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The Independent Schools Foundation Academy is a private independent In October _ 2016,  ISF « Sample No.l 1s a 4-month-old compost pile. While it has the lowest
school in Hong Kong with approximately 1500 students. Each academic year, Academy acquired a Gasmet o r— : CH, to CO, ratio, its CO, concentration is the highest among the 5
the school produces 27 metric tonnes of food waste. In November 2013, the _D'X 4015, a Fourier transﬁjrm - _u samples and more than 6 times of the lowest one.
school 1installed an aerobic food waste U{]mpusting system. lﬂﬂ'ﬂ.l'ﬂd spectroscopy (}T[R) — . S&I’l‘lplE No. 2 had the same process as No. 1, but with GI’I]}-’ wo

The composting process employs two machines: mUI_“ gas analyzer. This =S 1 months piling. As a result, both the CH, to CO, ratio and NH, to CO,
s TheDehvdea Sqiipmicnl SHCASHIGY the ratios of No. 2 are 10 times higher than No. 1.

‘ oo , concentration (ppm) of the « Sample No. 3 is a product of vermicomposting, leading to 37 ppm of

et chuccsf the mass nf.thu food ?vaatu by grinding the food waste into a GHGs and the data is CH, which is the highest reading and double the second highest
uniform size and removing excessive water. presented through the Calemet - = : ' | san’;lpie generated by an aerobic composting system.

* A900 Rocket (See fig. 1) E ]T Analysis software. (See Fig. Fig. 3.1 A setup image of the Gasmet DX  Fig. 3.2 A screenshot of the software * The NH, to CO, ratio of Sample No. 4 is 40 times more than the

« A composter made by Tidy | — T 3.1 and 3.2) 4015 . second highest reading. Through smell test, its strong odor was

Planet, processes food waste \ - evident that the ammonia was significantly higher, which might be
into compost in 14 days. This F e Tl e . — 1) 400 ppm, the background CO. level on earth, was caused by an imbalance of the composting formula.

machine runs in an aerobic = | Ne | c0.ppm) | chipm | Noipomy | N @pm) subtracted from each CO, measurements before » Lastly, gas sample No. 5 collected from the A900 Rocket at ISF with
process, in which oxygen 1is | e FEah 65 s the ratios were calculated. (EPA) enriched nitrogen from coffee grounds has the lowest concentration
required and will emit carbon — = ' = 2) Each GHGs data was divided by the of CO,, CH, and N,O as measured by ppm.

dioxide Fig. I A picture of the A900 Rocket - 1312.17 12.16 0.29 0.35 corresponding CO,, reading, which is to find the

Over the past 3 years, various improvements, such as installing a 3| 250113 36.96 0.61 0.55 ratio of CO, to the other GHGs. The ratios are
bio-filter to reduce the smell of the compost, have been made to the 4 1 a e 1o shown below in scientific notation. This ratio |
composting process. Meanwhile the compost is used by the primary | | | | normelized fhe-data’ because: the sample: of gas The gas sample collected from the ISF compost machine has the
students, as part of their experiential learning curriculum and organic : L300 L0 0.18 L2 collected in the Tedlar sampling bag was not lowest alIUAaLO of GHGs among Ef“ 5 samples. According to the

exactly the same for each sample. Gasmet readings, the low concentration of methane (1 ppm) suggests

farming projects.

A hool re committed to reduce th 1t of waste w dt that the food waste composting process in ISF is mostly aerobic,
R i R R A Ve Ratio of Greenhouse Gases vs. CO however when compared by evaluating the GHG ratios, it is apparent

the landfill and also reducing our carbon footprint. that nitrogen levels are higher than the other types of composting.

Sample | Description and type
Research Objective No. of composting Picture of the compost [CH,|/[CO,] IN,O]/[CO,] [NH,|/|CO,] :
N | Next Steps in Research

While composting can reduce the amount of waste being sent to the Aili T:::g ?gmpm b )
landfills, aerobic composting processes also produce greenhouse gases which 1 feglilﬂﬂ}, T -
in turn contribute to global warming. (EPA) aerated.

This Fesearch studied d]ffergl*:t cﬂmpnstmg systems?: GHG emissions for , 'Same as above, but
four major GHGs: carbon dioxide, methane, nitrous oxide and ammonia. it is a 2 month pile.

R Vermicomposting, | |
Gas Collection Method using earthworms to

decompose food

2.3 %107 1.3 x 107 5.6 %107

 Since there was only one gas sample collected at each composting
site, further research will include more trials to show the reliability
and statistical validity of the results.

13 x16* 3.2x 10 6.0 x 107 * The ammonia and nitrous oxide gases could be reduced by “fine
tuning” the amount of nitrogen added to the compost mix.

* More accurate calculation of the background CO, concentrations at
the time and location of the sampling. )

Equipment used (See Fig. 2): ;! - ; 1.8 x 1072 2.9x 10 2.6 x 107
: waste and generate
) Siphon pump 2)Tedlar bags Kiiiiis 63 fachii Acknowledgements
time : ; ; G
Method: This work was made possible by the Shuyuan Sciences departments of
* The suction pipe was inserted Scm ‘Compost generated the ISF Academy. Special thanks to Diana Ibarra and Dr. George
into the compost. Then, the output achi 5 : A Woodman, the director of Teng Hou,
1 p . P 4 by a machine called 1.0 x 102 12 x 1073 4.1 x 1072 ¢ g
pipe was connected to the opening 'AEL Food Waste
valve of the Tedlar bag. Composter. References
* Around 1000cm” of gas was collected
ﬂt Eﬁﬂh CDHlpDS t Si te "DXA0]E” Gaserel, GASMET TECHNOLOGIES OY, www, gasmet.com/products/portable-gas-analyzers'dx40 15
CD]npﬂSt pdeuc':d ]_ 4 X 1 0_3 2 4 b 1 0_4 1 {]. w 1 0_3 “Graphic: The Relentless Rise of Carbon Dioxide,” NASA Global Climate Change . NASA, climate, nasa.gov/climate_resources/24/,
F]g 7 An pic[ure of the pump and the 5 b}ll the AQGD RDEkEt i : . “Orverview of Greenhouse Gases.” EPA, Environmental Protection Agency, www.epa.gov/ghgemissions'overview-greenhouse-gases,

Tedlar sampling bag at ISF Academy
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Research on Optimal Bulking Agent for

Aerobic School Food Waste Composter
Sabrina Chann (0107008 @student.1sf.edu.hk)

Abstract

Introduction

One third of Hong Kong's solid waste is food waste, thus reducing food
waste has become crucial (Food Waste). The ISF Academy installed a
A900 Rocket Food Composter in 2013, hoping to reduce its carbon
footprint and reduce the amount of solid waste going to the landfill.
Currently, the academy produces 27 metric tons of food waste annually,
most of which 1s churned in the composter and reused as fertilizer for a
primary school gardening project which has 500+ children participating.

The school 1s continuously improving the composter. Previously, we
have made improvements by revamping the odor control system,
increasing the nitrogen content and the installation of an improved
grease trap. This study looks specifically at changing the bulking agent
in the compost. By comparing and analysing data of different bulking
agents, we hope to find a reliable, affordable and suitable alternative to
wood shavings, the current agent being used.

Objective

The aim of this study 1s to determine an alternative bulking agent to
wood shavings which passes the regulations for “general
agricultural use” of a compost, 1s reliable, effective and suitable for
use in a school setting.

Food Composting Method

1. Food waste is dehydrated and macerated.

2. Ground coffee, existing compost and the bulking agent are then
incorporated into the macerated food before being introduced into
the Rocket Composter.

3. Refer to figures 1&2 for process diagrams.

The composter has a
capacity of 5,250
litres per week (A900
Rocket). The process
takes a total of 14
days. In the
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Figure 1

composter, acration,
moisture and

i!'_ == temperature are
' controlled to sustain
-y the microorganisms.

Figure 2

Moisture Content (%) of Wet Compost (prior to going through composter) Test Method

Compost formula

Bulking Agent Formula

Cardboard 15 litres of cardboard + 15 litres of food waste + 5 litres of compost + 2 litres
of coffee

Wood Shavings 22 litres of wood shavings + 15 litres of food waste + 7 litres of compost + 2

litres of coffee

e

Figure 3

_-:"——
e —
o .
) L -3

Moisture Content Test

“M“ = ([WW-W d}fww] x 100
in which:

W, = weight of wet compost sample

d
(Trautmann 2016)

Cardboard compost (left) Wood shavings
compost (right) prior to dryving

M_ = moisture content (%) of material n

W . = weight of compost sample after drying.

Optimal moisture level for compost: 50-60%

Measure out 10 g of compost (3 samples)
1. Place compost samples into oven set at 100°C for 24 hours to dry and remove moisture

2. Reweigh the samples and calculate moisture content using the following formulae:

Figure 4
Rocket Composter on campus

Processed Data

' 0
Moisture Content (%) of Wet Compost Analytical Chemical Analysis Compost Standards
; , _ 2
Optimal moisture level: 50-60% Shredded Wood Shavings General Agricultural Use |Organic Farming
Moisture content % Cardboard
Shavings EA035B: % Organic matter (at 96.7 96.4 >20 >20

1 60.8066 63.7670 550°C)
EAO55A: Maisture Content 16.4 20.3 25-135 25-35

2 50.6865  |56.6774 (Sned at 10C)

3 67.0972 5h.1531 EK055: Ammonia as N 2,460 646 <700 < =700
7664-41-7

Average 62.5301 58.5325
NPK value (as %DW) N/A 4.332 >4 >4
EA162: Carbon to Nitrogen 17 15.2 <=25 <=25
Ratio
EP045: Volatile Acids as Acetic 1,400 1360 Unknown Unknown
Acid
EM102C: Escherichia cali NOT NOT DETECTED <1000 <=1000

DETECTED
EM107C: Salmonella NOT NOT DETECTED <3 <=3
DETECTED
Figure 5
Civei iiseil fo dr}' compost Samp]es ET011: Seed Germination Index 100 100 =80 >=80

Results and Analysis
Moisture Content Test

Optimal moisture content for organic waste before composting is

50-60%, any variation from this range may cause the process to become

anaerobic,

From the results of the moisture content test it can be reasoned that the

cardboard based compost 1s more efficient and cost-effective compared

to the wood shaving compost. The moisture content (%) of the

cardboard compost was 3.9976% lower than that of the wood shaving

compost even though less bulking agent was used and more food waste

was added. As shown, by using cardboard as the bulking agent:

1. Food waste capacity increased (more efficient)

2. Less bulking agent used (cost effective)

3. Lower chance of compost becoming anaerobic (lower moisture
content)

4. Approximately 20% more food waste can be processed by using

shredded cardboard as the bulking agent. (With an increasing student
population, being able to recycle more waste is required.)

: Test C .

Analytical chemical analysis was performed by a certified lab in Hong
Kong, ALS Laboratory Group. All compost used for food production
must be certified. All testing procedures used by ALS are approved by
the Hong Kong government.

1. Escherichia coli and Salmonella levels are low standards

Safe for children

2. All heavy metals values were well below compost standards

Data not shown but includes: Cadmium, Zinc, Lead, Mercury and
Chromium

Safe for growing vegetation

3. Acceptable levels of volatile acids and ammonia

Ensures that aerobic compost system remains healthy; however, the
values for the shredded cardboard are slightly higher than the wood
shavings.

4. High levels of organic matter

Compost is rich in carbon, good for growing plants and

vegetation

5. 100% seed germination index

Indicates that plants will grow.
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