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Abstract: Methane from organic food waste in landfills exacerbates the problem of climate change.  In order to 
reduce methane emissions from landfills, a system was designed to specifically address food waste emissions 
from multi-residential buildings like apartment buildings.  The system utilizes a garbage disposal to route grinded 
up food waste and water directly from apartment unit kitchen sinks to a single stage, mesophilic anaerobic 
digester located adjacent to the building.  Soap as a digester input from apartment units was identified as a key 
parameter to be tested.  An experiment was designed to this effect, and it was determined that soap, whether 
regular or anti-bacterial would have no significant effect on digestion.  An economic analysis was performed on 
the system, and it is determined that it would be a reasonable investment.  The system designed will help reduce 
methane emissions of landfills and provide a more pleasant user experience than existing systems. 
 

1. INTRODUCTION 
Climate change is widely recognized as being 

caused by anthropogenic sources, which cause the 
accumulation of greenhouse gases (GHG) like 
carbon dioxide (CO2) in the atmosphere.  Methane 
(CH4) is a potent GHG, with 25 times the 
greenhouse potential of CO2 [1].  A large source of 
methane is organic waste.  There are several 
existing processes that help deal with organic 
waste. 

Many municipalities make use of Green Bin 
systems, which direct organic food waste to be 
used as compost.  The composting processes are 
often open air and release methane into the 
atmosphere.  Many farms make use of the organic 
waste produced by their livestock, and use 
anaerobic digestion to produce methane, which 
can then be used to produce energy in nearby 
facilities.  The most distinguishing feature of 
anaerobic digestion - digestion that takes place in 
the absence of oxygen - is the fact that is can 
produce biogas, of which the main component is 
usable methane.    

A gap was identified that no existing systems 
addressed: organic food waste from multi-
residential buildings such as apartment 
buildings.  As an example, in 2011, the city of 
Toronto diverted 16% of their multi-residential 
building organic food waste from landfills, in 
contrast to single-family homes, which diverted 
66% of their organic food waste [2]. 

2. DESIGN DESCRIPTION 
The system designed is specifically for new 

apartment buildings, where organic waste 
diversion rates are especially low. It is proposed 
that all of the methane will be captured from food 
waste produced within an apartment building by 

diverting the waste to an anaerobic digester 
located outside of the building.  

The Green Bin system is unpleasant to use 
and storing rotting food in a kitchen is not 
appealing. The smell is offensive and the bin must 
be cleaned out regularly. An additional proposed 
goal is thus to create a more pleasant experience 
by implementing a system that will make it 
convenient for users to divert organic waste. 

Food waste is collected from each apartment 
via a garburator (garbage disposal) installed under 
each kitchen sink. The user must simply send their 
food waste down the drain, run the tap and flip a 
switch to turn on a garburator. The switch 
simultaneously actuates an automatic valve, which 
directs the output from the sink to the digester. The 
food waste travels along an alternate set of pipes 
connected to the digester instead of to a 
wastewater treatment plant. When the switch is 
turned off, the valve returns to its normal position, 
directing food waste to treatment facilities. The 
valve diversion prevents any additional loading on 
municipal wastewater processing. 

Figure 1: Organic Waste Delivery System 



The garburator provides the dual purpose of 
grinding up the food waste and adding water, 
which is needed for low solids anaerobic digestion. 
The water from the sink also serves as the 
transportation mechanism to the digester.  An 
illustration of the organic waste delivery system is 
provided in Figure 1. 

An anaerobic digester requires mixing to move 
methanogens and food particles around and to 
distribute heat. Specific mixing and heating 
requirements depend largely on the size of 
digester, and are dependent on the size of the 
apartment building. The digester operates in the 
mesophilic range (around 37ºC) and is single 
stage. These decisions were made to minimize 
costs. 

The main concern of the design was not 
digester design specifics, as digesters are 
available commercially. The focus was placed 
instead on making sure the system could provide a 
suitable input for anaerobic digestion. Since the 
system accepts output from a sink, soap is likely 
part of the digester input. Experiments were 
designed and conducted to determine if soap was 
a significant inhibitor to methane production. 

3. EXPERIMENT AND DATA ANALYSIS 
The effectiveness of anaerobic digestion is 

influenced by a variety of factors such as pH, 
organic loading rate, temperature, and mixing 
rate.  Existing literature is sparse on the effect of 
soap on digestion.  

Batch experiments were developed using a 
mixture of food waste (substrate), seed from an 
existing digester that contained the methanogens 
(bacteria) needed to start the reaction, and varying 
concentrations of regular and anti-bacterial soap. 

Duplicate samples with no soap were 
compared to samples with high, medium, and low 
concentrations of regular and antibacterial soap. 
The medium concentration was based on a 
standard concentration used to wash a sink full of 
dishes. The high concentration was ten times the 
medium concentration, and the low concentration 
ten times lower. 

Over a period of 22 days, the volume and 
quality of biogas produced from each sample were 
monitored using a manometer and a Gas 
Chromatography (GC) machine.  The key findings 
did not show a significant difference between 
regular and anti-bacterial soap.  High 
concentrations of soap yielded a better methane 
production than lower concentrations of soap.  The 

highest producer of methane was the “control” 
bottle that contained no soap. 

It can be concluded that soap is not a 
significant inhibitor to anaerobic digestion and so in 
this respect input from a kitchen sink is suitable. 

4. ECONOMIC FEASIBILITY 
A challenge to the design was its economic 

feasibility, since most digesters are built for larger 
amounts of waste. The cost of the prototype was 
used to estimate the cost of the collection unit. A 
similar style large-scale digester was used as an 
estimate for the cost of the one in the design.  The 
cost of the collection systems and the digester was 
amortized over 8 years to determine the operating 
cost per kg of waste. The current rate for natural 
gas was subtracted from the cost of the overall 
system, providing a rough estimate of about $40 
per person, assuming that each apartment is 
single occupancy. With an average occupancy of 
2.5 people per unit, it would cost $23 per person 
per year. This cost does not take into account the 
digestate, which is a valuable product that could be 
sold or used locally as a fertilizer.  

This would be a reasonable investment since 
for a person renting an apartment paying $500 per 
month it would be only a 0.6% price increase in 
rent pay for the digester in 8 years and an even 
smaller amount after that to maintain in it.  

5. CONCLUSION 
The system designed will help reduce the 

methane emissions of landfills, increase the 
organic waste diversion rate of apartment buildings 
in many major sites in Canada, all while making 
the experience of taking out the trash a more 
pleasant experience. 
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