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EXECUTIVE SUMMARY

Indonesia has one of the most ambitious biofuel policies in the world. Currently, all
diesel fuel used for land vehicles must have 20% bio-content. By 2020, that mandate will
increase to 30%. At the same time, through its first Nationally Determined Contribution
(NDC), the country committed to reduce its greenhouse gas (GHG) emissions 26%
below business-as-usual (BAU) levels by 2020 and reduce them 29% below BAU by
2030. The biodiesel Indonesia uses to meet its mandate comes exclusively from palm
oil, which increases GHG emissions when compared to petroleum and is linked to
deleterious outcomes for ecosystems, including deforestation and loss of biodiversity.

Diversifying its biofuel mix by developing other, more sustainable feedstocks could help
Indonesia balance its biofuel blending targets and its environmental commitments. This
study assesses the opportunity to increase the collection and use of used cooking oil
(UCO) for biofuel production in Indonesia. This research builds upon previous works that
assessed the potential availability of used cooking oil, specifically in Greater Jakarta, also
known as Jabodetabek. In this work, we present newer data collected from interviews
with UCO biofuel producers and government officials as well as a literature review to
estimate the total UCO biodiesel potential nationally. We also analyze the economics of
UCO biodiesel production in the Indonesian context and assess the total national GHG
benefits from using UCO for biodiesel.

Cooking oil consumption is high in Indonesia, and there is no existing, systematic
effort to collect and repurpose UCO for other uses. While some of collected UCO is
refined into biodiesel, the rest is exported, reused as “new” cooking oil with negative
public health impacts, or disposed of in soil and wastewater, contributing to other
environmental problems.

UCO collection could be expanded to cover all urban restaurants and other
concentrated UCO sources with feasible public initiatives (Table ES 1). This amount
could make modest, but meaningful, contributions to Indonesia’s biofuel blending

and GHG reduction goals. With more intensive public initiatives to establish effective
household collection programs, Indonesia could collect enough UCO to produce 1.2
billion liters of biodiesel annually. This means Indonesia could replace 45% of its current
consumption of palm biodiesel with waste oil, saving around 6 million tonnes of carbon
dioxide equivalent (CO,e) annually. Although the collection of UCO at this level would be
challenging, we find this is just 50% of the total production of UCO, which we estimate
amounts to more than 3 billion liters per year.
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Table ES 1. Potential biodiesel production and GHG emission savings from UCO in Indonesia.

Potential palm Percent of palm
Used cooking oil biodiesel biodiesel that could Potential GHG
amount displacement be displaced with emission savings
Category (million liters/year) | (million liters/year) used cooking oil (million tonnes of CO,e)
Currently
collected 05
Easy to
collect (urban 157 121 4% 0.6
restaurants, etc.)
More challenging
to collect (urban 1638 1261 45% 6.2
restaurants and
households)
Technical
potential (total 3,072 2,366 84% n.5

production)

GHG = Greenhouse gas; CO.e = Carbon dioxide equivalent

Indonesia could also reduce government expenditures on the biofuel mandate by
providing a fraction of its biodiesel subsidy funds to UCO biodiesel, instead of to

palm biodiesel. Our analysis finds that UCO biodiesel in Indonesia has a much lower
production cost than palm biodiesel. We estimate that subsidizing biodiesel produced
from all UCO produced at urban restaurants would save the government 345 billion
rupiah per year compared to subsidizing the same amount of palm biodiesel. In addition,
supporting UCO biodiesel may result in savings in other sectors, such as public health
and water and soil conservation. Indonesia can leverage lessons learned from previous
domestic collection efforts, as well as from existing programs around the world, to
support utilization of this cost-effective, low-carbon resource.
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1. INTRODUCTION

For more than a decade, Indonesia has been promoting the use of biofuels. The main
goal is to reduce the country’s dependence on oil imports, but also to support the
domestic agricultural economy and to mitigate climate change. In 2008, the Ministry
of Energy and Mineral Resources (MEMR) adopted Indonesia’s first biofuel blending
mandate, MEMR Regulation No. 32/2008. Since then, Indonesia has ramped up its
efforts to promote biofuels by increasing its biofuel blend targets as well as providing
biofuel subsidies to producers. Currently, Indonesia imposes a 20% biodiesel blending
mandate on the transportation sector, locally referred to as the B20 program. Table 1
presents the Indonesian biofuel mandate per MEMR Regulation No. 12/2015, the second
amendment to the 2008 mandate.

Table 1. Indonesian biodiesel mandate, according to MEMR No. 12/2015, showing percent of biofuel
blending required.

January 2020
January 2016 and later

Microbusiness, fisheries, agriculture, and
public service (subsidized)

. 15% 20% 30%
Transportation
Industry and commercial
Electricity 25% 30% 30%

The biodiesel Indonesia uses to meet its national mandate comes exclusively from palm
oil. Over the last few decades, oil palm expansion in Indonesia has been one of the
major drivers of deforestation and biodiversity losses and has resulted in other negative
ecological impacts (Petrenko, Paltseva, & Searle, 2016). Much of the palm oil plantations
that replaced tropical rainforests also eradicated carbon-rich peat soils. The destruction
of peatland releases large amounts of CO, into the atmosphere, which contributes to
high land use change emissions of palm biodiesel. These emissions have been shown

to exceed the CO, emission benefit of displacing conventional diesel fuel with palm
biodiesel. In fact, land use change results in a net increase in Indonesia’s CO, emissions
(Kharina & Searle, 2016). Similarly, regulatory analyses performed for biofuel policies

in other countries consistently find that palm biodiesel drives very high emissions from
land use change, resulting in higher GHG emissions overall than those from petroleum-
derived fuels (Valin et al.,, 2015; CARB, 2014). It is clear that Indonesia’s biofuel policies
are counterproductive to the country’s goal of reducing CO, emissions by 26% relative
to a business-as-usual (BAU) scenario by 2020 (Government of Indonesia, 2016).

Biodiesel from some types of waste can be more environmentally friendly than those
made from food crops, such as palm oil, when those wastes are not used or are
underutilized. Many countries and jurisdictions, such as the United States, the state
of California, and the European Union promote industry development and the use

of biofuels derived from waste, including used cooking oil (UCO). UCO is abundant
in Indonesia and is underutilized. In addition, UCO is a low-cost feedstock requiring
relatively simple processing to convert it into biodiesel.
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The national consumption of cooking oil in Indonesia is substantial, accounting for
about 3.4 billion liters in 2017 (BPS, n.d.), yet the UCO biodiesel industry in Indonesia
is very small. In early 2018, there were fewer than ten known UCO biodiesel producers
in Indonesia with an estimated total annual capacity of 5.3 million liters. This figure is
miniscule compared to the 2.8 billion liters of palm oil biodiesel consumed nationally
in 2017 (Wright & Rahmanulloh, 2017). A non-exhaustive list of these producers is
presented in Appendix A. Some of these facilities are producing below capacity, due
to a limited supply of feedstock. One known producer, Lengis Hijau, has the ability to
produce 1.1 million liters annually, but produces an average of 572,000 liters each year.
Another producer, Genoil, which has an annual capacity of 1.46 million liters, produces
only 511,000 liters of UCO biodiesel per year. The government of Indonesia does not
maintain a list of UCO biodiesel producers in Indonesia and, overall, there is not a deep
understanding of the national potential for the UCO biodiesel industry.

This study presents new information regarding current UCO collection, its use in
Indonesia, and the potential for UCO to contribute to Indonesia’s biodiesel policies
as well as its CO, emission reduction goals. The information presented in this study is
sourced from literature reviews and from interviews with restaurants, UCO biodiesel
producers, and local government officials.
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2. ASSESSMENT OF UCO POTENTIAL

2.1. CURRENT UCO COLLECTION AND UCO BIODIESEL PRODUCTION

At present, there is no centralized UCO collection system in Indonesia at the national
or regional level. The majority of UCO comes from hotels, restaurants, and households
that either sell their UCO to collectors or dispose of it down drainpipes or as part their
municipal waste collection. UCO collectors resell it to exporters, biofuel producers,
recyclers, or other UCO repurposing industries. Exporters sell collected UCO to
countries, such as South Korea, Germany, United Kingdom, the Netherlands, the United
States, and Pakistan (M. Tumanggor, private communication, November 10t, 2017).
Recycled UCO is generally resold as cooking oil, mainly to price-sensitive consumers,
such as street food vendors and low-income households. UCO from households, on
the other hand, is generally not collected. The typical UCO supply chain in Indonesia is
presented in Figure 1.

Blender

Biodiesel

Disposal Producer

End User

RESTAURANTS
Other uses:

Precast panel

industry,
EoOD Collectos incinerator,

INDUSTRY otc

UCO recycle
for
consumption

England

Germany
Netherland
South Korea
USA
Pakistan

Exporters

Figure 1. UCO supply chain in Indonesia.

Based on a few interviews conducted with restaurant managers and UCO collectors, we
learned that collectors usually approach restaurants or businesses to collect their UCO,
and not vice versa. Many UCO collectors have an agreement in place with their sources
on quantities and prices, but there is generally no agreement on the quality of UCO

(M. Tumanggor, personal communication, November 10, 2017). Collectors typically take
all the UCO they can get, even though it is more challenging to produce a high-quality
product when using poor-quality UCO.

Comprehensive data is not available regarding UCO collection in Indonesia. Table 2 is
a summary of the few data points available for businesses, schools, and households
in Jabodetabek (Greater Jakarta, comprising Jakarta, Bogor, Depok, Tangerang, and
Bekasi). Table 2 also includes estimates of current UCO collection in other cities for
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which data is available, including Bali and Makassar. The actual collection amount is
likely to be higher than presented here.

Table 2. UCO collection in Indonesian cities.

Number of
Annual UCO establishments
Producer type collection (KL) surveyed
Restaurants
A. Adiwiyarso (personal
Paidlie 55 B8 % communication, November 28, 2017)
EAELY [Ffee 535 180 Clean Carbon Indonesia (2013)
Chicken
McDonald’s 8 3 Clean Carbon Indonesia (2013)
Jabodetabek
Ayam Suharti 1.7 3 Clean Carbon Indonesia (2013)
Bebek Selamet 43.2 5 Clean Carbon Indonesia (2013)
Schools 62.4 20 Clean Carbon Indonesia (2013)
Hospitals 3.6 4 Clean Carbon Indonesia (2013)
Households 0.8 188 Fujita et. al. (2015)
Jabodetabek total 189.7
Hotels and E. Setyawan (personal

Bali restaurants 156 N/A communication, November 24, 2017),
Christensen (2012)

Hotels, restaurants, A. Mutawakkil (personal
Makassar and the food 547.5 N/A communication, November 16, 2017),
industry Aria (2016)
TOTAL 893.2

2.2. POTENTIAL FOR INCREASING UCO COLLECTION

While it appears that relatively small volumes of UCO are currently collected in
Indonesia, there is high potential to increase UCO collection and usage in biodiesel. In
this section, we review government efforts to increase UCO collection and estimate how
much could be collected with more government initiatives or with a UCO price increase.

Some regional governments have begun to support increased UCO collection. The
provincial government of DKI Jakarta has created initiatives through Governor
Regulation No. 167/2016 to manage UCO waste and increase UCO collection for
biodiesel. This is the first provincial-level regulation in Indonesia that regulates UCO.
UCO producers, which are defined in the regulation as restaurants, hotels, food industry,
and “other businesses,” are obligated to reuse UCO in non-food uses or supply it to
collectors or other beneficiaries (e.g. biodiesel producers). According to the regulation,
UCO is not allowed to be reused for consumption or thrown away.

The provincial government of DKI Jakarta plans to issue a technical regulation in 2018 to
implement the governor’s regulation. The government also plans to conduct widespread
socialization of the governor’s regulation with various stakeholders, especially UCO
producers. Specific steps include a program blueprint, a socialization roadmap (both
internally and externally), a one-stop licensing service, and an implementation standard.
In the future, the government envisions a system in which all UCO sources, including
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hotels and restaurants, would be required to submit a periodic report on their UCO
management. All UCO collecting parties must also have a business license and be

registered. This program would also allow households to receive payment for UCO
delivered to waste banks (L. Hanum, personal communication, November 16, 2017).

Bali is following Jakarta’s steps. According to Denpasar City Government staff D.
Suteja (personal communication, November 23, 2017), the city is developing a Mayor’s
Regulation that would include a mandate for all hotels and restaurants to supply their
UCO to officially licensed biodiesel producers.

It is clear that there is great potential to increase UCO collection. PT Clean Carbon
Indonesia (2013) published a fairly comprehensive report on the UCO potential in

the Jakarta area. The report estimates that a total of 26 kiloliters and 2,540 kiloliters
per year of UCO could be collected from hospitals and schools in the Jakarta area,
respectively. Another data point comes from Christensen (2012), who quotes survey
results from the firm Caritas Switzerland, which estimates that hotels and restaurants
on the island of Bali have the potential for supplying 16.6 kiloliters of UCO per week.
From these numbers, we estimate the rate of potential UCO collection per capita from
hotels and restaurants and extrapolate to all Indonesian cities, using population data
from the Ministry of Home Affairs, according to the ministerial regulation No.137/2017.
We estimate the potential UCO availability from these sources to be 156,618 kiloliters
annually (Table 3). If collected, this amount of UCO would be enough to supply more
than 100% of the current UCO biodiesel producer capacity in the country. The number
does not include UCO from food production facilities, such as catering businesses,
hypermarkets, and factories producing chips and other snacks. As one example, 43
branches of Carrefour Hypermart have supplied 14.4 kiloliters of UCO per year to the
government of Bogor as part of a UCO biodiesel program (Kusuma, 2013).

Even greater amounts of UCO could be collected from households in Indonesia
compared to commercial sources. These domestic sources offer better-quality UCO
compared to that collected from hotels, restaurants, and other businesses (Li and Yu,
2015). Better-quality UCO produces higher-quality biodiesel with better yield (the ratio
of biodiesel produced to the amount of feedstock used) than lower-quality UCO.

We estimate the national potential for UCO collection from urban households. According
to a survey conducted by Fujita, et.al. (2015), each household in Bogor city produces
about 0.8 liter of UCO per month. We extrapolate this finding to the entire country,
combined with data on population and household size. The Indonesian population

living in cities in 2015 is estimated to be around 140 million people, comprising

53.5% of the national population, according to BPS (2017). BPS also reports that

an average household consists of 3.9 people. From this, we estimate there are 35.8
million households in Indonesian cities, and 67.2 million nationwide. We assume that
UCO collection from rural households would be substantially more difficult, and more
expensive, than collection from urban households. Assuming that UCO is only collected
from urban households, it is estimated that more than 1.6 million kiloliters of UCO can be
obtained (Table 3).
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Table 3. UCO collection in Indonesia, current and potential.

UCO amount
Category (kL/yr) Description

Currently collected 893

Potential UCO production from restaurants, hotels,

Ee0E 59 G B [Eole schools, and urban hospitals

Potential UCO production from restaurants, hotels,
schools, hospitals, and urban households

More challenging to

collect Al

Technical potential 3,072,280 Potential UCO production from all sources nationwide

2.3. ECONOMICS OF UCO BIODIESEL

This section attempts to estimate the average price and cost of producing UCO
biodiesel and the resources the Indonesian government would need to support it as
much as they have supported palm biodiesel.

As part of the B20 program, the government of Indonesia subsidizes palm biodiesel for
transportation using monies collected from the Indonesian Oil Palm Estate Fund (BPDP-
KS). Pertamina, a state-owned oil and gas company, and AKR Corporindo, a publicly
held company, are the only two companies licensed to distribute subsidized diesel fuel in
the country. MEMR directly appoints a number of biodiesel producers to provide certain
volumes of biodiesel to specific oil depots operated by Petamina or AKR Corporindo.
For example, MEMR Regulation No. 3756/2017 requires 1.4 million kiloliters of unblended
biodiesel sold by 20 designated biodiesel producers to be blended with subsidized
diesel fuel and shipped to end users by designated distributors - Pertamina and AKR
Corporindo - from November 2017 to April 2018. To predetermine the amount of subsidy
given to these biodiesel producers, MEMR issues a monthly biofuel market index price,
which is a sum of the previous month’s Crude Palm Qil (CPO) price, $100 USD/tonne

to account for the cost of converting CPO to biodiesel, and a region-specific transport
fee. Once a subsidy is calculated—by finding the difference between the biofuel market
index price and the conventional diesel price—it’s provided to the designated biodiesel
producers to enable them to cover their production costs. In comparing the cost of palm
biodiesel and CPO biodiesel in this report, we refer to the market price index for March
2018 according to EBTKE letter No.1179/2018.

Although this subsidy program is well-instituted for palm biodiesel, it has not been
implemented for UCO biodiesel to date. The remainder of this section analyzes UCO
biodiesel production economics and estimates the amount of subsidy that would be
provided to a typical UCO biodiesel producer, if it were eligible.

Table 4 summarizes the available information on UCO prices by city and type of buyer
in Indonesia. Although the data spans a few years, there does not appear to be a price
discrepancy between regions. This corroborates the finding by Clean Carbon Indonesia,
PT (2013) of similar prices countrywide for UCO. UCO exporters may offer higher prices
compared to other buyers.
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Table 4. UCO price by location in Indonesia.

UCO Price
Location Buyer (IDR per liter)

Clean Carbon Indonesia (2013), M. Tumanggor

Collector SRl 010 (personal communication, November 10, 2017)

Jakarta |
M. Tumanggor (personal communication,
23l ZES November 10, 2017)
S ~ Setiawati (personal communication, November

Bogor Eieefces Ereelies? 3,500-4.250 59 5017y, Arifenie (2011, & Fuijita et.al. (2015)
East Java Biodiesel producer 3,500-7,000 Arifenie (2011)

Biofuel producer 2,500

. E. Setyawan (personal communication,

Bali Exporter 5,000 Novemnber 24, 2017)

Animal feed producer 6,000-7,000
Makassar Biofuel producer 3,500 A.H. Mutawakkil (personal communication,

November 16, 2017)

Table 5 presents cost estimates of UCO biodiesel production in Indonesia. Because the
process to produce biodiesel is the same whether using palm oil or UCO, we assume

the same conversion cost for UCO as for palm oil, as estimated by the government. All
conversions between U.S. dollar and Indonesian rupiah in this calculation are based on
historical exchange rates between the Indonesian Rupiah (IDR) and the U.S. Dollar (USD)
between September 10, 2017, and March 7, 2018

UCO may require pretreatment before it can enter the biodiesel production process.
Like palm oil and other crude vegetable oils, UCO contains impurities, including free
fatty acid (FFA) and water. High FFA content in biodiesel feedstock may compromise
transesterification, the process to convert oils and fats to biodiesel, resulting in a
reduced biodiesel yield and low-quality product (Elliott, 2008; Fenanangad et.al., 2015;
Li and Yu, 2015). Indonesian CPO biodiesel producer Lengis Hijau reported the need to
add purifying compounds to UCO to remove impurities before processing into biodiesel
(E. Setyawan, personal communication, November 24, 2017).

As demonstrated by Elliott (2008), biodiesel production from waste feedstocks with high
FFA and water content is possible without pretreatment, but generally UCO puirification
may be preferable to ensure a high-quality biodiesel. We include the cost of pretreatment
in our analysis, assuming a methanol solution and sulfuric acid are used to convert FFA
before transesterification, as described in detail by Canakci and Gerpen (2001).

There is variation in reported UCO biodiesel yields. For example, 94% is quoted by
Mandolesi de Araujo, de Andrade, de Souza e Silva, and Dupas (2013), while Canacki
and Gerpen (2001) report a yield of 91%. In this analysis we refer to the GREET?
model’s yield value of 77%. This value is closer to values reported by Indonesian
producers, ranging between 70% and 80% (Arifenie, 2011; Setiawati, personal
communication, November 29, 2017).

1 https:/www.exchange-rates.org/history/IDR/USD/T, accessed March 8, 2018

2 Yield value of 1.3, according to the GREET model developed by the California Air Resources Board (CARB, n.d.)
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The biodiesel process produces glycerine as a by-product, which is relatively highly
priced. Although not all UCO biodiesel producers consider this a sellable product, we
consider it a potential source of income and estimate the value based on Malins (2017).

Table 5. Estimated cost to produce one liter of UCO biodiesel.

T T T S

Average UCO price for biofuel 3781 Table 4

producers

Pretreatement cost 686 Calculated according to report by Canakci &
Gerpen (2001)

Biodiesel production cost 1,174 EBTKE Letter No. 1179/12/DJE/2018

Glycerine income (340) Malins (2017)

Total UCO biodiesel cost 5,301 Calculated

Referring to EBTKE Letter No.1179/ DJE/2018, the government of Indonesia set the palm
biodiesel price at IDR 8,161 in March 2018. Assuming a price for subsidized diesel fuel
(commonly called Public Service Obligation, or PSO) of IDR 5,150 per liter as reported
by BPH Migas (2018) for February 2018, the biofuel subsidy for palm biodiesel amounts
to IDR 3,011 per liter.

According to our analysis, the median cost of producing UCO biodiesel is approximately
IDR 5,300 per liter, a cost that is 35% lower than producing palm biodiesel and is
almost as low as the price of PSO diesel fuel. Subsidizing UCO biodiesel instead of palm
biodiesel could save the Indonesian government IDR 2,860 per liter. This figure depends
very much on the CPO market price, which varies monthly. As a comparison, the
average palm biodiesel subsidy over the period January-October 2017 was IDR 4,054
per liter (Yuniartha & Laoli, 2017), costing the Indonesian Government 5.7 trillion rupiah
during that period, or about 7.6 trillion rupiah annually. If UCO collection in Indonesia
could be expanded to the “easy” sources listed in Table 3 (urban restaurants, schools,
etc.) and this amount were subsidized for biodiesel production, reducing the need to
subsidize palm biodiesel, the government could save around 345 billion rupiah per year.
This amount does not account for the indirect savings that may arise from unclogged
waterways, uncontaminated groundwater, and increased health risks arising from
consuming UCO as “new” cooking oil.

Indonesia could also benefit from reducing UCO exports and using this resource
domestically. We are unable to find information on the total amount of UCO exported
from Indonesia specifically.

2.4. POTENTIAL PALM OIL DISPLACEMENT AND GHG BENEFITS

Replacing a fraction of Indonesia’s palm biodiesel with UCO biodiesel would carry
substantial climate benefits, in addition to saving Indonesia’s government money on
subsidies. Palm oil cultivation is associated with very high land-use change emissions
from deforestation and peat drainage (Petrenko & Searle, 2016). According to Wright

& Rahmanulloh (2017), Indonesia consumed 2.8 million kiloliters of biodiesel in 2017, all
produced from palm oil. Based on our previous analysis, every tonne of UCO biodiesel
that displaces palm biodiesel would avoid enough deforestation, peat drainage, oil palm
production, and palm oil processing to save 4.9 tonnes of CO,e (Kharina & Searle, 2016).
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Using a conservative assumption of 77% for UCO biodiesel yields, we estimate the
amount of palm oil that could be displaced and the associated GHG benefits in Table
4. The UCO that could be easily collected from restaurants, hotels, schools, and urban
hospitals could displace 4% of national palm biodiesel consumption, saving about
588,000 tonnes of CO2e. UCO collected from urban households as well as urban
restaurants, etc., could displace around 45% of palm biodiesel consumption, delivering
around 6 million tonnes of CO e reduction. If all the potential UCO in Indonesia were
collected and used for biodiesel production as part of Indonesia’s B20 policy, it would
displace about 2.4 billion liters of palm biodiesel annually. This amounts to 84% of
Indonesia’s 2017 national biodiesel consumption and would result in a savings of nearly
12 million tonnes of CO2e per year.

Table 6. Potential palm biodiesel displacement and GHG benefits.

Potential palm Percent of palm Potential GHG
Used cooking biodiesel biodiesel that could | emission saving

oil amount displacement be displaced with (million tonnes
Category (million liters / year) | (million liters / year) used cooking oil of CO,e)

Currently collected 0.9

Easy to collect (urban

0,
restaurants, etc.) 157 121 4% 06

More challenging to
collect (urban restaurants 1,638 1,261 45% 6.2
and households)

Technical potential (total

. 3,072 2,366 84% 1.5
production)
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3. OTHER BENEFITS OF USING UCO IN BIODIESEL

3.1. ECOLOGICAL BENEFITS OF AVOIDING UCO DISPOSAL

There would be other environmental benefits from increasing UCO collection and using
it in biodiesel. UCO that is not collected or reused is generally disposed of in drains,

on the ground, or in landfills with negative ecological impacts on local waterways,
groundwater, and soils. A survey by Vanessa & Bouta (2017) found that 51% of UCO from
households in Tangerang, Indonesia, is discarded in municipal waste collection, 39% is
dumped in the gutter or sewer, and 4% is dumped directly onto the ground. Similarly,
Fujita et.al. (2015) reported that 51% of households in Bogor, Indonesia, dispose of their
UCO in the gutter while 17% dump it onto the soil.

UCO poured down the drain or gutter ends up in local waterways and can cause
blockages in plumbing. When disposed of in water bodies, UCO increases the level

of organic pollutants in the water. Since these organic pollutants are biodegradable,
aerobic degradation processes take place that consume oxygen dissolved in the water,
resulting in a reduction of the oxygen level in the water. This in turn leads to lower water
quality that could endanger animals and plants within water bodies (EPA, n.d.).

Oil and grease disposed of in landfills or dumped directly onto the soil potentially
seeps deeper into the ground and into the surrounding groundwater. This has negative
impacts on local vegetation and possibly local animals and insects. Thode Filho et.al.
(2017) reported that UCO in the soil is toxic to earthworms and may cause changes in
plant morphology.

3.2. HEALTH BENEFITS OF AVOIDING UCO REUSE IN FOOD

Increasing UCO collection for biodiesel production would also have health benefits.
Based on a survey by Caritas Switzerland, as cited by Christensen (2012), 50-60%

of used cooking oil produced in hotels and restaurants in Bali is reused in food. This
corresponds to more than 9,000 liters of recycled UCO used for cooking in Bali every
week. In another survey performed in Jabodetabek, 4%-15% of households give their
UCO to their domestic workers as a way to dispose of their UCO (Fujita et.al.,2015;
Vanessa & Bouta, 2017). Although there is no information regarding further use of UCO
in this case, we can assume that at least a portion of UCO given to domestic workers is
consumed in food.

Research showing detrimental effects of consuming used cooking oil is abundant.
Repeated use of cooking oil increases the level of 4-hydro-2-trans-nonenal, or HNE, in
the oil. HNE, a toxic substance easily absorbed in food, and is linked to many different
neurodegenerative conditions, such as stroke, Alzheimer’s, Parkinson’s, and Huntington’s
diseases as evidenced by Kruman et.al. (1997) and corroborated by the University of
Minnesota (2005).

Furthermore, consuming used cooking oil increases LDL (“bad” cholesterol) and
reduces HDL (“good” cholesterol) (Adam et al., 2008). Increased LDL is directly
linked to hypertension and together, they can increase the risk of cardiovascular
diseases, as demonstrated by Egan, et.al. (2012), and Cicero, et.al. (2014) among other
studies. Soriguer et.al. (2003) conclude that the risk of hypertension is positively and
independently associated with the amount of used cooking oil intake. In addition, a
study by Leong et.al. (2012) shows that UCO consumption may negatively affect the
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activity of blood pressure-regulating enzymes, further increasing the risk for heart
disease. According to the Indonesian Ministry of Health (2017), coronary heart disease is
the leading cause of death in Indonesia, costing the country 7.4 trillion rupiah annually.

The list of diseases linked to the consumption of UCO does not end there. Animal testing
of UCO consumption by Venkata & Subramanyam (2016) and Srivastava et.al. (2010)
show that increased consumption of UCO leads to damage in the gastrointestinal system
as well as kidney and liver functions.

It is clear that reducing the consumption of UCO in food would have health benefits for
Indonesia’s population.
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4. UCO COLLECTION PROGRAMS

4.1. BOGOR UCO BIODIESEL PROGRAM

Bogor is the only city that has attempted to run a UCO biodiesel program in Indonesia.
From 2008 to 2015, the regional transportation company, Perusahaan Daerah Jasa
Transportasi (PDJT), collaborated with the Bogor City Environmental Management
Agency to run a biodiesel program using UCO. The city collected UCO from households,
schools, government buildings, and businesses to convert into biodiesel, which was
then supplied to the public Trans Pakuan buses. After a few years of UCO collection

and biodiesel production, the Bogor City government tested the UCO and found that,

in general, it was poor. The biodiesel produced from this UCO did not pass the national
standard. In addition, UCO biodiesel appeared to cause damage to the Trans Pakuan
buses (Setiawati, personal communication, November 29, 2017). The Bogor city program
was discontinued in 2015.

It seems likely that the UCO collected in the Bogor program was of low quality and had
high FFA content. The fact that the biodiesel produced from this UCO did not pass the
national standard suggests that biodiesel producers did not pretreat their UCO before
transesterification. As discussed in section 2, it is technically feasible and economically
viable to pretreat UCO and produce high-quality biodiesel that would not damage
vehicles. If anything can be learned from the Bogor experience, it is that UCO needs to
be properly pretreated before it’s used in biodiesel.

The Bogor UCO biodiesel program is an example of a good incentive from the
government, but it might have been more successful with better implementation and
oversight. Similar programs are currently running successfully, including those in the
United States and Europe, where UCO pretreatment is recommended by governments
as a best-practice to ensure that the biodiesel meets specifications (Tsoutsos &
Stavroula, 2013). In the United States, 11% of all biodiesel produced in 2017 was produced
from UCO (EIA, 2018).

4.2. POTENTIAL UCO INCENTIVES FOR INDONESIA

The UCO biodiesel industry in Indonesia is in its infancy, and government incentives
are needed for it to be successful. UCO biodiesel producers in Indonesia currently face
difficulties in securing high quality feedstock in sufficient amounts. They must compete
for this resource with exporters and UCO recyclers for resale in the food industry.

Indonesia could make policy changes to better support the UCO biodiesel industry, such
as promoting UCO collection, supporting refinery construction, and securing a market
for the end product. Indonesia could consider examples of policy incentives in other
countries. Some governments, such as the U.K. Food Safety Agency (n.d.), mandate that
UCO collected from catering businesses be supplied to biodiesel producers, incinerators
for the generation of electricity, or for other uses, such as in the oleochemical industry.
Furthermore, E.U. Regulation No. 142/2011 only authorizes UCO to be converted into
biodiesel at authorized plants. All E.U. countries, as well as the United States, support
demand for UCO biodiesel by including UCO as an eligible feedstock in biofuel
mandates (European Parliament & Council of the European Union, 2015; CARB, 2018;
Regulation of Fuels and Fuel Additives, 2010). In each of these cases, the blending of
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UCO biodiesel into diesel transport fuel receives greater incentives than most other
biofuel feedstocks.

We suggest two primary policy approaches to help Indonesia achieve the UCO
potential quantified in this report. The most important primary step is to explicitly
incorporate UCO biodiesel into the B20—and soon to be, B30—program. Thus far, palm
oil biodiesel producers comply with the biodiesel mandate in the transportation sector
by contracting by Pertamina. This option is not available to UCO biodiesel producers.
To sufficiently support the growing UCO biodiesel industry in Indonesia, UCO biodiesel
producers need to be able to blend UCO with conventional diesel and to be able to sell
it to Pertamina or other blenders as part of the Biodiesel National Mandatory Program.
More specifically, UCO biodiesel producers should be added to the list of eligible
producers able to blend their fuel with subsidized diesel fuel. Secondly, Indonesia could
include UCO biodiesel in the biodiesel subsidy program, which would have the dual
benefit of supporting the development of the UCO biodiesel industry as well as saving
the government money. To do this, the government could set a separate price for UCO
biodiesel or redefine the palm oil biodiesel price to be a generic biodiesel price.

The following policy steps could also help the fledgling Indonesian UCO biofuel industry to
produce high-quality biodiesel to contribute to Indonesia’s biodiesel mandate. Indonesia
could set a standard for UCO biodiesel quality. A quality target to aim for may help biofuel
producers control their UCO feedstock quality and refining process. It would also help

to identify a certification process for UCO biodiesel production. Another measure would
be to require registration and certification of UCO biodiesel producers. With these two
certification processes in place, the government could more easily ensure robust UCO
biodiesel quality should it incorporate UCO biodiesel into the biodiesel mandate program.
Lastly, the government could establish an investment and training program for small-scale
UCO biodiesel producers, especially in rural communities.

In addition, Indonesia could also consider policies used in other countries, such as
mandating that collected UCO be supplied to non-food uses or providing targeted fiscal
incentives for UCO biodiesel producers.
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5. CONCLUSIONS

There is a clear opportunity for Indonesia to contribute towards its energy independence
and climate mitigation goals, while saving money on its biofuels program. Indonesia
produces large quantities of UCO, which is mostly wasted or reused in food with negative
health impacts. Promoting and incentivizing UCO collection is a cost-effective way to
diversify Indonesia’s biofuel supply, while delivering health and environmental benefits.

There are precedents for UCO collection and utilization programs. The city of Bogor
had a successful UCO collection program that fed into a biodiesel refinery that supplied
biodiesel to a local public transportation company. The program was stopped for
technical reasons, but it is clear that such a program is possible. By implementing
lessons learned from the previous program, as well as best practices from successful
programs abroad, Indonesia could successfully utilize UCO in biofuel.

One of the key drivers for successful UCO collection and biodiesel production is financial
incentive. The production cost of UCO biodiesel is lower than that of palm-based
biodiesel, but it is still more expensive to produce than conventional fuel and thus would
require policy support. Providing some of the palm oil estate funds to UCO biodiesel
would be the most effective way to encourage the uptake of UCO biodiesel production
in Indonesia. The government of Indonesia could also ensure that the UCO biodiesel
produced in the country would be consumed there by making it possible for UCO to be
blended with conventional diesel and to be sold to Pertamina and other fuel blenders.
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APPENDIX A. LIST OF BIOFUEL PRODUCERS

Estimated Capacity
Location (kl/yn)

Denpasar, Suriyani (2016)
VR B Ll Bali Reckerzugl (2013)
2 Wahana Abdi Serpong, 2085 Soewandi (n.d.)
Tirtatehnika Sejati Banten ’ Arifenie (2011)
3 Artha Metro Oil Slle eElih N/A Artha Metro Oil (n.d.)
East Java
4 Genoil / CV. Garuda Makassar, 1460 Aria (2016)

Energi Nusantara South Sulawesi




