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STATEMENT OF NEED
The amount of food Americans discard is shocking. In 2014, more than 38 million tons of food waste was generated,
with only 5 percent diverted from landfills and incinerators for composting (EPA 2014). The Environmental
Protection Agency (EPA) estimates that food waste constitutes 21.6 percent of discarded municipal solid waste, and
that more food reaches landfills than any other single material (see Figure 2.) (EPA 2014). Globally, the statistics do
not differ much from the current state of food waste in America; nearly one-third of the food produced in the world
is wasted, compared to 40 percent in America.
The United Nations estimates that 795 million people, one in
nine, do not have access to a sufficient amount of food to lead
a healthy life (World Food Programme 2008). Furthermore,
one in three suffer from malnutrition, a leading cause of
death in impoverished areas. Food wastage is not only morally
irresponsible, but also causes major economic losses as well
as severe damage to the environment. Figure 1. (right)
portrays the dominance of malnutrition-related deaths to ten
leading causes of death.
Food wastage includes food loss during upstream
production, yield handling and storage phases in
Figure 1. Hunger-associated fatality compared to 10
addition to food waste during downstream processing,
leading causes of death (retrieved from
distribution, and consumption phases (Balk 2005). The Food and http://www1.wfp.org/)
Agriculture Organization reports that while higher and middle
income regions showed greater food waste during downstream and consumption phases, developing countries had
greater food loss during upstream processing due to lack of
proper harvest techniques and technology (FAO 2017).
The decomposition of food waste in landfills generates
methane, a green-house gas with twenty-one times the global
warming potential to that of carbon dioxide (Greenhouse Gas
Protocol 2007). Food waste also represents a major waste of
ground water resources and energy accounted for throughout
production and processing. According to the U.S. Department
of Agriculture, agriculture demands over 70 percent of the
world’s water usage (USDA 2017).
While efforts must be made to reduce food waste on a global
scale, food composting represents an environmentally
beneficial solution. Composting diverts food waste from
landfills and converts it into a nutrient-rich soil amendment.
Composting provides a number of benefits to the soil. Composting
serves as a natural fertilizer and pesticide, reduces erosion and

Figure 2. Types of waste in America
(retrieved from https://www.usda.gov/)
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nutrient run-off, and restores nutrient capacities in the soil (McLatchey et al. 1998).
As Tom Philpott wrote in an introductory essay to Grist’s Feeding the City series, urban agriculture took a huge hut
once combustible-fuel machines replaced horses, and horse manure, as the vehicle of choice in cities (Hanson
2009). If provided the means, city dwellers can help divert tons of organic matter by subscribing to a composting
service. More than ninety U.S. cities and communities offer municipal food-waste collection (USCC 2015). The city of
San Francisco collects more than 500 tons of food waste per day and sends it to a processing facility, which turns it
into compost and sells it to local farms (Tyler 2010). This composting service keeps 75 percent of San Francisco’s
trash out of landfills.
Milwaukee, Wisconsin, is no different and has jumped on the composting bandwagon in recent years. Several startups such as Compost Crusader and Purple Cow Organics provide services for food waste pick-up every few weeks –
which is where an engineering solution comes into play (Purple Cow Organics 2016). My group plans to design a
pod-like composting apparatus that will process the food waste from one hundred Milwaukee households. As the
demand from farmers for fresh compost is not enough, the compost produced from our system will likely supply
green infrastructure projects in the city. Ideally, the system will be scalable, minimize odors, require minimal
physical labor and the lowest possible energy cost by potentially running on solar energy. Several sensors will be
appended to the system including temperature, pH, oxygen flow, carbon to nitrogen ratio, electrical conductivity,
and moisture content monitors. The product will ideally operate as an independent pod with a targeted retail price
of $5,000. A self-sufficient composting system will not only bring awareness to the food wastage epidemic, but also
promote the Milwaukee economy.

PROJECT GOAL
We aim to design an economically feasible, aerobic composting system that will accommodate for 100
Milwaukee homes with the potential to be scalable, and will produce a high-quality compost while minimizing odors.

DESIGN SPECIFICATIONS
1.

2.
3.

4.
5.

Particle size – 90% of the compost shall pass through a 0.75-inch screen. This ensures optimum surface
area for which microorganisms may feed while also creating a homogenous pile which improves insulation
(NR 502.12(13)(j) Wis. Adm. Code).
Windrow size – Maximum windrow and minimum windrow spacing shall match the capability and
requirements of the equipment utilized at the facility (NR 502.12(10)(f) Wis. Adm. Code).
Oxygen content – Must not fall below 10% in large pores, which is the threshold for which anaerobic
microorganisms can thrive. Pile must be mechanically aerated to ensure proper oxygen flow. Windrow
height, structure and porosity shall be designed and maintained to ensure adequate air flow and prevent
anaerobic processes (NR 502. 12(10)(d) Wis. Adm. Code).
Temperature – A minimum pile temperature of 131 deg. Fahrenheit is to be maintained for three days in
order to destroy weed seeds or plant pathogens (NR 502.12(16)(b)3 Wis. Adm. Code).
Physical contaminants – The compost shall contain less than 5% combined glass, metal and plastic. Raw
materials shall be sorted as needed to ensure that materials are readily compostable (NR 502.12(10)(a)
Wis. Adm. Code).
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6.

7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Run-off—Run-off from the composting area shall be discharged to a gently sloping vegetated area of
sufficient size to prevent erosion and any discrete discharge of liquids or suspended solids (NR
502.12(11)(a) Wis. Adm. Code).
Organic matter/ ash content – At least 40% organic matter; less than 60% ash content. Ash shall be
disposed of at a solid waste facility licensed by the department to accept the material (NR 502.09(5)(n) Wis.
Adm. Code).
Carbon to nitrogen ratio – Appropriate sensors will maintain a 10-20:1 C:N ratio for a balanced food source
for microorganisms (NR 502.12(12)(b) Wis. Adm. Code).
pH – Maintain between 5-8 for optimal performance from compost microorganisms and as an indicator of
nutrients in the soil (NR 502.12(13)(f) Wis. Adm. Code).
Soluble salts – Electrical conductivity of the composting soil will be below 10 dS m-1 as an indicator of
available nutrient absorption by crops (NR 502.12(15)(a)2 Wis. Adm. Code).
Moisture content – Maintain between 40% and 60% for optimal aerobic composting (nR 502.12(10)(g) Wis.
Adm. Code).
Maturity – The compost shall be free of compounds such as ammonia and organic acids in concentrations
toxic to plant growth (NR 502.12(16)(d), Wis. Adm. Code).
Pathogens – The compost shall meet the Class A requirements for pathogens as specified by s. NR
204.07(6)(a), Wis. Adm. Code.
Chemical contaminants – The compost shall meet the high-quality pollutant concentrations as specified by
s. NR 204.07(5)(c), Wis. Adm. Code.
Monitoring, recordkeeping and reporting – Samples of the finished compost shall be collected every 2,000
tons with a minimum of one sample per year (NR 502.12(15)(a)1 Wis. Adm. Code).
Physical labor demand – Require minimal physical labor and monitoring
Energy demand – Must be powered by solar energy or mostly self-sufficient

PROJECT OUTPUT
The end result of this project will be the creation of a scalable working prototype that includes the necessary
sensors and monitors as specified above. This model will be designed in SolidWorks, and appropriate analyses will
be conducted before implementation. After the model is tested in the field, the product will ideally be put on the
market for sale.
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