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Objective

Food wastage is a prominent issue in Hong Kong that should be addressed. Here at The 
Independent Schools Foundation Academy, we are continuously looking for ways to 
decrease the amount of food waste. In 2014 the school installed an A900 Rocket Food 
Composter, in hopes of reducing our carbon footprint. Since the installation, the school 
has tested various elements of the food composter to further improve upon it to make it 
increasingly more sustainable and effective. These improvements vary from the 
revamping of the odour control system,  increasing the nitrogen content and the 
installation of an improved grease trap.  The school composts the food waste by 
combining a variety of substances together: coffee, compost, food waste, and a bulking 
agent - which will be tested in this study. Recently, the school has changed the 
composer bulking agent from wood shavings and cardboard to cotton bedding - a waste 
product of the production of UK passports.

In this study, I will evaluate the effectiveness of cotton bedding as a bulking agent in 
an aerobic composting system, focusing primarily on three points: 1) Moisture content 
of the initial mixture of food waste and bulking agent, 2) The soil gas composition - the 
data shall be collected through the use of the Gasmet DX 4015, and 3) The chemical 
analysis of the compost - specifically the amount of aluminum in the compost and 
whether or not it is significant enough to discredit cotton bedding as an effective 
bulking agent. Bulking agents are important to the process specifically because it 
creates more surface area and exposes the microbes to more air.

Through the analysis of cotton bedding using these three specifications, I will evaluate 
the effectiveness of cotton bedding as a bulking agent.

The aim of this study is to evaluate the effectiveness of cotton bedding as a bulking 
agent for our school’s compost. 

Composting Method
1. Food waste is dehydrated and macerated.
2. Ground coffee, existing compost, the daily food waste, and the bulking agent are then 

introduced into the Rocket Composter.
3. Refer to Figures 1&2 for process diagrams.
4. Process in the composter as the food waste becomes a usable compost.

Composting Process

The composter has a 
capacity of 5,250 litres 
per week (A900 Rocket).  
The process takes a total 
of 14 days.  In the 
composter, aeration, 
moisture and temperature 
are controlled to sustain 
the microorganisms.

Figure 1

Figure 2
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Moisture Content
After testing the soil, my data showed that the moisture levels were slightly too high, 
about 5% above the recommended amount;  however the amount of negligible and it if it 
proves to be an issue, which so far has not, we could add more of the drier bulking agent.

Soil Gas Testing
The findings suggest that the soil composting process is aerobic, as evidenced by the low 
levels of methane. This allows beneficial bacteria to thrive, requires lower biological 
oxygen demand concentrations than that of anaerobic digestion (Sivanandan, T.P. 
“Advantages of Aerobic over Anaerobic Digestion.”), and is free of offensive odor.

We also noticed high levels of ammonia. I hypothesise that this comes as a result of the 
amount of coffee added into the compost. Data showed that one day the amount of 
ammonia levels were high and the other day ammonia levels were low. This could be a 
result of the varying amount of coffee grounds put into the compost. Since coffee 
grounds contain nitrogen, overuse of coffee grounds would result in too much ammonia. 
This, while not being an urgent problem to fix, can be regulating the amount of nitrogen 
put into the compost based on the food that is going in that same day.

Chemical Analysis Testing
There are many effects of Aluminum stress on plants. These include: oxidative stress, 
root growth inhibition, callose formation, reduced acquisition of mineral nutrients, an 
accumulation of Al3+ occurs predominantly in root apoplasm, and DNA damage (Singh, 
Shweta, et al. “Toxicity of Aluminium on Various Levels of Plant Cells and Organism: A 
Review.”).

We found high concentrations of Aluminium in our soil and felt the need to analyse the 
pH to see how much this affected the soil acidity - which was what causes all the effects 
listed above.

While the soil was proven to be too acidic, through observation it is evident that the plant 
growth is not hindered by the acidic soil. While this is said though, we can still find ways 
to make the soil less acidic. For example, adding lime or calcium carbonate.

Other than the soil acidity, the other specifications for soil quality were all met and the 
soil was deemed safe to use for crop growth.

In regards to the other criteria - physical aggregate properties, inorganic non-metallic 
parameters, metals and major cations, aggregate organics, microbiological testing, and 
general testing - the cotton bedding is suitable.

Test 1: Moisture Content of Composted Waste

Test 2: Soil Gas Samples Testing 

Test 3: Chemical Analysis of Cotton Bedding

- Testing for the initial moisture content is important for evaluating the quality of the compost. This test is performed prior to the 
mixture being put into the Rocket. If there is too much water the compost will become anaerobic and if the moisture is insufficient, 
then the bacteria will not be able to digest the food waste. This is an important first step in maintaining the health of the 
composting process because the food from the ISF Academy cafeteria is primarily rice, which has a high water content.

- According to research carried out by Cornell University, healthy compost should have around 50-60% moisture (Cornell Waste 
Management Institute. “Monitoring Compost Moisture.” ). The amount of moisture in our compost after 96 hours averages to 
about 65.3%, which is only slightly above the permitted range. 

- Because the compost moisture content is still in the ballpark range for moisture content, it is still considered safe.

Using the Gasmet DX 4015, our results show high levels of ammonia. This could be a result of the amount of coffee added into the compost - a 
waste product from the McDonalds across the street from the school. Coffee grounds are about 2% nitrogen by volume (Nelson, Jennifer Schultz. 
“University of Illinois Extension Serving Dewitt, Macon and Piatt Counties.”). The issue of having too much ammonia is very easy to fix, we can 
input smaller amount of coffee grounds. The Gasmet also showed high levels of carbon dioxide gas ( 0.2 - 3% volume). This is in excess of the 
400+ PPM recorded for world average and also in excess of the 700+ PPM we typically see in Hong Kong. The CO2 levels in the composter are a 
strong indicator of aerobic conditions.

The levels of methane gas found in the samples are comparable to the current levels of atmospheric methane (Mooney, Chris. “Atmospheric Levels 
of Methane, a Powerful Greenhouse Gas, Are Spiking, Scientists Report.”). The gas sample analysis shows that while the system is aerobic there 
are some gases present that indicate anaerobic activity. This is common in a large scale composter that there will be pockets of anaerobic activity. 
Aerobic composting is beneficial for several reasons. One of the most prevalent is that the heat from the decomposition process will not only kill 
the harmful bacteria and pathogens, but will also facilitate the growth of beneficial bacteria species such as psychrophilic, mesophilic, and 
thermophilic bacteria (FOR Solutions. “Aerobic vs. Anaerobic Digestion: Benefits & Comparison.”). The production of these bacteria create a 
healthy biomass for the growth and thriving of crops.

In order to check if the soil was at a suitable toxicity, I conducted an experiment testing the pH of the soil of crops, more specifically ones that employed the current cotton bedding as a bulking agent. Because acidic soil 
would be harmful to the soil, it is generally suggested that the soil should be at a minimum of 5 on the pH scale (Singh, Shweta, et al. “Toxicity of Aluminium on Various Levels of Plant Cells and Organism: A Review.”).

Upon conducting the tests, I found that the soil does not satisfy the requirement of being over 5 on the pH scale. Instead, they all fall within the range of 4.5 to 5.3 on the pH scale (see Figure3). While this does not satisfy 
the suggested minimum, it is not to the extent where crop growth is greatly impacted.

This, therefore, does not constitute an ineffective bulking agent as all of the other specifications have been met but one that requires monitoring. Furthermore, we can easily make the compost less acidic by adding lime or 
calcium carbonate, which are both alkaline.

Amount of Soil (g) Amount of Water (ml) pH

A 5.06 10 4.53

B 5.17 10 4.95

C 5.19 10 5.28

D 5.03 10 4.82

The compost was tested externally for a thorough evaluation of the compost. The results came 
back showing that the compost was safe for agrarian usage. However, after some 
consideration, we decided to test for the amount of Aluminium in the soil, since the cotton 
bedding had strips of Aluminium as a byproduct of production. Upon receiving the results 
regarding the levels of Aluminium, which showed high levels of Aluminium (see Figure 2), 
we wanted to see if there was any effect on the soil acidity.

Conclusion
In brief, cotton bedding acts sufficiently as a bulking agent for our crop growth. The few 
shortcomings of cotton bedding, such as the soil acidity, are easily fixable and therefore 
not as pressing. In regards to moisture content and soil toxicity, the compost did not 
completely match the requirements - moisture content of at most 60% and a pH of at least 
5 - but both were still in an acceptable range of a difference of about 5%. Furthermore, the 
results from the Gasmet prove the composting process is aerobic. This strengthens the 
notion that the compost is suitable in that the heat produced by the decomposition process 
is strong enough to kill harmful bacteria and pathogens, yet at the same time facilitating 
the growth of beneficial bacteria species like psychrophilic, mesophilic, and thermophilic 
bacteria (FOR Solutions. “Aerobic vs. Anaerobic Digestion: Benefits & Comparison.”). 
Our testing shows that with cotton bedding as a bulking agent, the compost is able to be 
composted successfully and produce soil of a quality that is safe for crop growth.

First Weighing (g)

Day 1 Day 2 Day 3

Weight + Compost Weight + Compost Weight + Compost

Test 1 11.59 11.8 10.74

Test 2 11.7 11.35 11.09

Test 3 11.47 11.03 11.48

Test 4 11.61 11.08 11.35

Test 5 11.31 11.61 11.08

Second Weighing (After 24 hours) (g)

Day 1 Day 2 Day 3

Weight + Compost Weight + Compost Weight + Compost

Test 1 3.96 4.4 N/A

Test 2 3.94 3.58 N/A

Test 3 3.84 3.9 N/A

Test 4 3.89 3.87 N/A

Test 5 3.61 3.9 N/A

Second Weighing (After 96 hours) (g)

Day 1 Day 2 Day 3

Weight + Compost Weight + Compost Weight + Compost

Test 1 3.95 4.36 4.02

Test 2 3.92 3.58 4.38

Test 3 3.81 3.89 4.11

Test 4 3.85 3.83 3.98

Test 5 3.57 3.85 4.01

Moisture content after 24 hours (%)

Day 1 Day 2

Test 1 65.8 62.7

Test 2 66.3 68.5

Test 3 66.5 64.6

Test 4 66.5 65.1

Test 5 68.1 66.4

Moisture content after 96 hours (%)

Day 1 Day 2 Day 3

Test 1 65.9 63.1 62.6

Test 2 66.5 68.5 60.5

Test 3 66.8 64.7 64.2

Test 4 66.8 65.4 64.9

Test 5 68.4 66.8 63.8

Method:
1) Weight ~11g of the compost in a container
2) Dry the sample for 24 hours in 110°C oven
3) Record data 24 hours later
4) Continue drying sample for 72 more hours
5) Record data
6) Calculate the moisture content using: 
Mn = ((Ww-Wd)/Ww) x 100
Mn = moisture content (%) of material n
WW = wet weight of the sample, and
Wd = weight of the sample after drying.

This method is adapted from Cornell University’s moisture content methodology (Trautmann, Nancy, 
and Tom Richard. “Moisture Content.”). 

Figure #1
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Figure #3

Methane CH4 
ppm

Nitrous oxide N2O 
ppm

Ammonia NH3 
ppm

Carbon monoxide CO 
ppm

Methanol CH4O 
ppm

Ethanol C2H6O 
ppm

Acetone C3H6O 
ppm

Compost 19/10 Test 1 1.77 3.408 2.02 0.97 14.47 0.03 0.39
Compost 22/9 Test 1 1.71 2.483 54.75 6.63 18.94 5.92 5.28
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