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ABSTRACT

This study explores the environmentally innovative and low-impact technology, a zero food waste system (ZFWS) that utilizes food waste
and converts it into composts or biofuels and curtails carbon emissions. The ZFWS not just achieves food waste reductions but recycles food
waste into fertilizer. Based on a fermentation-extinction technique using bio wood chips, the ZFWS was employed in a field experiment of
the system installed in a large-scale apartment complex, and the performance of the system was examined. The on-site ZFWS consisted of
three primary parts: 1) a food waste slot into which food waste was injected; 2) a fermentation-extinction reactor where food waste was
mixed with bio wood chips made up of complex enzyme and aseptic wood chips; and 3) deodorization equipment in which an ultraviolet
and ozone photolysis method was employed. The field experiment showed that food waste injected into the ZFWS was reduced by 94%.
Overall microbial activity of the food waste in the fermentation-extinction reactor was measured using adenosine tri-phosphate (ATP), and
the degradation rate of organic compounds, referred to as volatile solids, increased with ATP concentration. The by-products generated from
ZFWS comply with the national standard for organic fertilizer.
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Rapid urbanization and industrialization driven by intensive eco-
nomic development has transformed the urban landscape of South
Korea, with large-scale and high-density housing. A massive sup- 15000 -
ply of apartments in the second half of the twentieth century
has changed the profile of the national housing stock; the pro-
portion of this type of housing has grown from 7.0% in 1960 5000 1
to 59.0% in 2010 such that the proportion of total households

residing in this housing jumped from 4.9% in 1960 to 47.1%

in 2010 [1-3]. With the growing number of households (from 7 Annual generation of food waste

8 million in 1960 to 17.3 million in 2010) [2-3], modernized =~  ----- Ratio of food waste to household waste
lifestyles have increased the generation of both household waste Fig. 1. Food waste generation in Korea.
and food waste (Fig. 1). Thus, high-density living coupled with Source: KME (1993 to 2014)

a wide array of daily activities has substantially contributed to
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Annual change of food waste generation

global warming. dioxide (CO,) in high-density housing, where many people live

Climate change is one of the world’s greatest issues, and the and their daily activities occur, are important. CO, is widely known
Paris Agreement, adopted in 2015, sought to mitigate global as a major greenhouse gas in the building industry, and its reduction
warming. Efforts to significantly reduce the emission of carbon is imperative [4-6].
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As the pressure to provide low-impact housing increases,
numerous technologies have been applied to drastically lower
carbon emissions in apartment complexes, which in turn re-
duces greenhouse gases, prevents global warming and tackles
climate change [7-8]. Food waste in apartment complexes is
considered a primary factor in quality of living and has gained
attention as an important pool of biomass that can reduce carbon
emissions [9-14]. In fact, the main source of food waste gen-
eration in South Korea is the residential environment, and in
2010, more than one-quarter of household waste (28.8%) was
food waste [15]. Given that local governments are responsible
for managing food waste in their jurisdiction and a substantial
portion of the budget is allocated to management costs, recycling
food waste is important and becomes more important as the
1996 London Protocol affects the nation. In fact, the annual
waste management cost of the nation continues to grow, and
the proportion of the cost to the national expenditure was 1.4%
in 2010 [12, 13, 16].

While much food waste has been recycled (Fig. 2), the recycling
is largely limited to livestock feed and fertilizer. Innovative techni-
ques for both food waste reduction and the recycling of food waste
into useful resources have been discussed. When food waste can
be disposed of with adequate bio-energy techniques in apartment
complexes, a zero food waste system (ZFWS) becomes an ideal
and practical solution [17-18]. In fact, food waste daily produced
in each unit of Korean apartment complexes is usually brought
to a designated food waste collection bin within the complex,
and the collected food waste is transported to a range of waste
treatment plants such as incineration, anaerobic-aerobic digestion,
compost and recycling facilities. On the contrary to the current
food waste management system, the ZFWS treats food waste by
using eco-friendly technology, so-called a fermentation-extinction
technique, which makes use of bio wood chips, and also by-products
in the technological process can be recycled as composts or bio
fuels.

The purpose of this study is to explore the ZFWS embedded
in a fermentation-extinction technique using bio wood chips. The
performance of the system will be investigated in an apartment
complex.
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Fig. 2. Disposal of food waste in Korea.

Source: KME(1993 to 2014)
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2. The Concept of a Zero Food Waste System

In South Korea, food waste produced in each unit of an apartment
complex is brought to a designated waste collection bin in the
complex. The collected food waste is transported by trucks to
a range of waste treatment plants, such as incineration, anaero-
bic-aerobic digestion, composting and recycling facilities. The cur-
rent handling is accompanied by an offensive odor and leachate,
leading to complaints.

A ZFWS specifies that food waste is treated with environmental
friendly technology by using a fermentation-extinction technique,
which uses bio wood chips to improve porosity. In this system,
food waste is immediately recycled into composts or biofuels.
Thus, ZFWS not only reduces food waste but also recycles it into
useful resources. Not only can the system create a living environ-
ment that virtually eliminates food waste but also organic fertilizer,
the by-products of the ZFWS, can be used in gardens of apartment
complexes. In fact, the innovative system can provide an oppor-
tunity to enable residents to grow fruits and vegetables in their
community garden of an apartment complex, stimulating residents’
participation in community activities leading to a sense of
community.

Fig. 3 illustrates how a ZFWS works in an apartment complex.
The diagram indicates that food waste generated at home is not
stored, packed and collected for further treatment or management.
The by-products from the ZFWS can be used as an organic fertilizer
for gardening in apartment complexes, so this innovative system
can stimulate an opportunity for building community by allow
residents to get involved in a community garden and its activities.

Food
Waste

Disposal

Recycling

Compost

Fig. 3. Schematic diagram of zero food waste system (ZFWS).
Source: Oh & Lee (2013)

3. Materials and Methods

3.1. Experimental Set-up of the ZFWS

To test the performance of the ZFWS, a field experiment was
conducted in a large-scale apartment complex in Seoul, Korea.
The experimental ZFWS was designed to treat 50 kg of food waste
per day and consisted of 3 technical parts (Fig. 4). The first con-
stituent was a fermentation-extinction reactor, which mixes food
waste with bio wood chips exclusively made up of complex en
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Infusion of food waste into
the experimental ZFWS
(50 kg/d)

Extinction of infused food
waste during 24 h

Fermentation reaction of
infused food waste mixed
with bio wood chips

Fig. 4. In situ experimental setup of the ZFWS for the disposal of food waste in an apartment complex.

Source: LHI(2012)

Table 1. Details of ZFWS'’s Field Experimentation

Category Description
Size 1.8 m (L), 1.2 m (W) and 1.1 m (H)
Weight 700 kg

Treatment capacity

50 kg/d (food waste)

Treatment type

Aerobic fermentation

Electricity use

10 kWh/d

Overall structure

Elevation 1

Elevation 2

Deadorization
Equipment

Source: LHI (2012)
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zymes and aseptic wood chips. These ingredients are supposed
to ensure free air space to adequately supply oxygen, to minimize
foul odor and to reduce volatile organic compound (VOC) emission.
The second component was deodorizing equipment in which an
ultraviolet (UV) light and ozone photolysis method was employed.
The last element was a food waste slot into which food waste
brought by residents was injected.

The established ZFWS was 1.8 m long, 1.2 m wide and 1.1
m tall, weighed 700 kg, and consumed 10 kW per day of electricity
in Table 1. Food waste was treated with an aerobic fermentation-ex-
tinction technique using bio wood chips which contain complex
enzymes and aseptic wood chips [19-20].

3.2. Operation and Monitoring of the ZFWS Field Experiments

The on-site ZFWS was operated and controlled through constant
conditions (Table 2). To adequately mix food waste with bio wood
chips in the fermentation-extinction reactor, the temperature was
maintained between 30C and 40°C. The air supply to the fermenta-
tion-extinction reactor was not measured.

In the beginning of the ZFWS field experiments, 50 kg of bio
wood chips were placed in the fermentation-extinction reactor, and
on average 11 kg of food waste per day were injected during the
experimental period. While there was no additional placement of
bio wood chips during the experiment, mixtures of food waste and
bio wood chips in the fermentation-extinction reactor slowly removed
its moisture during the operation, maintaining a moisture content
(MC) of 309% to 50%. The food waste was mixed at between 2 and
10 rpm to maintain the proper ambient temperature and aerobic pores.
It can be adjusted to vary operational conditions. When running the
ZFWS, the daily electricity use was on average 6.2 kWh, and it cost
approximately 485 KRW/kWh (3,007 KRW per day per household).

pH and salinity adjustments of the fermentation-extinction re-
actor were controlled to maintain the equal distribution of bio
wood chips and food waste and the recirculation of fermented
by-products, which are used to revitalize microbial activity.
Adequate ventilation of the fermentation-extinction reactor was
used to remove objectionable odors. The odor was sucked out
through deodorizing equipment when the food waste slot of the
ZFWS opens or closes, and UV and ozone photolysis reactions
worked to remove the odors.
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Table 2. Description of ZFWS Field Experiments

Category
Temperature of the reaction
Used bio wood chips
Maximum capacity of injected food waste
Running period
Mixing velocity
Adjustments of pH and salinity

Deodorization

Description
30-40C
50 kg
50 kg/d
220 d
2-10 rpm (food waste & bio wood chips)
Distribution of bio wood chips, recirculation of by-products

Air ventilation of the reactor to deodorization the equipment

3.3. Chemical Analysis of the ZFWS’s Food Waste Inputs
and Residues

The ZFWS field experiment was conducted from July 8, 2011
to February 12, 2012. During the 220-day experiment, food waste
was injected into the ZFWS on a daily basis, and the efficiency
of the food waste treatment was assessed by comparing the total
loading of food waste inputs to food waste mixtures with bio
wood chips in the fermentation-extinction reactor.

Injected food waste and mixtures of food waste and bio wood
chips in the fermentation-extinction reactor were analyzed for
volatile solids (VS), pH, salinity, and adenosine tri-phosphate
(ATP). ATP was a good indicator of microbial activity associated
with the bio wood-chips in the fermentation-extinction reaction.

4. Results

4.1. Weight Reduction of Food Waste

The weight change between food waste inputs and food waste
residues in the field experiment of the ZFWS was investigated.
Amount of daily injected food waste ranged from 18.5 kg to 25
kg during the 220-day experiment. The weight variations during
the experimental period are summarized in Table 3. The amount
of injected food waste in the on-site ZFWS was 2,465 kg in total,
but the food waste residues after the fermentation-extinction re-
action weighed 145 kg. Thus, the treatment efficiency of food
waste for the ZFWS is 94%. Food waste in the fermentation-ex-
tinction reaction might be removed within 24 h, before the next
injection of food waste into the ZFWS.

Table 3. Weight Change of Food Waste Inputs and Residues in the

ZFWS
Category Start date End date
(Jul. 8) (Feb. 12)
Accmulative input of food waste - 2,465 kg
Loading of bio wood chips 50 kg 50 kg
Food waste residues - 145 kg
Treatment efficiency - 94%

4.2. Composition Analysis

The composition analyses of the injected food waste and food
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waste residues were carried out. There are five indicators
for the mixture of food waste and bio wood chips in the fermen-
tation-extinction reactor — MC, VS, salinity, pH, and ATP
(Fig. 5).

Moisture Content (MC): The field experiment revealed clear
differences in the MC of food waste inputs and food waste residues
(Fig. 5(a)), which demonstrates the fluctuations in MC; the hori-
zontal axis (x-axis) displays the experimental period of the ZFWS
(220 d in total), and the vertical axis (y-axis) describes the chang-
ing MC of the injected food waste and the mixtures of food
waste and bio wood chips in the fermentation-extinction reaction.
The MC of injected food waste was an average of 74.2% (with
a minimum of 34.7% and a maximum of 92.3%), while the
MC of the mixture in the reactor was an average of 39.0% (with
a minimum of 27.0% and a maximum of 62.7%). On average
a 35.2% decrease in MC was recorded during the experimental
process.

Volatile Solids (VS): The mean concentration of VS for the
injected food waste was 90.9%, ranging from 60.8% to 99.2% (Fig.
5(b)). The VS concentrations for the mixtures retrieved from the
fermentation-extinction reactor 24 h later were between 64.4%
and 91.0%, with an average of 80.6%.

The early stage of the experimental period was during early
summer (from July to August of 2011), so the VS concentration
of the mixtures remained between 70% and 80%. In the middle
of the experimental period, autumn (from September to
November), the VS concentration varied between 80% and 90%.
As the experimental period approached its end, the organic VS
stabilized at approximately 80% during the winter (from
December to February). Consequently, the ZFWS, through the
fermentation-extinction reaction, resulted in an approximately
10% reduction in organic compounds. It was shown that the
organic compounds of the by-products generated from the fer-
mentation-extinction reaction stayed constant, although the
weight change for the injected food waste was 94% in the system.
In addition, the by-products of the fermentation-extinction re-
action in the ZFWS satisfied the national standard for organic
fertilizer in South Korea, which requires at least 70% organic
compounds. Even as the injected food waste in the ZFWS accu-
mulated over time, the mixtures in the fermentation-extinction
reaction maintained a steady level of VS without controlling
the bio wood chips.

Salinity: The salinity of the injected food waste fell between
0.1% and 1.1%, and the average value was 0.23% (Fig. 5(c)).
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Fig. 5. Changing moisture content (MC) (a), volatile solids (VS) (b), salinity (c), pH (d) and ATP (e) of the injected food waste and mixtures

of food waste and bio wood chips in the ZFWS.

Mixtures of food waste and bio wood chips in the fermenta-
tion-extinction reaction were examined 24 h after injection,
and the salinity changed from 0.2% to 0.9%, and the mean
value was 0.45%. The salinity of mixture in the reactor was
found to be approximately half that of the injected food waste.
The decreasing values can be attributed to the moisture loss
of the food waste in the process of the fermentation-extinction
reaction.

The salinity in the reactor gradually accumulated and became
slightly elevated over the experimental period. Since the field
experiment started in early summer (from July to August of 2011),
the salinity of the mixture was reduced to 0.4%. In autumn (from
September to November of 2011), the salinity dropped between
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0.3% and 0.6%. In winter, when the experiment finished (December
of 2011), the salinity of the mixture gradually rose and was main-
tained between 0.5% and 0.9%.

pH: An acidic pH contained in the injected food waste ranged
from 3.5 to 5.9, and the mean value was 4.3 (Fig. 5(d)). Within
24 h of the initial injection, mixtures in the fermentation-ex-
tinction reaction were collected and examined. The pH scale
varied from 6.2 to 8.9, and the average value was 8.3, indicating
a low alkaline pH. The results delineate that an adequate ratio
of injected food waste to bio wood chips was reducing acidity
and moving toward alkalinity as the fermentation-extinction
reaction progressed to an alkaline pH level. It was also noted
that by-products of the fermentation-extinction reaction re-
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mained at a constant alkaline pH even though food waste was
continuously added to the ZFWS during the experimental period.
More importantly, the pH level of the mixture in the fermenta-
tion-extinction reaction was continuously stable without control-
ling bio wood chips despite food waste being gradually injected
on a regular basis.

Adenosine tri-phosphate (ATP): The ATP concentration of the
injected food waste was on average 157 nmol/L (with a minimum
of 4.1 X 10* nmol/L. and a maximum of 1,660 nmol/L) (Fig. 5(e)).
From mixtures in the reactor retrieved 24 h later, the ATP concen-
tration was on average 631.2 nmol/L. (with a minimum of 5.8
x 10? nmol/L and a maximum of 2,310 nmol/L).

Because it widely known that ATP is an important catalytic
component of microbial metabolism, the results imply that bio-
logical activities of microorganisms increased with ATP hydrolysis.
By extension, the ATP concentration of the mixtures in the fermen-
tation-extinction reaction of the ZFWS escalated as the experiment
steadily progressed. In other words, the ratio of injected food waste
to bio wood chips was adequate. While the amount of injected
food waste in the ZFWS was mounting over time, the mixtures
in the reactor remained at a constant level of ATP without control-
ling the bio wood chips, which implies that microbial activities
in the fermentation-extinction reactor of the ZFWS became stable.
ATP is regarded as a good indicator in assessing organic degrada-
tion, so the compound is useful to detect the effects of the bio
wood chips in the fermentation-extinction reaction.

4.3. Comparison of the ZFWS’s Composition

Moisture Content (MC) and Volatile Solids (VS): Two sets of compo-
sition analyses were conducted on both the injected food waste
and the mixtures of food waste and bio wood chips in the fermenta-
tion-extinction reaction of the ZFWS. As presented in Fig. 6, the
first pair is the association of MC with VS, and as injections of
food waste escalated, the fermentation-extinction reactor of the
ZFWS lowered the MC and maintained the concentrations of VS
at a stable level. In other words, the by-products of the mixture
ensure a high quality of compost which conforms to the national
standard for an organic fertilizer.
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Moisture Content (MC)

» Injected food waste (input) o Mixture (throughput)

Fig. 6. Distribution of the MC and the VS of injected food waste and
mixtures of food waste and bio wood chips in the ZFWS.
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Salinity and pH: Fig. 7 describes the relationship between the
salinity and pH of injected food waste and mixtures of food waste
and bio wood chips in the ZFWS. This second pair shows that
both salinity and pH substantially decreased throughout the fer-
mentation-extinction reaction of the ZFWS. While the ZFWS con-
stantly received food waste during the experimental period, the
reactor lowered these two components, and the mixtures stayed
at a constant level of alkaline pH and a lower level of salinity,
producing by-products that can used as an organic fertilizer.

10

ju
N 8
le
Q E g o
. O I B 0
. o
6 © ’
2 4 A A
a B g [ &
2
o T T T T T 1
0.0% 0.2% 0.4% 0.6% 0.8% 1.0% 1.2%

Salinity
& Injected food waste (input) o Mixture (throughput)
Fig. 7. Distribution of salinity and pH of injected food waste and mixtures
of food waste and bio wood chips in the ZFWS.

4.4, Microbial Activities in the ZFWS

To assess the performance of the fermentation- extinction reaction
and to elaborate on the ZFWS model, the microbial activity of
the mixtures of food waste and bio wood chips was analyzed
during the experimental period. ATP was examined in association
with 4 components — MC, VS, salinity and pH (Figs. 8-11, re-
spectively). The findings revealed that the ZFWS stabilizes the
MC between 30% and 50%, maintains VS between 70% and 90%,
lowers the salinity below 0.8%, and maintains a pH value of approx-
imately 8. All the indicators show that microbial activities occur
in a stable and consistent way, supporting that the ZFWS produces
a high quality of organic fertilizer by fully using the food waste.
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Fig. 8. Distribution of ATP and MC in mixtures of food waste and
bio wood chips.
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5. Conclusions

This research proposed the ZFWS with fermentation-extinction
technology using bio wood chips as a new approach to reduce
carbon dioxide emissions, divert climate change and make the
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residential environment more sustainable. To evaluate the perform-
ance of the ZFWS, a field experiment was conducted on a large-scale
apartment complex. The on-site ZFWS treated up to 50 kg of
food waste per day for 220 d, and the treatment efficiency of
the food waste was assessed by comparing the weights of both
food waste inputs and food waste residues mixed in the fermenta-
tion-extinction reactor.

The field experiments found that the food waste residues in
the ZFWS weighed 145 kg, while a total amount of food waste
injected into the ZFWS during the experimental period was 2,465
kg. Consequently, the treatment efficiency of the food waste was
94%. A composition analysis was made within 24 h of food waste
injections into the ZFWS. The moisture content was on average
35.2% and decreased between food waste inputs and food waste
residues. The mixtures in the reactor of the ZFWS maintained
a constant level of VS, pH, salinity, and ATP without controlling
the bio wood chips during the experimental period. It was found
that quality of the by-products generated from the fermentation-ex-
tinction reaction in the ZFWS fulfilled the national standards for
organic fertilizer, which demand at least 70% organic compounds.
Therefore, the research implies that the ZFWS is not just an alter-
native solution to ensuring the quality of the residential environ-
ment in a sustainable way but also a stepping stone for mitigating
the global environmental crisis.
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