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Abstract: With people getting increasingly familiar with climate change adaptation,
composting has become a popular way for people to take action on protecting the earth. In
the U.S., 30-40% of the food supply is wasted, and in restaurants, 74% of the waste is
organic material. In 2018, the EPA estimated that 2.6 million tons of food (4.1% of food
waste) was made into compost. However, there are two different kinds of composting:
sending waste to a composting company (offsite composting) or composting at the place
where waste creates (onsite composting). The author conducted a case study at a high
school in Pennsylvania, USA, and designed a Bokashi composting experiment and an
evaluation model to compare the economic cost and carbon dioxide (COz) emission for
onsite and offsite composting. The study finds that the cost of 1 kg of food waste for onsite
composting is $0.29 and that for offsite composting is $0.22 (a 24% reduction). However,
in this case, the onsite composting causes 0.014 kg of carbon dioxide equivalent (CO2¢e) per
kg of food waste, while the mission of offsite composting is 0.035 kg of COze. It means
that switching from offsite to onsite composing would result in a reduction of 21 kg of COze
for 1000 kg of food waste, which is the amount of waste produced by a high school campus
with 400 people within just about five days to a week. It is worth knowing that 21 kg of
CO2e equals the amount of CO2 a mature tree can capture in an entire year. Therefore,
onsite composting costs are higher but have more environmental benefits than offsite
composting.

1. Introduction

Early in the middle age of Europe, food waste became the source for managing the soil. However,
as time went on, in the early 20th century, the soil was damaged a lot. The growing population and
urbanization lead to the higher food requirement; thus, the government started to use synthetic
fertilizer to improve the production. They also encourage and appeal farmers to use synthetic fertilizer
which absolutely harms the soil a lot. Until recently, more and more people started to study Organic
agriculture and gardening, the agriculture study about soil health got popular. Barack Obama installed
composting bins in White House [1], Eliot Epstein wrote a book called “The Science of Composting,”
and scientists around the world published tons of articles about composting [2]. Also, solid waste,
sewage sludge, biosolids and landfill costs got more and more attention from people. Especially about
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the landfills, it drives the increase of one of the greenhouse gasses, methane, which damages the
atmosphere more than 20 times worse than carbon dioxide (COz2) [3].

To solve this problem, composting is a good way to change those organic waste to things that can
be used for gardening and agriculture products. Composting is one layer of soil and is also a biotic
process which uses microorganisms to metabolize easily degraded organic matter into nutrient-rich
humus [4]. By doing composting, it not only helps with improving the soil fertility but also helps
repair soil that has been damaged by hydrocarbon, heavy metal, or chemical pollution, and even help
filter pollutants from stormwater runoff.

Composting is one of the most important actions for Climate Change Adaptation. Different from
trying to help earth back to states like a hundred years ago, the idea of Climate Change Adaptation
points out that people should learn how to live under the changing climate. By doing this, the
researcher reduces the vulnerability that humans can be affected by the climate and even get benefit
from it. To cater to this idea, how to deal with trash people every day has become a controversial
topic to discuss. In America, 30-40% of food supply gets wasted, and in the restaurant, 74% of the
waste is organic material [5]. Due to the large amount of waste, people start to take action. In 2015,
the president of America ordered Federal agencies to do their best to achieve “Zero-waste” by
recycling and composting the non-hazardous waste. In 2018, EPA estimated that 2.6 million tons of
food (4.1 percent of wasted food) got composted. Different regions in America started to vigorously
deploy “Zero-waste” construction; for example, San Francisco, which is the most environmentally
friendly city issued the “C40 Comprehensive Promotion of Zero Waste Declaration,” and seated up
high development goal of “Zero-waste city”” and invited many cities around the world to jointly sign
to promote “no-waste” construction [6].

Indeed, there are many ways of composting, and the way the researcher will talk about in this essay
is Bokashi. This is a method based on the fertilization of food waste. The history of Bokashi can be
traced back to ancient Korea and Japan. The first group of people buried their food waste and let
microbes in fertile soil break down food waste to improve the production. For now, Bokashi connects
food waste with specific microbes, and then solidifies or adds the resulting material to regular
composting [4]. It is an anaerobic composting process, which does not cause many odors. However,
besides the different methods for composting, there are also two ways for where to do the compost.
Taking the waste to the composting company to process is called “offsite composting;” doing
composting by people themselves in their home, at school or at their company where the waste
primarily created is called “onsite composting.” Onsite composting has been considered an alternative
method for restaurants in San Francisco to dispose of their organic waste. According to the experiment
on one large Emeryville restaurant, the onsite composting illustrated the most value both on
ecosystem and economy [7].

Does onsite composting by people themselves benefit more or off-site composting is better for the
environment? In this paper, the author developed an experiment and an evaluation model to compare
the carbon emission for both the onsite and offsite composting, collected and analyzed experiment
data, and discussed advantages and disadvantages for both ways. After getting the result from this
research, facilities with large amounts of food waste such as school campuses and office buildings
can refer to the experiment and evaluation methods to determine whether onsite or offsite composting
fits better for a specific site. Besides, if a school would like to do onsite composting on campus,
students can participate in the process of making the bin and observe during composting. It can not
only engage students in community engagement and project-based learning, but also improve their
awareness of protecting the environment.
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2. Method
2.1. Preparation

First, the researcher collected the basic information about on and offsite composting for the school,
so a brief comparing form including location, effort, duration, benefit and limitation for both sites
was created. After that, a specific onsite composting system was designed and built, which, for this
case, is a Bokashi composting system. Before conducting the experiments, the researcher also listed
out the procedure of the experiments, all the materials needed, and calculation methods to estimate
CO2e and monetary costs of both onsite and offsite composting.

2.2. Onsite Composting Experiment

Table 1: Bokashi Composting Steps.

Items needed Step 1 Step 2 Step 3
Preparation | - Two 3-5- Drill a few holes at the - Drill another hole on the side | - Put the 1%t bucket with holes in
gallon buckets bottom on one bucket. on the 2" bucket. the 2" bucket and air tight as
- One spigot and - Install spigot to the side of much as possible - Put a thin
the one the 2" bucket and make sure layer of tape inside the outer
connecting tube it is at the place where liquid bucket to tight them to make it
- drill can outflow. tighter if needed.
Composting | - Bokashi bran - Add one layer of bokashi | - Add something heavy (like a | - Close the lid, but stir the waste
- Food waste at the bottom of the bucket. | plate) on top to provide an every day.
(fruit from - Put food waste in, no more | anaerobic environment (no air | - Observe the changes daily for a
dining hall) than two inches. at the top. few days until bokashi tea is
- one plate - Add bokashi on the top of | - Press down to make sure the | formulated.
food waste. bucket is air free.
Application | - Water - Drain bokashi tea from - Let the waste in the bucket Three ways to use the fertilizer:
of fertilizer | - Jars spigot. sit for two weeks until it 1. Bury it in fallow ground two
- Gloves - Mix a teaspoon of bokashi | become fertilizer. weeks before plantation to avoid
tea in a gallon of water and | - Take out the fertilizer and harms of its acidity.
use it to water (apply the apply to plants. 2. Feed it to worm farm.
bokashi tea within a day for 3. Add it to traditional compost
best results). piles as a booster.

The container use to do the composting should look similar to figure 1.

Figure 1: Bokashi Composting Container.
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2.3. Assumptions

Since some of the data is difficult to accurately measure, there are some assumptions in this
calculation. First, the researcher assumed that each composting bucket contains 8 kg of food waste.
1 gallon is equal to about 3 kg and considering that there will be Bokashi bran and some empty place
at top, the 3-5-gallon should contain about 8 kg of food waste. What’s more, the researcher assumed
that the life cycle of the bucket is 100 times of use and so do the thrush can for offsite composting.
This is because the thrush can used in the school dining hall needs to change in about three months,
and that’s nearly 100 times using. Also, the food waste per meal was assumed to be about 20 kg
because the researcher measured her own food waste weight, about 150 g, and times it by the border
number, which is about 130 people. Lastly, the researcher assumed that each 8 kg of food waste need
to use 0.02 kg of bokashi bran. This is because the diameter of a 3-5-gallon bucket is about 20 cm,
and the need of Bokashi bran is just a thin layer, 20g should be enough.

2.4. Offsite Composting

For the offsite composting, there is a composting company called DAMA Compost Facility at
Dallas, PA 18612. School collects the food waste and sends it by truck to the composting company.
Since the facility is near the researcher’s school, the transportation emission is not extremely high.
For the composting method, the company puts waste in a drum, silo, or concrete-lined trench and
controls the environment with a waste management facility. It takes about three months for the facility
to create dark soil products which contain high nutrient in it and sell them to farmers around.

2.5. Comparing On/Offsite composting

The onsite composting only takes two weeks to a month to complete and get the final product, but
the offsite composting needs way more time to finish. Also, the product created by onsite can be used
directly on school plantations, but if the researcher sends the waste to the facility, there is no feedback.

2.6. Limitations

Because of the difficulty of finding accurate data, this experiment has two limitations. First, the
carbon emission of a composting company, Bokashi bran making and car for transportation are
estimated numbers because they cannot be accurately calculated out. Second, the carbon emission
from place of production to market is estimated because it’s hard to directly trace back.

3. Findings and Analysis

This chapter presents the experiment results and compares the costs and carbon emission of the
Bokashi and offsite composting. Further, it provides recommendations for school composting and
discuss feasibility of Bokashi composting.

3.1. Cost of Composting

Within Onsite composting, the most expensive is the Bokashi bran. This is because it is too
difficult to make it by ourselves and the researcher needs to buy it from a shop. For the offsite
composting, labor cost the most fee. For the onsite composting, the economic cost per kg of food
waste under 100 times used for onsite composting is $0.29. This number is calculated by finding the
unit price of each item needed in the system, finding the quantity needed and calculating the total
price. Since the goal is to calculate the cost per kg of food waste composting, and there is the
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assumption that the item’s life cycle are 100 times using, the total price needs to be divided by 800
(8kg food waste/bucket * 100 times using). There are many items that need to be used in onsite
composting, like spigot, bucket. But the prices are quite similar, they are all within the range of
$0.001-0.004 except Bokashi bran.

Table 2: Cost and CO2 Emission of Onsite. Composting
[81[91[10]1[11][12][13][14][15][16][17][18][19][20][21][22].

Cost per Kg of Food | CO2e Emission per | CO2¢e Emission per Kg
Amount | Cost per | Waste) (Under 100 | Item (Kg CO2e/Kgor | of Food Waste (Kg
Item Quantity| (Kg) Item ($) Times) /Km) COze/Kg or /Km)
Bucket (PET) 2 1.940 5.00 0.0125 2.55 0.006
Spigot (PET) 1 0.029 3.50 0.004375 2.55 0.0001
Bokashi bran -
plastic bag (LDPE) | 0.02 0.020 13.04 0.2608 6.00 0.0002
Bokashi bran -
molasses (sugar) 0.07 0.070 13.04 0.2608 0.27 0.005
Bokashi bran -
(wheat bran) 0.03 0.030 13.04 0.2608 0.56 0.001
Plate (ceramics) 1 0.490 3.00 0.00375 1.22 0.001
Jar (PET) 1 0.062 1.50 0.001875 2.55 0.00007
Metal cover of jar
(Aluminum) 1 0.020 1.50 0.001875 21.60 0.001
Gloves (LDPE) 1 0.013 0.09 0.01125 6.00 0.000002
Paper box (of
gloves) (paper) 1 0.035 0.09 0.01125 1.23 0.00004
Total / / 0.2946 0.01400

In Table 2, since the researcher needs to build her own onsite composting system, the CO2e
produced by products manufacture like spigot and buckets needs to be calculated. While Table 3
shows the offsite method of transporting waste to the factory for processing, which mainly shows the
CO2e generated from waste storage and transportation. It is worth mentioning that Table 3 contains a
potential cost because offsite composting lacks a fertilizer produce compared to onsite, so the school
needs to purchase additional fertilizer.

Table 3: Cost and CO2 Emission of Offsite Composting with Purchase of Composted Fertilizer
[18][19][20][23][24][25][26][27][28].

COze Emission per
Cost per Kg of COze Emission Kg of Food Waste
Unit for | Cost per Food Waste) per Item (Kg (Kg CO2e/Kg or
Item Quantity | Amount| Amount | Item ($) | (Under 100 Times) | CO2¢e/Kg or /Km) /Km)
Trash can (PET) 2 2.720 Kg 25.00 0.00119 2.55 0.00033
Bag (paper) 18 1.332 Kg 0.52 0.02229 1.23 0.00070
Transportation 2 28.60 Km 39.50 0.09405 0.25 0.03439
Labor 3 $ 150.00 0.1071 / /
Total 0.2247 0.035
Generated fertilizer
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Potential purified

fertilizer 12.1 121 g 12.25 0.1531 5.60 0.012
Potential diluted
fertilizer 3 11.37 L 1.75 0.06563 / /

Potential plastic
bottle per gallon of
water 1 0.02 Kg 0.02 0.000025 2.55 0.000

Total / / 0.2187 0.012

Also, there is a potential benefit of onsite composting that the final purified fertilizer can be used
at school. Since then, school doesn’t need to buy other fertilizers. For offsite composting, the cost per
kg of food waste is $0.2247. The total price of this composting can be found using the same method
as onsite composting. However, when the food waste gets transported to the composting company,
each truck carries about 420 kg of food waste. Therefore, the total price needs to be divided by 420.
For items like trash can, it also has a life cycle for 100 times using, so the dividing number is 42000.

Transportation and labor fees are the largest economic costs for offsite composting. Based on the
result, the offsite composting costs $0.07 lower per kg food waste than onsite composting. However,
there is a potential cost for offsite composting for the fertilizer that needs to be bought additionally,
which costs $0.2187 per 100 times. Though it costs more money for onsite composting to work, it is
a small amount that should be affordable for schools. Consider the whole life cycle for the composting
system, which is to use it 100 times, it only cost $218.7 difference. Also, when the solution of
environmental problems causes conflict with economics, some compromise needs to be made.

3.2. Carbon Emission of Composting

Comparing the carbon emission, for the onsite composting, it causes 0.014 kg of COze per kg of
food waste, and for offsite composting the cost is 0.035 kg of COze per kg of food waste. The
researcher calculates the carbon emission by finding material that makes up the item, and search for
unit emission for the material, then times the unit emission with total weight of item. The difference
again happens on the dividing number: for onsite composting, the dividing number is 800 and for
offsite composting, the dividing number is either 420 or 42000.

The environmental benefits brought by onsite composting is clear. It leads to a reduction of 21 g
of CO2e per kg of food waste composting compared with offsite composting. This difference is
mainly caused by the transportation process for offsite composting. The carbon emission for
transporting is 0.034 kg of CO2e, which takes up nearly 98% of total emission for offsite composting.
The emission only count for transportation is higher than the total emission for onsite composting.
Therefore, switching from offsite to onsite composing would result in a reduction of 21 kg of CO2e
for 1000 kg of food waste, which is the amount of waste produced by a high school campus with 400
people within just about five days to a week. It is worth knowing that 21 g of COze is the number of
CO:z2 that can be redacted by a mature tree for a whole year [29].

3.3. Recommendations for School Waste Composting

Based on the experiment results, there are some recommendations that can be made to schools
who plan to compost their food waste. First, because of the evident finding of the onsite composting’s
environmental benefits, if economic conditions allow, conducting more onsite composting causes less
CO2 emission than offsite composting. However, if offsite composting is the only choice, choosing a
place that is near the waste origin would be a good choice since the transportation causes the majority
of the CO2z emission through the entire process. There is another exception that when the Bokashi
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bran and buckets need to be transported to the school, reconsider if it causes a huge amount of
emission that is greater than offsite. Because some product may need to be transported from a long
distance away that may cause even more emission.

4. Conclusion

Composting is one of the most popular topics people talk about to process food waste. To help
organizations like schools to find the most beneficial way to do their composting, this essay helps
evaluate the economic and environmental cost for onsite and offsite composting. By doing an onsite
composting experiment and finding data, the researcher calculates the unit economic cost and carbon
emission for both ways. Eventually, the researcher calculated the cost per kg of food waste for onsite
composting as $0.29, while the cost for offsite composting is $0.22 (a 24% reduction). The
environmental costs, though, are 0.014 kg of COze per kg of food waste for onsite composting and
0.035 kg of COze for offsite composting.

Clearly, the environmental cost of onsite composting is lower than offsite. However, the tradeoff
is that the monetary cost for onsite composting is higher than offsite composting. But the impact of
onsite composting can be profound: high schools can utilize the produced fertilizer onsite for its plants,
reduce carbon emission, and engage students and faculty to sustainable living and environmental
protection. To further improve this study, researchers can increase the complexity of the evaluation
model and consider conditions that fit to specific school or office sites. Still, school administrators
can use the model of this case study to easily evaluate the economic and environmental costs of the
two kinds of composting and make rational and sustainable composting plans accordingly.
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