status

Details

~50-100kg/d,
amount progressively increased to designed capacity

Stage 4: Cross-group interaction currently underway

Testing on ornamental plants to commence

@:c2s2 13
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Weekly feeding and biogas production of ECLFV System
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» Two main different digestible waste at ECLFV: table waste from diner & vegetable waste from hawker

Parameter Table waste Kitchen waste
TS5 20.23+0.19% 4.95+0.25%
Vs 19.44+0.23% 4.05+0.15%
C (%TS) 51.98 36.89

H (%TS) 7.62 5.04

N (%T5) 4.04 3.56

S (%6TS) 0.15 0.35

C/N ratio 12.87 10.36

P (%TS) 0.18 0.23

K (%6TS) 0.60 4.36

Na (%TS) 1.09 0.18

Ca (%TS) 0.13 1.24

Mg (%TS) 0.04 0.20

etical CHs  583.81 340.37
yield

(mL/gVs)

Theoretical CH; II1.93 T4.17

yield

(L/kg waste)

Theoretical 199.91 32.27

biogas yield (CHa content 56%) (CHa content 43.75%)

(L/kg waste)
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Biogas production (L)
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System feeding and performance
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Operational days
=Food waste fed (kg)

System feeding and performance

+biogas production (L)

il6 323 330 337 44 351 358 365 in 379 386
Operational days
-=-bhiogas production (L) “-Food waste fed (kg)

Food waste treated: 10195 kg
Biogas production: 878 m3

Average biogas yield: 86.2 L/kg Food waste (high efficiency, >80% of the biogas potential of the food waste)
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= Total waste collected (kg)
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Food waste added into digester (kg)

Food waste added into digester (kg)
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Electricity consumption and generation of ECLFV system
6.33 4.23 7.00

10 321 4.75 =
< 100 Pneumatic . 6.00 E
= 60 breakdown : 147 260 00 g
= : 300 g
g 0 200 ©
m 20 : 1.00 §
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Weekly performance .n%

I Electricity consumption (kwh) I Electricity generation (kwh) Biogas consumption rate (m3/kwh)

Energy balance:

Electricity generation: 194.6 kwh

Electricity consumption of the AD system: 3178.7 kwh

Average 85.9 kwh/week consumption V.S. 7.8 kwh/week generation
Average biogas consumption rate: 2.8m3/kwh

Main reason: low biogas engine efficiency (10%) and low CH4 content (55-60%) in the produced biogas.
As majority of FW fed was vegetable wastes (65-75%), where the biogas produced is of poorer quality (low VS)
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Fertilizer for Plants
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First day to apply
N fertilizer

. Biochar ) ; | Biochar [ Digestat § Compo
bla bioch +digestat Digestat Compo Fertilize & +digestat 9 ot

; nk  H ar e st r
Piper sarimeiwusui,

e

60 days later

Biochar . Digestat Compo | Fertilizer
+digestat e st o

. Biochar : .
Fertiliz Compo Digestat +digestat #® bioch
er & st e e 3 ar B nk ]
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Stachytarpheta jamaicensis

Plant Growth Performance

8.6 .
Soil pH
8.4
8.2 . g First round N
8 application
T 7.8 Day7
al.
76 i Day 13 Second round
uDay N application
1.4 u Day ?:;?
7.2 = Day 35
7 =Day 42
6.8 nDay 50
c‘o’s- @@" 'gp‘p'" 0\9 . @&‘
o

Digestate had no significant effect on pH in soil
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N Agency

0.6 Soil Electrical Conductivity

L (T S
g
£o4
3
S 03
H uDay 30
; 0.2 " E:: i:
w

(1]

& & & ® & &
é’
& & @,&9"' Q\f & &
@e’
§

Digestate had no significant effect on soil EC

EC < 2dS/m represents NonSaline
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Plant Growth Performance

Chlorophyll | SPAD
3

N

&
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& S e

e Day 1
mm Day 5
Day 19
w Day 26
mm Day 35
= Day 51

- \yerage Chlorophyll Content

Foliage area (cm2)
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65
60
Ess

E50
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B 45
T
& 40
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Aerial fresh weight (g)

]
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10

20

control

biochar

biochar+di

g

s
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Compared to compost and Fertilizer, digestate showed the similar positive effect on plants from the plant height,

weight, and foliage area perspective.
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Plants

Field Experimental Design
Experimental design for subtrial from February to April 2022 on Stachytarpheta jamaicensis

More

Experimental design for subtrial from February to March 2022 on Betal piper tant type Traatment Festizor Media Replicate
o A 2 5o 5
Plant type Traatment Fartilizar Media Replicata " 8 Digevae Soil :
|Beva piper A Blank Soil 5 ”
D B Diggstata Soil 5 ™ a First day to apply fertilizer After 28 days apply di;!sme
5 (2) 2 w
n - First day to apply digestate After 28 days apply digestate 1 :57 50
= (1) . ) : A—" 1 Ta :
. Pa T
i £
5 B Doy 14 L I
g. moonwol wDiges 2 .l
1 1 T Day-14 [ Dirp 28
2 ] “(3) [— Sp—
i
R
5 “
Duy-1 Day-7 Day-14 Day-21 Day-26 T T l
@ r L
. & i°
T
. &
E 5
g 3
5
£ ;.. A
3 a0 Day-1 Dy Day-14 Doy-Z1 Day-2 i
D14 - o Digetate Compared to control, d\gestate showed a s:mllar positive
esul
Compared to ol digestate showed a similar pésit'we 1 Digestate has no significant effect on soll pH is compared to normal soll pH. effect on plants from the plant’s merphology area
Results- 2

1. Digestate has no significant effect on soll pH is compared to nommal soll pH. effect on plants
2. Digestate has enhancad the growth of plants is compared to normal ol planl

3. Digestate has no significant effect an chisrophyll (SPAD) content i compared to normal plant PETSPECTiVE.
chirephyll content

» Results revealed that the total
chlorophyll contents and plant
height also increase compared
to control plants.

from the plant’s

2, Digesiate has enhanced the growth of piants is compared to nommal ol piant growih
3 Digestats has no significan effect on chioraphyll (SPAG) content is compared to normal plant
chlorophyfl content.

morphology area perspective,

Field Experimental Desiyn

Experimental design for subtrial from February to March 2022 on Piper sarmentosum

Plant type Treatment Fertilizer Media Replicates
Pioer sarmentasum A Blank Sail 5
2 (1) 2 B Digesstate Sail 5
1 i
® @)
First day to apply fertilizer After 28 days apply digestate
[ El
5 :E, 2
53 ?“3
3 Eis I
2 "1 I l
: . Bl
o o
Day-1 Day-7 Day-14 Day Day-23 Day-1 Day-7 Day-14 Day-18
p— a5 l,;:I —Control Digestate .
e z 1 =
s -
g an
=1
B
Eu
By
.
Day-1 ay-? eyl Dy Day-z3
Results- — Control Digestabe

1. Digestate has no significant effect on soil pH s compared 1o normal soil pH.

2. Digestate has enhanced the growth of plants is compared o nomnal soil plant growth.

3. Degestate has no significant effect on chlorophyll (SPAD) content is compared to normal plant
chiorophyll content.
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Compared to control, dugestate showed a similar positive
effect on plants from the plant’s morphology area
perspective.
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Growing Vegetables NG

20 Temperature treatments
Untreated
60°C
121°C
151
C)
= .
o | — 1.
: 10
g =
o T
- =] =
[
g
5 p
0- Ei
ADONPK AD20 AD4O AD60 AD8O AD100

Fertilizer treatment concentration (%)
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Metagenomic analysis of rhizospheric soil of Piper
sarmentosum after and before applying the digestate.

Results-

Digestate Microb

[Group
DTUO4

£l

i gGroup

Pseudomonas
DTUO14
Thermovirga
|Methanuculleu5
Sphaerochaeta
'DMER64
Achuleplasma
DEV114
Fermentimonas
'Fusobacterium
Acidothermus

 Pedosphaeraceae
Latescibacterota
Bryobacter

Sphingomonas
Gaiella

Haliangium
| Gemmatimonas
Ellin6067

Vicinamibacteraceae
Prevotella
Methanosaeta

| Escherichia—Shigella
. Muribaculaceae
 Bacteroides
Lactobacillus
1 Bilriid1

¥ Acidibacter

e Chryseolinea

Pseudomonas
Thaermowi
Mathanoculleus
Sphasrochasta
RﬂERBAi
Actinobacteriota
Bacteroidota
Cyanobacteria
Firmicutes
Fusobacteriota

Acholeplasma

DEWI114
Fermentimonas
Fusobacterium
Acidothermus

ADurb. BinD&3—
Candidatus_Solibacter
MM

Pedosphasraceae

Latescibacterota Gemmatimonadota
BEryobacter
Sp ingor\nonas Halobacterota

Halinngium Latescibacterota

mmatimonas

EIIlnBOE? Myxococcota
WVicinamibacteraceae Proteobacteria

Matha nosaata Spirochaetota

Agathobacter Synergistota

Croplas _ .
Escherichia—Shigella Verrucomicrobiota
Muribaculaceae

roides
acmbacillus

Acldiba cter
Chryseolinea

ial Community

Bacteroidota
Cyanobacteria
Firmicutes
Fusobacteriota
Gemmatimonadota
Halobacterota
Latescibacterota
Myxococcota
Protecbacteria
Spirochaetota
Synergistota
Verrucomicrobiota

Metagenomic analysis of rhizospheric soil of
Stachytarpheta jamaicensis after and before
applying the digestate.

Thermavirga
Meathanoculleus
Sphaerochaeta
DMERE4
Acholeplasma
DEV114

Fermentimonas

andidatus_ Sdlbactel
1

Fedosphaeraceas
Latescibacierota

\ Agency

LB

o
-1

-z

National
Environment

Group
PST00.1
PST00.2
PST00.3
PST00.4
PST00.5
PSTO0.6
PSTO0.7
PST00.8
PST00.9

Phylum
Acidobacteriols
Actinobacteriota
Bacteroidata

um
Wicinamibacleraceas
Prevotella

Methanosaeta
Faecalibacterium

Escherichia-Shigella
Muribaculaceae
taroides
Lactobacillus
Biriid
AC idil DGGIBF
Chryseclinea

i

Results-

Firmicutes
Fusobacteriota
Gemmatimonadota
Halabacterota
Latescibactarota
Myxococcota
Froteobacterla

/

*+ Plant-associated Pseudomonos live as saprophytes and parasites on plant surfaces and inside plant tissues. Many plant-associated

Pseudomonas promote plant growth by suppressing pathogenic micro-organisms, synthesizing growth-stimulating plant hormones and

promaoting increased plant disease resistance

* The dominant group of bacteria is Bocteroidetes. Bacteroidetes are abundant pathogen-suppressing members of the plant microbiome that
contribute prominently to rhizosphere phosphorus mobilization, a frequent growth-limiting nutrient in this niche.

* Actinobacteria improve the availability of nutrients and minerals, synthesized plant growth regulators, and specially, they are capable of

@E252

inhibiting phytopathogens.

23



National
= =} @ Flower diagram of microbial community based on operational taxonomic units (OTUs) Environment

@ \=. Agency
Cyanobactesna o Safeguard - Murture « C "
FETSE
N U mm:m‘cum Betal piper- After digestate apply

PETa2E

f . Betal piper. Blank
National University 34 385
of Singapore . o

Bacteroidiota
FETean yars Mz

N “.f; B FET00 1 T
P& 2
PETO0 Y

154 -cE F&Ti0 e (S Piper sarmentosum- After digestate apply
: P& —
PETerT PETD e FEans Piper sarmentosum- Blank

1EC (B=E] PSTaDT

P& _

PETONG PETIS
L Stachytarp, 4 i f5- After apply

f Stachytarpheta jamaicensis- Blank

Flower diagram based on OTUs, Each petal represents each sample, The core number in the center is for the number of OTUs present in all

Results-

samples, while the number in the petalis for the unique OTUs in each sample. |

Ternary plot representing the relative occurrence of the individual genus ternaryplot
Pralecbactesa

Expected o utp ut (circles) that are members of the five most abundant families in rhizospheric soil 5 ot
(after digestate applied) compared with rhizosphere soil (after digestate PSTO0.T acteroldoa

Firmicules

L
. L
applied). ®  Acidobacleriota
®  Actinobacteriota
® Halkbacterota
. Cyanobacieria
1. Use food waste digestate as SO
compost/biofertilizer  for  the Myxscoceota
. Synergslota
development of public parks, ’
agricultural lands, etc.
2. Development of a large-scale o4
compost/biofertilizer from food
waste digested for economical 0z
growth.
PETOD.1 % @d 4 % PETOD.E
Results-

Genera enriched in different compartments are colored by the taxonomy of the most abundant families. The size of the circles is

proportional to the mean abundance in the community.
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e Life Cycle Analysis being conducted for
sustainability

e Cost Benefit Analysis is being done to show
financial feasibility

 Behavioural changes needed
e Benefits to users on-site
* Many regulatory concerns to address

e Output of biogas, electricity and fertilizer to be
guantified at steady-state
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