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Summary

Used cooking oil (UCO) is a low-carbon feedstock for biofuel that is both technologically
mature and commercially available. It is ideal for meeting existing biofuel mandates in
Europe and the United States, and Asian countries have been increasing exports of UCO
to these regions. In the European Union (EU), the Renewable Energy Directive (RED II)
incentivizes the use of UCO biofuel to meet renewable energy targets in transport, and
proposals to incentivize the use of renewable fuels in the aviation and marine sectors,
ReFuelEU Aviation and FuelEU Maritime, are likely to stimulate additional demand

for UCO in Europe. At the same time, the demand for UCO for biofuel within Asia is
increasing, as well.

This study estimates how much UCO is likely to be available from the six countries in
Asia that currently export the most UCO to Europe and the United States: China, India,
Indonesia, Japan, Malaysia, and the Republic of Korea. Based on a literature review

of restaurant, household, and food processing UCO production in each country, we
estimate how much UCO could potentially be collected and how much UCO is currently
collected. For restaurants and households, we base our estimates on urban areas
because we assume collection in rural areas would be too difficult. For food processing,
we use nationwide data. We also compare our current collection estimates to imports,
exports, and current use in biofuel production. Domestic use of UCO could also include
the illicit gutter oil market, where waste oil is collected from sources such as restaurant
fryers and sewer drains for re-use; however, this is not quantified in this study due to lack
of data.

Table 1is a summary of our estimates in the six countries, including ranges for current
collection. The estimates of collection potential assume 100% collection from urban
restaurants, 50% from urban households, and 100% from food processing nationwide,
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based on the idea that collection from businesses like restaurants and food processing
plants is easier than from households, especially in large amounts. We also list both
estimates of currently collected UCO and 2019 imports, and compare that with 2019
exports and UCO already used in biofuel. The difference between these categories

is shown in the final column. Note that, due the assumptions made about current
collection, uses, trade, and lack of data on gutter oil, this work may underestimate or
overestimate any surplus or deficit identified in the final column of the table.

Table 1. Summary of estimates of UCO potential, UCO collection, import-export, and biofuel use, in kilotonnes per year.

Total of Total of
Estimated Estimated Current estimated current 2019 exports +
potential current collection share collection + 2019 estimated current
Country collection collection of potential imports biofuel use Net of totals
China 5,131 3,086-4,097 60%-80% 3,128-4,139 1,655 1,473-2,484
India 1,697 224-326 13%-19% 273-375 74 199-301
Indonesia 715 182-266 25%-37% 191-275 149 42-126
Japan 331 70-122 21%-37% 79-131 106 (27)-25
Malaysia 158 48-71 30%-45% 256-279 321 (65)-(42)
Republic of Korea 116 88-107 76%-92% 150-169 168 (18)-1

As shown in the final column, China and India might have a UCO surplus, and in Malaysia
it might be the opposite, that it exports more UCO than it currently collects. However,
any UCO surpluses, particularly in China, India, and Indonesia, might not exist because
the UCO could be used in the gutter oil market. Studies suggest that gutter oil is a
problem in these three countries, even as their governments try to address it through
things like a biofuel program or adjusting the market price of cooking oil to increase
legal UCO collection.

Our study highlights how there is some room in these UCO-exporting countries for
policymakers to incentivize increased UCO collection, either for use domestically, such
as in biofuel, or for export. We further estimate that the European Union could demand
around 3,500 kilotonnes of UCO imports in 2030 if a proposed revision to RED Il goes
into effect. FuelEU Maritime and ReFuelEU Aviation would further incentivize additional
UCO-based fuels beyond the incentives in RED Il. In 2035, for example, the ReFuelEU
15% SAF mandate (outside the 5% submandate) could incentivize demand for 5,600
kilotonnes of UCO imports. These are a sizeable amount when compared to our total
estimate for current collection in these six countries, which is between 3,700 and 5,000
kilotonnes. We therefore suggest the European Union include 1.7% caps on waste oils

in amendments to both ReFuelEU Aviation and FuelEU Maritime, to align with the 1.7%
cap on waste oils in RED Il. Such caps are reflective of a desire to stimulate other kinds
of renewable fuels in addition to those derived from waste oils like UCO, and their
implementation would support the development of nascent technologies needed to
achieve long-term decarbonization of transport.

Introduction

Used cooking oil (UCO) is an excellent low-carbon feedstock for meeting biofuel
mandates. It can be used to produce biodiesel, hydroprocessed vegetable oils (HVO),
also known as drop-in renewable diesel, and hydroprocessed esters and fatty acids
(HEFA), a kind of jet fuel (Kristiana & Baldino, 2021). Because these fuel pathways are
technologically mature and commercially available, there is strong demand for UCO
as a feedstock, especially as many other low-carbon fuel pathways are currently less
technologically and commercially mature.
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A lot of the UCO imported by the European Union comes from Asia and the United
States, and 68% of total UCO imports in 2019 were from these regions (UN Comtrade,
n.d.). Already most of the growing UCO biodiesel production in China is driven by
demand for UCO biodiesel in the European Union, and the demand stems from policy
incentives under the Renewable Energy Directive or RED (Greenea, 2021). The RED Il
incentivizes the use of waste oils like UCO to help meet a renewable energy target for
transport in 2030, though their contribution is limited to 1.7% of road and rail energy
(European Commission, 2021). Proposed changes to RED Il and new regulations,
however, would also incentivize and mandate renewable fuel in the marine and aviation
sectors in the European Union. A proposed revision to the RED means more waste

oil would qualify toward this directive, because it would apply to all transport energy,
including the fuel used in the marine and aviation sectors, and thus a greater volume of
transport fuels is under the directive, even though the cap remains at 1.7%. Additionally,
two new regulations have been proposed, FuelEU Maritime and ReFuelEU Aviation,
and these would incentivize additional UCO-based fuels (European Commission, 2021)
beyond the incentives in RED Il. Meanwhile, demand for UCO for biofuel production
within Asian countries that produce significant amounts of it is also on the rise, and
there are policy incentives in the United States. One U.S. example is California’s Low
Carbon Fuel Standard (LCFS), which is designed to decrease the carbon intensity of
transportation fuels (California Air Resources Board, 2020); UCO is an attractive option
to help meet this standard.

Given the demand for UCQO, this study assesses exports from the six countries in Asia
that currently export the most UCO to the European Union and United States—China,
India, Indonesia, Japan, Malaysia, and the Republic of Korea. We estimate UCO collection
from urban households, urban restaurants, and food processing. This study includes
total estimated UCO potential together with an estimate of the total amount of fuel

that could be produced from it, the current collection rate, import and export data, and
consideration of UCQO’s domestic uses, including for biofuel or re-use as cooking oil,
which is called gutter oil. Gutter oil is a term that describes illicit cooking oil recycled
from waste oil collected from sources such as restaurant fryers, sewer drains, grease
traps, and slaughterhouse waste that is then resold as cooking oil in grocery stores.
Gutter oil is reported to be an issue in some Asian countries, but at present, the available
data about it is very limited.

Analysis of collection and potential by country

Our estimates of UCO collection potential are based on literature reviews of restaurant,
household, and food processing UCO production in each country. For restaurants and
households, we focused on urban areas, under the assumption that collection in rural
areas is too difficult. This same assumption was made in several previous studies (Kabir,
2014; Kumar et al., 2020; Liu et al., 2018; Yano et al., 2015). For food processing, we
focused on nationwide collection and potential; because food processing locations
produce so much UCO, we assumed it is economically advantageous to collect from

all of them, even in rural areas. We assume that chips and instant noodle companies
generate the most UCO in the food processing industry, and thus estimated UCO
generation from only these two kinds of food processors.

For the potential (not current) collection in each country, we assumed 100% from
urban restaurants, 50% from urban households, and 100% from food processing. After
obtaining the estimates of total potential collection for each country, we converted
them into biodiesel and renewable diesel potential using biofuel conversion yields from
Argonne National Laboratory’s GREET model. These are 0.91 kg biodiesel/FAME per kg
UCO and 0.85 kg renewable diesel per kg UCO.
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To estimate current collection from urban restaurants and households, we applied
percentages found in the literature. We then assumed that countries with the highest
collection from urban households and restaurants collect 70%-90% of UCO from
food processors, and that countries with a relatively lower amount of restaurant

and household collection achieve 40%-50% collection from food processors. Where
information was not found in the literature, we made assumptions based on data that
was available, for example from other countries.

China

Potential collection methodology

For urban restaurant collection potential, we used Spottle et al. (2013), which contains
results from a survey in several cities for UCO generation from traditional restaurants and
fast-food restaurants; results were presented per unit from each kind of restaurant, per
year. We applied these yearly restaurant UCO rates to the number of urban restaurants
from a study by Textor (2020). We assumed all fast-food restaurants are located in
urban areas and calculated the number of fast-food restaurants by combining data
from YumChina (2020) and Burger King (n.d.). To find the total number of traditional
restaurants, we subtracted the total number of fast-food restaurants from the total
number of restaurants from Textor (2020). To estimate how many of the traditional
restaurants are in urban areas, we applied China’s urbanization percentage of 60%,
based on the urban population share for 2018 that we found in data from the National
Bureau of Statistics of China.

No reliable China-specific data was found for collection from residences, so we used a
study done in Korea (Cho et al., 2015). The study found the average household consumes
6.6 liters of cooking oil per year and 10% of this becomes UCO. We therefore used the
estimate of 0.6 liters of UCO per household to calculate the collection potential from
households in China’s urban areas. To determine the number of urban households in
China, we divided the total population by the average household size of three people
and then applied an urbanization rate (National Bureau of Statistics of China, 2018).

No China-specific data on food processing was located, so we used data from Indonesia
and applied it to China. We used an estimate of UCO generation for a small-to-medium
size potato chip factory from Spottle et al. (2013) and scaled it to large chip factories
based on the amount of chips produced. To understand the number of chips generated
per factory, we found the average for small-to-medium size and large producers in
Adiyoga et al. (1999). We then multiplied the estimates of UCO generation per factory
by the number of small-to-medium and large chips factories in Indonesia. We used

data from Spottle et al. (2013) on the number of small-to-medium size chip factories in
Indonesia and companies’ websites and news articles to estimate the number of large
chip factories (Amenan, 2019; Garudafood, 2022; Manufakturindo.com, n.d.). The total
UCO generation was then divided by total population in Indonesia and we found 0.29
kg/year UCO per capita generation. We retrieved the Chinese population from the
National Bureau of Statistics of China (2018) and applied 0.29 kg/year UCO per capita to
China’s population to find total UCO generation in China from chips manufacturing.

For instant noodle UCO production, we found that Indofood has 16 instant noodle
factories producing 15 billion packs per year in Indonesia, and each factory generates
3,750 tonnes per year UCO (Jumiati, 2009; Kippuw, 2019). From this we calculated that
4 g of UCO is produced per pack. Indofood dominates the instant noodle market with a
share of around 70% (Kingwell et al., 2019) of sales. To calculate total UCO generation
from the instant noodle industry in China, we applied World Instant Noodles Association
(WINA; 2021) data on China instant noodle consumption, assuming that the amount of
instant noodles consumed is a conservative estimate of the amount produced, to find
total UCO generation from instant noodles. Lastly, we combined UCO generation from
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chips manufacturing and instant noodle manufacturing to determine total UCO potential
for food processing.

Current collection methodology

The literature on UCO collection in China focuses mostly on restaurant collection, and
we assume there is no household collection currently because of the small amount of
UCO generated per household. In other words, we think it is unlikely that households
would bother to donate or sell their UCO when only producing 0.6 liters per year.

For restaurants, a study by Liu et al. (2018) found that around 50% of restaurants
provided their UCO to an authorized collector and a recent study by Goh et al. (2020)
that focused on Beijing found a 76% collection rate. We assumed, therefore, that UCO
collection from restaurants in China falls between those numbers, and calculated a
range of current collection between 60% and 80% for both authorized and unauthorized
collectors. For food processing, due to the high collection rates from restaurants, we
assumed that between 70% and 90% is currently collected.

Results - Potential collection

Total theoretical UCO potential from restaurants in urban areas is estimated to be 4,500

kilotonnes annually, and the household sector could generate 84 kilotonnes. We estimate
that UCO from food processing could reach as high as 600 kilotonnes per year. The total
annual UCO potential of 5,100 kilotonnes could produce 4,700 kilotonnes of biodiesel or

4,400 kilotonnes of renewable diesel.

Results - Current collection

We assumed China does not collect any UCO from households. From restaurants, we
estimate China collects between 2,700 and 3,600 kilotonnes of UCO each year, and
collection from food processing ranges from 400 to 500 kilotonnes. Thus, in total, we
estimate that China collects between 3,100 and 4,100 kilotonnes annually.

India

Potential collection methodology

To calculate the potential amount of UCO that could be collected from restaurants, we
used an IMRB International (2016) study which conducted surveys in New Delhi of UCO
generation from large and small-to-medium size restaurants. Smergers (n.d) had the
data on the total number of small-to-medium and large restaurants in the country. We
then applied the 2018 urbanization rate from the United Nations, 34%, to the country’s
total number of restaurants to estimate the number of urban restaurants.

For households, IMRB International’s (2016) data on cooking oil consumption per

month shows 3.5 to 5 liters in India, 5% of which we assumed becomes UCO. We took
the average of cooking oil consumption, 4.25 liters per month, and applied 5%, and

that is 2.55 liters per household per year. We used that to find the collection potential
from households in urban areas. There is no data on total households, so we applied

a household size of 4.6 people for India from United Nations (2019) to India’s total
population in 2018, based on Statista data (O’Neill, 2021a), and multiplied it by the

urban population percentage to get the number of urban households. Similar to China,
we applied Indonesia’s ratio, the 0.29 kg/year UCO per capita generation for chips to
India’s total population based on (O’Neill, 2021a) and 4 g of UCO per pack to total instant
noodle consumed in India based on WINA (2021) data. The total from chips and instant
noodles is the total UCO potential from food processing in India (as in all other countries).

Current collection methodology

No data on household UCO collection in India was found, so we conservatively assume
little is collected, about 1% or less. For restaurants, Kumar et al. (2020) found 10% UCO is
collected in the city of Bengaluru, and thus we assumed a 5%-10% collection rate for all
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urban restaurants in India. For food processing, given the relatively low collection from
households and restaurants, we assumed 40%-50% is collected.

Results - Potential collection

Total UCO potential from restaurants in urban areas is estimated to be 1,200 kilotonnes
per year and from urban households, we estimate India generates around 117 kilotonnes
of UCO. UCO from food processing is around 400 kilotonnes annually. The total annual
UCO potential in India is thus around 1,700 kilotonnes and it is equivalent to 1,500
kilotonnes of biodiesel or 1,400 kilotonnes of renewable diesel.

Results - Current collection

Despite its relatively high potential, our estimates suggest India collects little UCO today.
From urban households, we estimate between O and 2 kilotonnes per year. Estimated
collection from urban restaurants ranges from 58 to 116 kilotonnes annually, and from
food processing, it is around 166 - 208 kilotonnes. Our calculation thus shows India’s
current collection ranges from 224 to 326 kilotonnes per year.

Indonesia

Potential collection methodology

Starting with urban restaurants, we first used the restaurant total from Indonesia’s
Central Bureau of Statistics from 2016 and 2018. However, as we found no data on

how many of those restaurants are located in urban areas, we applied Indonesia’s
urbanization rate from Central Bureau of Statistics (2020), 57%, to get the total number
of urban restaurants. We applied an average of UCO generation from medium and large
restaurants in the city of Jakarta to all medium-to-large restaurants (Spottle et al., 2013).
For small restaurants, we used Sudaryadi et al. (2021) and Hanisah et al. (2013) and took
average numbers of UCO generation from small and micro restaurants. For households,
we used Sudaryadi et al.’s (2021) study of Greater Jakarta’s household UCO generation,
and estimated 1.18 liters per month. We took the Central Bureau of Statistics’ (2020)
57% urbanization rate, the latest year for which that rate was available, and applied it

to Indonesia’s total population, also from Central Bureau of Statistics (2021), to find the
number of urban households. For the food processing industry, as explained above for
China, we applied the 0.29 kg/year UCO per capita generation for chips to the total
population in Indonesia from the Central Bureau of Statistics (2021) and 4 g UCO per
pack for instant noodles and retrieved Indonesia’s instant noodle consumption data from
WINA (2021).

Current collection methodology

For households, Sudaryadi et al. (2021) conducted a survey in Greater Jakarta and
estimated that current UCO collection is about 9%-10%. Based on this, we assumed that
for Indonesia nationally, the household collection range is between 5% and 10%. For the
restaurant sector, we also based our assumption on Sudaryadi et al. (2021), which in
their survey found around 20% of restaurants stated their UCO is collected and re-used
as cooking oil. We therefore applied a 20%-30% current collection range for urban
restaurants. For food processing, we applied a collection rate of 70%-90%.

Results - Potential collection

Indonesia’s UCO potential from urban restaurants is estimated to be around 332
kilotonnes per year. A large amount also could be generated from its urban households,
where Indonesia could collect at least 255 kilotonnes annually, and UCO potential

from food processing is estimated to be 128 kilotonnes per year. Together these make
Indonesia’s yearly UCO potential around 715 kilotonnes, which is equivalent to 651
kilotonnes of biodiesel or 608 kilotonnes of renewable diesel.
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Results - Current collection

Our estimation for urban household collection is between 26 and 51 kilotonnes per
year, and for collection from urban restaurants, we estimate it falls between 66 and 100
kilotonnes. Collection from food processing is estimated at around 90 to 115 kilotonnes.
In total, we estimate that Indonesia collects between 182 and 266 kilotonnes annually.

Japan

Potential collection methodology

For urban restaurants, we found a study by The Environment Bureau of the City of
Kyoto (n.d.) which estimated UCO potential from restaurants. We divided that by the
total population in Kyoto (Statistical Handbook of Japan, 2009) and got 2.03 kg of
UCO generation per capita per year. Although the Environment Bureau study used
2006 data and the population statistics are from 2009, we found no significant change
in Kyoto’s population and thus assumed this per capita UCO generation applies to the
present day. We multiplied this value by Japan’s urban population (World Bank, 2021) to
estimate Japan’s urban restaurant UCO potential. For households, similar to the method
we applied to restaurants, we retrieved a total UCO potential from the Environment
Bureau of the City of Kyoto (n.d.) and divided by total households in Kyoto (Statistical
Handbook of Japan, 2009). That result was 2.34 liters per household UCO generation
and we applied that to urban areas in Japan. We did not have data on the number of
households, so we used the United Nations (2019) household size, 2.3. For the food
processing sector, we applied Indonesia’s ratio of 0.29 kg per year UCO per capita
generation for chips and 4 g of UCO per pack for instant noodles, and retrieved instant
noodle data from WINA (2021).

Current collection methodology

Yano et al. (2015) reported the current collection from households and restaurants in
Kyoto. To get the current collection percentage for both, we compared the number
from Yano et al. (2015) to total potential from the Environment Bureau of the City of
Kyoto (n.d.). For households the percentage is 13%, and we assumed that urban areas
in Japan achieve less than half the current collection rate of Kyoto, around 3%-5%.
This assumption is based on a literature review regarding UCO collection in Japan
which suggested Kyoto was a role model and because the 13% collection rate in Kyoto
is higher than other studies, including one from Niigata City (Fujita et al., 2015). For
restaurants, our calculation found a 37% collection rate and we applied the percentage
range from 20% to 40% for all urban restaurants in Japan. For food processing, based
on the household and restaurant percentage trend, we applied the low collection rate,
40%-50%.

Results - Potential collection

We estimate Japan could collect 217 kilotonnes of UCO per year from its urban
restaurants. UCO potential from urban households is estimated to generate only a
quarter of this potential, around 54 kilotonnes annually, and collecting UCO from food
processing would add another 60 kilotonnes. Total UCO potential thus reaches 331
kilotonnes per year, and this is equivalent to 301 kilotonnes of biodiesel or 281 kilotonnes
of renewable diesel.

Results - Current collection

Our current collection estimate for households in urban areas falls between 3 and 5
kilotonnes per year. Urban restaurants collect between 43 and 87 kilotonnes annually,
and food processing generates between 24 and 30 kilotonnes of UCO. The total UCO
collection from three sectors is 70 - 122 kilotonnes per year.
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Malaysia

Potential collection methodology

Starting with the restaurant sector, there are limited studies on UCO potential, especially
for medium-to-large restaurants. Given this, we divided our estimate of total potential
production from Indonesian restaurants by Indonesia’s urban population to find the UCO
generation per capita in Indonesia of 2.16 kg per year. We then applied that per capita
number to Malaysia’s urban population to find UCO production from urban restaurants
in Malaysia (O’Neill, 2021b). We expect the UCO generation per capita in Malaysia and
Indonesia to be similar because the two countries share a similar cooking culture. For
households, we applied a Malaysian household generation rate of 2.34 kg per month
from Kabir, Yacob and Radam (2014) and multiplied it by the number of total urban
households from the Department of Statistics Malaysia (2020). To find food processing
UCO potential, we applied Indonesia’s 0.29 kg per year UCO per capita generation for
chips to the total population of Malaysia (Department of Statistics Malaysia, 2020) and
4 g UCO per pack for instant noodles and multiplied it by Malaysia’s total instant noodle
consumption based on data from WINA (2021).

Current collection methodology

We base our calculation on Kabir (2014), which found a 30% collection participation

rate in one city in Malaysia, and we assume this applies to restaurants where collection is
easier. Kabir et al. (2014) found that 12% of households recycle UCO in Malaysia. For both
sectors, we assume the collection rate in Malaysia has increased since 2014, due to the
establishment of startup companies that produce biodiesel from UCO and export it, and
because of a rigorous campaign to collect UCO. Thus, we assume higher percentages for
current collection: 30%-40% for urban restaurants and 12%-20% for urban households.
We apply a 70%-90% collection rate for the food processing sector.

Results - Potential collection

We estimate that maximum UCO potential from urban restaurants in Malaysia is around
54 kilotonnes UCO per year. An additional 88 kilotonnes annually could come from urban
household collection, and from food processing, a maximum collection would add an
estimated 16 kilotonnes. The total UCO potential in Malaysia from those three sectors is
therefore around 158 kilotonnes per year. This potential could generate 144 kilotonnes of
biodiesel or 134 kilotonnes of renewable diesel.

Results - Current collection

Our current collection estimation for households in Malaysia is between 21 and 35
kilotonnes UCO annually. Meanwhile, for restaurants, we estimate the current UCO
collected each year is between 16 and 22 kilotonnes. For food processing, we estimate
between 11 and 14 kilotonnes of UCO annually and that means in total, Malaysia collects
between 48 and 71 kilotonnes UCO.

Republic of Korea

Potential collection methodology

Limited data on UCO collection from urban restaurants in Korea was found. Furthermore,
based on a U.S. Department of Agriculture report (2018), vegetable oil and animal fats
are used sparingly in Korean cuisine, and restaurants serving Korean cuisine are about
52% of all dining establishments in the country. We applied our Japanese restaurant rate
of 2.03 kg UCO per capita per year, considering the cooking culture of Korea uses less
oil, like Japan. We determined urban population by applying an urbanization rate we
retrieved from Statista (O’Neill, 2021c), 81%, to total population in Korea from Statistics
Korea (2019). Multiplying our estimate for Japan’s per-capita UCO production by Korea’s
urban population gives us the estimate of urban restaurant potential in Korea. For
households, we used Cho et al.’s (2015) study on Korea’s household UCO generation. The
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total number of households data is taken from Statistics Korea (2019), and we applied
O’Neill’s (2021c) urbanization rate to find the total number of households in urban areas.
For food processing, we applied Indonesia’s ratio of 0.29 kg per year UCO per capita
generation for chips, multiplied it by total population in Korea (Statistics Korea, 2019),
and used 4 g UCO per pack for instant noodles and Korea'’s instant noodle consumption
data from WINA (2021).

Current collection methodology

According to Cho et al. (2015), the household collection rate in Korea is quite low.
Additionally, KEEI (2011) related that a survey in Korea found that household collection
was only around 18%, while for restaurants and food service collection, it reaches 79%-
98%. We applied these rates to the total potential to calculate for urban households and
restaurants, but we increased the percentage for households because the KEEI study is
10 years old and UCO collection increased with Korea’s Renewable Fuel Standard, which
went into effect in 2012 (Shin et al., 2018). For households, we used a range from 20% to
25% and for restaurants, we applied a range of 80% to 95%. With a high collection rate
from restaurants, we assumed the food processing collection rate in Korea falls between
70% and 90%.

Results - Potential collection

Urban restaurants in Korea are estimated to generate as many as 78 kilotonnes of UCO
annually, and with collection from urban households, an additional 7 kilotonnes could
be collected. The food processing industry is estimated to increase the potential by

31 kilotonnes per year. Total Korean UCO potential could reach 116 kilotonnes, which is
equivalent to 106 kilotonnes of biodiesel or 99 kilotonnes of renewable diesel.

Results - Current collection

From urban households, we estimate Korea collects around 3 - 4 kilotonnes of UCO
annually. Urban restaurant collection is estimated to fall between 63 and 75 kilotonnes
per year, and collection from food processing is around 22 - 28 kilotonnes. In total, from
the three sectors, Korea collects an estimated 88 - 107 kilotonnes UCO annually.

Potential and current collection summary

Table 2 presents a summary of UCO potential from urban households, urban restaurants,
and food processing in each country. Among the six countries, China is estimated to have
by far the greatest potential for UCO, followed by India. We find China and India have the
highest UCO potential from restaurants, and Indonesia and India have the highest potential
from households. For food processing, China and India, again, share the highest estimated
potential. It is understandable that China and India rank at the top because they have the
biggest population compared to other countries, respectively almost 1.4 billion (National
Bureau of Statistics of China, 2018) and 1.35 billion (O’Neill, 2021a).

Table 2. Estimates of UCO collection potential from urban households, urban restaurants, and food
processing in kilotonnes per year.

Food Fuels potential
Household, | Restaurant, | processing, Total Renewable
Country 50% 100% 100% potential FAME diesel
China 84 4,461 586 5,131 4,669 4,361
India n7 1,64 416 1,697 1,544 1,442
Indonesia 255 332 128 715 651 608
Japan 54 217 60 331 301 281
Malaysia 88 54 16 158 144 134
Rep. of Korea 7 78 31 ne 106 99
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Table 3 summarizes the estimated current collection from the three sectors and the total
collection for each country. China ranks first with total collection between 3,100 and
4,100 kilotonnes of UCO per year and India, despite its low collection rate, is estimated
to collect the second largest amount, from 224 to 326 kilotonnes of UCO.

Table 3. Estimates of current collection from urban households, urban restaurants, and food processing.

Household Volume Restaurant Volume proic;:ging Volume Total

Country rate (kt) rate (kt) rate (kt) collection (kt)
China (0] (0] 60%-80% 2,676-3,569 70%-90% 410-528 3,086-4,097
India 0%-1% 0-2 5%-10% 58-116 40%-50% 166-208 224-326
Indonesia 5%-10% 26-51 20%-30% 66-100 70%-90% 90-115 182-266
Japan 3%-5% 3-5 20%-40% 43-87 40%-50% 24-30 70-122
Malaysia 12%-20% 21-35 30%-40% 16-22 70%-90% 1-14 48-71
Rep. of Korea 20%-25% 3-4 80%-95% 63-75 70%-90% 22-28 88-107

Alternative uses and trade of UCO

Besides export for use in biofuel, there are alternative uses for UCO, including within
countries. Studies show that most UCO is used in biofuel or is re-used as cooking oil,
known as gutter oil. Gutter oil plagues several countries, and as discussed below, a few
of the countries we focus on in this study have policies in place to minimize it. But there
is very little data available on the quantity of UCO that becomes gutter oil.

At the same time, UCO is extensively traded, both inside and outside of Asia. Besides
exports to the European Union and United States, China and Indonesia export UCO to
Malaysia, and Indonesia, China, and Japan all export to the Republic of South Korea
(UN Comtrade, n.d.). Meanwhile, Japan also imports UCO from Malaysia, and China
and Indonesia export to India (UN Comtrade, n.d.). This intra-Asia trade is reflective of
existing demand that is affecting incentives for both UCO collection and exports from
the six countries we consider in this study.

We obtained information on imports and exports from UN Comtrade data from 2019,
and this data is self-reported by all countries in the database. We do not use 2020
Comtrade data due to the COVID-19 pandemic. UN Comtrade groups UCO with “animal
or vegetable fats and oils and their fractions” under HS Code 151800. While this code

is not limited to UCO, and includes all waste oils such as animal fats, we expect UCO to
make up the majority of this category. It is important to note that when the European
Union, for example, reports its imports, there is sometimes not a match when those
numbers are compared to the numbers reported by the exporting countries.

For biofuel use, we obtained data from various sources, including USDA (2020a; 2020b;
2020d) for China, India, and Japan, Korea Bioenergy Association (2021) and Shin et al.
(2018) for Korea, and various newspaper articles for Indonesia (Megawati, 2018; Ramli,
2020; Rusdianto, 2019). For Malaysia, there is a lack of data. Still, as crude palm oil is

the primary feedstock for the biodiesel program in Malaysia, we assume that a limited
amount, if any, UCO is used in biofuel for the domestic market. Besides for domestic use,
UCO biodiesel is also being exported from China, Japan, and Indonesia (Artha Metro

Oil, n.d.; USDA, 2020a; USDA, 2020d). However, the UCO biodiesel is under the same

HS Code category as biodiesel from other feedstocks, for example palm biodiesel in
Indonesia, so it is difficult to track the precise amount of export of UCO biodiesel only.

Table 4 is a summary of our estimates of UCO currently collected and of imports,
exports, and biofuel uses. Recall that any potential gutter oil is not included in the table
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because of a lack of data. We compare the sum of estimated total collection and imports
and to biofuel uses and exports; the difference is reported in the final column.

Table 4. Summary of estimated current collection of UCO, plus imports, exports, and biofuel use, in kilotonnes per year.

Estimated Imports in Total Exports in Biofuel use Total
current 2019 (from collection 2019 (from (various export
Country collection Comtrade) + imports Comtrade) sources) + Biofuel use | Net of totals
China 3,086-4,097 42 3,128-4,139 737 918 1,655 1,473-2,484
India 224-326 49 273-375 9 65 74 199-301
Indonesia 182-266 9 191-275 148 0.66 149 42-126
Japan 70-122 9 79-131 84 22 106 (27)-25
Malaysia 48-71 208 256-279 321 no data 321 (65)-(42)
Republic of Korea 88-107 62 150-169 7 161 168 (18)-1

Gutter oil

UCO re-used as cooking oil is also known as gutter oil. There is scant data available
about the gutter oil market, and this can affect estimates of both current collection of
and current use of UCO. It is also possible that some of the UCO going to gutter oil is
illegally collected and therefore not considered in the studies upon which we based our
estimates of current collection. Several studies have estimated how much UCO becomes
gutter oil in China, India, and Indonesia, and some articles suggest there is no domestic
use of gutter oil in Malaysia. For Japan and the Republic of Korea, no sources estimating
gutter oil were found. More information about gutter oil in each country is included in
the following section.

Re-using UCO as cooking oil has several impacts on human health. A previous ICCT
study, Kharina et al. (2018), explained that UCO contains toxic substances that could
be linked to several diseases, including stroke, heart disease, hypertension, and other
cardiovascular risks. A researcher from Indonesia’s Fiscal Policy Agency (Badan
Keuangan Fiskal) linked several health problems in Indonesia to the re-use of UCO as
cooking oil (Haryanto, 2018). As is detailed further below, some countries, including
China and India, seek to address gutter oil by issuing regulations on UCO collection and
requiring its use for biofuel production. Not only does use in biofuel instead of re-use
as cooking oil reduce the negative human health impacts, but it also has environmental
benefits. Displacing fossil fuels with UCO biofuel reduces carbon emissions and can
strengthen energy security. -

Discussion

Here we discuss each country’s UCO potential, challenges, and policies.

China

One university study estimated there are around 6,580 kilotonnes of gutter oil in

China, while another found 2,000 - 3,000 kilotonnes of gutter oil (Spottle et al., 2013).

In another study, PRIMA Markets (2018) estimated that current UCO and gutter oil
collection in China reaches around 3,000 kilotonnes per year, based on interviews

with collectors. A professor from the South China Academy of Agriculture and Food
calculated total edible oil consumption annually and subtracted Chinese domestic edible
oil production and imports; results showed that around 4,000 - 5,000 kilotonnes are
unaccounted for, and the author argued this is likely met with waste oil (Meng & Yang,
2012). Meanwhile, others estimated that around 2,000 - 3,000 kilotonnes of waste oil are
re-used in cooking every year (Meng & Yang, 2012). A USDA report (2020a) said that in
2018, China produced about 10,000 kilotonnes of gutter oil. Thus, our literature review
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suggests that gutter oil in China is somewhere between 2,000 and 10,000 kilotonnes
annually. This large range in estimates is because there is no one method to measure
waste oil in China (Meng & Yang, 2012). As the findings in these studies are greater than
or equal to the surplus from our estimates in Table 4, it is possible that none of that
surplus UCO is available for other uses.

The Chinese government tries to reduce gutter oil with a UCO collection program that
appoints legal collectors to collect UCO and use UCO for their biofuel program. There
are already 33 pilot projects (Liu et al., 2018). The government also offers financial
incentives to reduce UCO recycling as cooking oil. Further, UCO is not only used for
biodiesel in China but also to produce jet fuel. For example, Sinopec and Boeing have
partnered with Hainan Airlines to produce UCO-derived jet fuel (USDA, 2020a). While
domestic biofuel production using UCO is increasing in China, government support is
limited only to tax breaks (USDA, 2020a). Unlike ethanol, there is no biodiesel program
or mandate at the national level. Shanghai has a 5% biodiesel blending mandate,
however.

India

In our estimation, India, which has a total population close to China, only has one-third
of China’s UCO collection potential. This is because we focused on urban UCO potential
for both restaurants and households and India’s urbanization rate is only 34% (United
Nations, 2018), far below China’s 60% urbanization rate. Although India’s urbanization
rate is low, its UCO potential is still high compared to other countries. At the same

time, we estimate that India currently collects less than 20% of its potential. The Food
Safety and Standards Authority of India (FSSAI; n.d.) estimated that 1,200 kilotonnes of
UCO from household and commercial activities becomes gutter oil. Thus, it is unclear if
the approximately 200-300 kilotonnes surplus shown in the final column in Table 4 is
available for other uses.

India is likely to increase its UCO collection in the future, especially with a new program
called Repurpose Used Cooking Oil (RUCO), which tries to curb the amount of UCO
that becomes gutter oil and instead encourage its use as a feedstock for biodiesel.

The Ministry of Petroleum and Natural Gas predicted that India could collect 1.4 billion
liters, equivalent to 1,300 kilotonnes UCO (USDA, 2020b). Under the National Policy on
Biofuels 2018, the government set a target of 5% biodiesel blending by 2030, with UCO
is listed as a feedstock, and to date, there are 39 biodiesel manufacturers enlisted under
the RUCO program (FSSAI, n.d.). Food business operators in India whose consumption
of edible oil for frying is more than 50 liters per day are also required to maintain
purchase records and need to dispose of the UCO via an agency under FSSAIl authority
(FSSAI n.d).

Indonesia

Our estimates show that currently Indonesia collects less than 40% of its UCO potential.
Our estimated range of 182 - 266 kilotonnes collected is lower than several studies,
such as a fairly recent one that placed collection at 2,700 kilotonnes per year (TNP2K
and Traction Energy, 2020). In general, there is disagreement in the literature about
Indonesian cooking oil consumption. For example, TNP2K and Traction Energy report
that 13,000 kilotonnes cooking oil are consumed, while GIMNI (2020) data shows the
total sale of vegetable oil in Indonesia was 7,420 kilotonnes in 2019. GIMNI’s estimate is
similar to data from USDA (2020c¢), which stated that 7,000 kilotonnes of oilseeds went
to domestic food use in 2020.

Unlike most of the other countries, data concerning biofuel use of UCO in Indonesia
is difficult to obtain. Production is done by small-to-medium scale companies, and it
has not become part of the national biofuel program. The small-to-medium biofuel
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producers mostly either focus on a limited domestic market, such as GenQil, which
produces UCO biodiesel for the fishing community in Makassar, or on export, such as
Artha Metro Qil in East Java (Syam et al,, 2018; Artha Metro Oil, n.d.).

Indonesian UCO exports continue to increase, from only 17 kilotonnes in 2012 to 148
kilotonnes in 2019 (UN Comtrade, n.d.). Almost one-third of the total UCO exported by
Indonesia in 2019 went to the European Union. At the start of the COVID-19 pandemic,
UCO collection in Malaysia dropped, but Indonesia experienced an opposite trend
(Parmar, 2021c). UN Comtrade (n.d.) data shows that Indonesia’s exports jumped from
148 kilotonnes in 2019 to 220 kilotonnes in 2020. In 2021, China and Malaysia’s UCO
exports rebounded and Indonesia continued to increase exports (Moffitt, 2021; Parmar,
2021d). From January to September, Indonesia exported 256 kilotonnes of UCO (Parmar,
2021a). This 2021 export number is close to our estimate of current collection, so the
surplus of UCO shown by our estimates could go to export or to gutter oil, as we did
not include 2021 in our estimate of exports. At the same time, there is a discussion that
palm oil is blended with UCO and exported as UCO to avoid some of the high taxes the
government puts on palm oil product exports (GIMNI & Majalah Sawit Indonesia, 2021).

News articles (e.g., Hermansyah, 2016) have suggested that UCO is re-used as gutter oil
in Indonesia. Fujita et al. (2015) and Sudaryadi et al. (2021) estimated that in Indonesia,
10%-15% of UCO from households and 5%-6% of UCO from small and micro restaurants
becomes gutter oil; these studies were based on surveys in different cities, namely
Jakarta, Depok, and Bogor. Survey respondents said that UCO was given to others,

like maids, for use as cooking oil. By comparing the results of these studies with our
estimates, we see the amount of gutter oil in Indonesia could potentially fall between 77
and 108 kilotonnes per year. This gutter oil estimation is much lower than a vegetable oil
industry projection, which is approximately 1,100 kilotonnes, or around 18%-22% of total
cooking oil consumption (GIMNI, 2021).

The Indonesian government has tried to address gutter oil via a regulated cooking

oil price that was supposed to go into effect on January 1, 2020, but it was not
implemented due to COVID-19 (BPDP, 2019; Pratama, 2021). Unlike China and India,

the Indonesian government has not supported UCO in its biofuel program, which is
well-developed compared to the other countries in this study. However, even though
UCO is absent from the national biofuel program, there are local government regulations
supporting the use of UCO in biodiesel. For example. Bogor city previously ran a UCO
program from 2008 to 2015, and the regional transport company collaborated with the
Bogor City Environmental Management Agency to collect the UCO from various sectors
and convert it into biodiesel for use in public buses (Kharina et al, 2018).

Japan

We estimated that Japan currently collects around 20%-40% of its total potential from
urban households, urban restaurants, and food processing. Japan could likely increase its
collection from urban restaurants and households up to 60%-80% because we estimate
that neighboring countries have achieved a similar level. Comparing Japan’s estimated
current collection and imports to its domestic use and exports shows that Japan exports
UCO more than uses it domestically. The export share is around two-thirds of current
collection. No research on gutter oil in Japan was found.

The biodiesel market in Japan is limited and there are no financial incentives from the
government and no national biodiesel program. Nonetheless, several municipalities
have programs that focus on biodiesel from UCO, and one is Kyoto. Since 2017, UCO is
the only feedstock used to produce biodiesel in Japan. Around 15 million liters of UCO
biodiesel are consumed in Japan and around 9 million liters are exported, mainly to
Europe (USDA, 2020d). Japan is considering not only using UCO for biodiesel but also
using it to produce bio-jet fuel. A New Energy and Industrial Technology Development

13 ICCT WORKING PAPER 2022-13 | AN ESTIMATE OF USED COOKING OIL FROM ASIAN EXPORTING COUNTRIES



Organization project plans to use domestic UCO as a sustainable aviation fuel (SAF)
feedstock, which they aim to supply by 2025. This likely means either that the domestic
UCO supply will be allocated for the project or that collection will increase under the
project (JGC Holdings Corporation, 2021).

Malaysia

Malaysia has the smallest population compared to other five countries. However,
Malaysia’s UCO potential in our calculation is higher than the Republic of Korea’s and

is one-fifth of Indonesia’s UCO potential, even though Malaysia’s population is nine
times smaller than Indonesia’s. Besides the urbanization rate, which is 77% compared to
Indonesia’s 57%, another reason for the relatively high UCO production rate is cooking
habits. A survey in Malaysia found that almost 50% of households discharge UCO after
only two times use (Kabir et al., 2014). In Indonesia, around 65% are using it three times
and the rest, 35%, are using it more than three times or until there is none left (Sudaryadi
et al., 2021). We assume these cooking habits affect the amount of leftover UCO. No
reference to gutter oil being consumed domestically in Malaysia was found. An article in
The Straits Times (Zengkun, 2014) suggested that UCO collected illegally in Singapore is
sometimes exported to Malaysia, where it is mixed with crude palm oil and exported to
other countries, mostly developing countries.

Malaysia’s Cooking Oil Stabilization Scheme (COSS) is a subsidy program that aims to
alleviate the cost burden of cooking oil and it began during high crude palm oil prices
in 2006 and 2007 (Ministry of Domestic Trade and Consumer Affairs Malaysia, 2027;
C4Center, 2015). The objective of the subsidy is to prevent consumers from purchasing
illicit gutter oil and it is given to cooking oil packed in a 1 kg polybag and offered to
consumers at an affordable price (Ministry of Domestic Trade and Consumer Affairs
Malaysia, 2021). The Malaysian Palm Oil Board (MPOB) assures that the product meets
the prescribed quality and is not from recycled cooking oil (FreeMalaysiaToday, 2021b).
In 2021 alone, the Malaysian government allocated RM 600 million for the subsidy
(Ministry of Domestic Trade and Consumer Affairs, 2021). MPOB (2008) stated that
the subsidy scheme is funded by a levy collected from oil palm plantations, estate
companies, and their owners.

The COSS is also probably one of the reasons why Malaysian households consume more
cooking oil than other countries in the region like Indonesia. In Malaysia, under the COSS,
Malaysians only pay RM 2.50 per kg, or equivalent to IDR 8,500 per kg. In Indonesia,
meanwhile, people pay around IDR 17,000 per kg (Catriana, 2021). Additionally, the
Malaysian government has another policy which sets a ceiling price for its 2, 3, and 5 kg
cooking oil to make the price affordable (FreeMalaysiaToday, 2021a).

With respect to the estimates of current collection, despite Malaysia having a relatively
strong collection rate of 30%-40% of its UCO potential from urban households and
restaurants and food processing, it also imports high amounts of UCO. In 2019, Malaysia
imported three times more UCO than it collected domestically. This could be due to
increasing UCO biodiesel production by companies such as FatHopes Energy, Vance, or
Mewah (Parmar, 2021b). These increases in UCO biodiesel production are not likely to
be linked to Malaysia’s domestic biodiesel program. Currently, Malaysia mandates a 10%
biodiesel blend (B10). B20 was supposed to be implemented in mid-2020, but due to
COVID-19, the government decided to postpone the program (USDA, 2020e). Almost
all biodiesel producers in Malaysia use crude palm oil as a feedstock for the national
biodiesel program and we assume the UCO biodiesel is mostly exported.

Another reason that Malaysia imports a large amount of UCO is because it is a hub for
UCO and serves as a consolidation area for UCO from surrounding countries including
China, Singapore, and Indonesia (Greenea, 2021). Along with Greenea, Pearmar (2021b)
also noted several UCO traders have set up bulking capabilities in Malaysia’s major ports,
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such as Port Klang and Pasir Gudang. Thus, Malaysia is a hub for small imports from the
region and then larger shipments are exported to Europe. In 2019, half of Malaysia’s UCO
export went to the European Union and the United Kingdom.

Republic of Korea

Based on our literature review, UCO collection from restaurants in Korea is quite high.
Household collection is only around 20%, though, so Korea could increase its collection
from the residential sector. Like Japan, it is unclear whether gutter oil is a factor in Korea.

UCO for domestic use in Korea, specifically biofuel, is expected to increase if the
government increases the biodiesel blending ratio under its Renewable Fuel Standard
(RFS) program. Started as pilot program in 2002, the Korean RFS adopted a 0.5% (BO.5)
biodiesel blending for transport in 2006. Since 2010, biodiesel producers have replaced
palm oil with UCO and palm fatty acid distillate (PFAD). In 2012, the RFS program
became a regulatory policy with a 2% blending ratio. In 2015, the RFS was introduced in
Korea’s Intended Nationally Determined Contribution plan under the Paris Agreement. In
2018, the blending ratio was increased to 3%. In 2015 alone, the UCO share of biodiesel
feedstock reached 35% (Shin, Kim, Zepernick, & Kang, 2018).

Conclusion and EU policy implications

The amount of UCO available from any country is going to be limited, and part of

what this study shows is that the availability of UCO from these six Asian countries

is influenced by a variety of factors. At the same time, demand for UCO, particularly
from the European Union, is expected to increase as a result of changes in climate
legislation and new proposals. To understand how much the European Union might
demand, we can subtract the current contribution of domestically available waste in
the European Union, that is UCO and animal fats, and then estimate how much UCO
could be demanded for import to meet the proposed revision to the RED Il in 2030
and the ReFuelEU aviation proposal in 2035, since the 15% SAF ambition (outside the
5% submandate) in this year is much higher than the 4.3% SAF mandate (outside the
0.7% PtL submandate) in 2030 (European Commission, 2021c). Assuming UCO is used
to produce solely HVO, which has fewer limitations for use as a road transport fuel
compared to biodiesel, the European Union could demand around 3,500 kilotonnes of
UCO in 2030. In 2035, the ReFuelEU SAF mandate could incentivize demand for 5,600
kilotonnes of UCO, based on the European Commission’s projection of aviation energy
demand (European Commission, 2021b). These are a sizeable amount of the UCO that
we estimate is currently collected in the six countries of this study, which is in the range
of 3,700 to 5,000 kilotonnes. It also does not include further demand which could occur
due to the implementation of the FuelEU Maritime and ReFuelEU Aviation regulations.

In RED II, the contribution of waste oils including UCO is currently limited, but under
the proposed revision, the definition of transport energy would include the marine

and aviation sectors and thus the volume of fuel qualifying toward the directive would
increase, even though the cap remains at 1.7%. Additionally, the proposed ReFuelEU
Aviation regulation requires SAF blending beginning in 2025 and it will further incentive
the production of fuels using waste oils, especially because the contribution of waste
oils is not capped. HEFA fuel is the only commercially mature jet fuel pathway and can
only be produced with waste oils under ReFuelEU Aviation; it is likely that the entirety
of an SAF mandate, outside of a sub-mandate for another kind of SAF, power-to-liquids,
would be met with waste oils like UCO (Searle, 2021b). Similarly, the proposed FuelEU
Maritime regulation requires reductions in the greenhouse gas intensity of fuels used

in the marine sector beginning in 2025, and here the contribution of waste oils is also
not capped (Searle, 2021a). Similar to HEFA, HVO will be one of the lowest-cost fuel
options to meet the regulation, and UCO will be an attractive low-carbon feedstock.
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Thus, we suggest policymakers include caps in amendments to both ReFuelEU Aviation
and FuelEU Maritime, to align with RED II. Doing so would support the development of
nascent technologies needed to achieve long-term decarbonization of these two sectors
(O’Malley, Pavlenko, & Searle, 2021).

Note that, due to the various assumptions that went into our estimates of current
collection, uses, and trade, it is possible that any surplus or deficit identified from the six
countries analyzed is the result of an overestimate or an underestimate. Additionally, for
many countries it is not possible to understand the extent to which UCO is being used
as gutter oil, if at all. In any case, given that various policies around the world—including
in Europe, the United States, and inside Asia—are stimulating demand for waste oils, it

is important to consider whether there is enough of this feedstock to meet a growing
demand, or if supply is more likely to remain relatively limited. Policies that include a cap,
like the 1.7% cap in the RED in the European Union, are reflective of a desire to stimulate
other kinds of renewable fuels in addition to those derived from waste oils like UCO.

The analysis here also suggests that in UCO-exporting countries, there is some room for
policymakers to provide incentives that would increase UCO collection, either for use
domestically in biofuel or for export.
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