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Abstract: As byproducts generated by commercial and domestic food-related processes, FOGs (fats,
oils, and grease) are the leading cause of sewer pipe blockages in the US and around the world. Grease
trap waste (GTW) is a subcategory of FOG currently disposed of as waste, resulting in an economic
burden for GTW generators and handlers. This presents a global need for both resource conservation
and carbon footprint reduction, particularly through increased waste upcycling. Therefore, it is critical
to better understand current GTW handling practices in the context of the urban food–energy–water
cycle. This can be accomplished with firsthand data collection, such as onsite visits, phone discussions,
and targeted questionnaires. GTW disposal methods were found to be regional and correspond to key
geographical locations, with landfill operations mostly practiced in the Midwest regions, incineration
mainly in the Northeast and Mid-Atlantic regions, and digestion mainly in the West of the US. Select
GTW samples were analyzed to evaluate their potential reuse as low-cost feedstocks for biodiesel
or renewable diesel, which are alternatives to petroleum diesel fuels. Various GTW lipid extraction
technologies have been reviewed, and more studies were found on converting GTW into biodiesel
rather than renewable diesel. The challenges for these two pathways are the high sulfur content in
biodiesel and the metal contents in renewable diesel, respectively. GTW lipid extraction technologies
should overcome these issues while producing minimum-viable products with higher market values.

Keywords: grease trap waste (GTW); fats, oils, and grease (FOG); biodiesel; renewable diesel; solvent-free
lipid extraction

1. Introduction

FOGs (fats, oils, and grease) are lipid-containing wastes generated from restaurants
and food processing facilities, as well as from individual households. These FOG wastes are
grossly classified into two categories. The first is used cooking oil (UCO), also called yellow
grease, and the second is oil-containing waste from various food production and washing
processes. Commercial food service establishments (FSEs) in the US are required to have
grease interceptors or grease traps to collect this second type of oil-containing waste, which
is also called grease trap waste (GTW). UCO/yellow grease is usually collected and reused
in processes that increase its value, such as making biofuels, while GTW is mostly treated
as an unusable waste [1].

GTWs have long been problematic for sewer systems, as they are the primary cause
(47% in the US) of pipeline blockage and can result in sewer overflows that are very
expensive to repair. In Seattle, Washington, between the years of 2003 and 2009, there were
147 sewer backups related to grease blockages. These blockages accounted for one-third
of the total incidents in that time period, with an associated cost of approximately USD
220,000 [2]. In San Francisco, California, more than USD 3.5 million was spent on cleaning
up GTW clogging and overflow damages [3]. More than 72,000 m3 (19 million gallons) of
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sewer overflows were reported in North Carolina from 1998 to September 2001 [4]. In the
UK, the “fatberg”, a blockage composed of FOG and non-flushable wet wipes, has been
consistently reported in sewer systems over the years [5,6]. Frequent sewer overflows have
similarly occurred in the US, Hong Kong, Malaysia, Ireland, etc. [7]. In Hong Kong, GTW
build-up resulted in more than 60% of sewer blockages in 2000 [8]. Damages from GTWs
have been reported in many urban communities around the world on similar scales [9].
An analogy of a heart attack caused by cholesterol can be used to describe the risk that
sewer overflows caused by GTWs present to modern sewage systems. Therefore, proper
management of GTW is critical for global municipalities in order to solve this problem.

The US EPA has developed a national pretreatment program (EPA 40 CFR 403) to
control FOG discharges from commercial FSEs [1]. Most state and local governments
have set up FOG regulations that require FSEs to install grease traps or interceptors to
separate FOGs from wastewater being discharged to public sewers [10]. FOG regulations
require FSEs to properly maintain these traps and usually provide a list of certified grease
haulers for services. FSEs are expected to have grease traps periodically cleaned by grease
haulers. Some communities also use local municipal codes, such as Seattle SMC 21.16.300,
to prohibit FSEs from discharging wastewater that contains more than 100 ppm of FOGs
directly into the public sewer system [11]. In accordance with these regulations, FOG
generators pay a collection fee to grease haulers, who may either reuse the GTW, dispose
of GTW in a landfill, or dispose of GTWs at publicly owned treatment works (POTWs) for
a fee. Illegal GTW dumping can occur when haulers try to avoid disposal fees. Such cases
have been reported in Akron, Ohio, between 2015 and 2018 [12,13]. This likely occurred
when Akron was still developing a FOG program, which is now enforced and is helping to
alleviate the issue.

Commercial FSEs also receive education on FOG management from other sources.
The National Restaurant Association (NRA) has developed a “Fats, Oils, and Grease Tool
Kit” to better educate restaurants on how to manage their FOGs [14]. UCO recycling is
encouraged whenever the means to do so are available to FSEs, while pouring down the
drain is discouraged. Many municipalities have UCO collection services, such as San
Francisco and the District of Columbia, etc.. Some POTWs also offered UCO collection
from individuals.

For individual households, oil-containing wastes from food processing tend to be
flushed down the drain and into the public sewer system, where they end up in POTWs.
A Canadian study reported that up to 60% of GTWs can be attributed to domestic food
preparation activities [15]. This type of GTW is called sewer grease. The quality and
quantity of household GTWs are affected by individual activities, such as food purchased,
cooking, waste disposal, and cleaning [16]. Additionally, sewer grease tends to be of lower
quality due to the longer residence time in the pipes.

GTWs entering POTWs are further classified into two categories: trap grease and sewer
grease. To avoid mixing GTWs with other waste, some POTWs have a grease-receiving
facility for GTWs only. This type of GTW is usually referred to as trap grease. Since GTWs
can also come from sewer pipes, some POTWs mix GTWs into the wastewater headwork.
When wastewater reaches the primary settling tanks, GTWs are skimmed off as scum
and further dewatered before being sent to a landfill [17]. The classifications of different
oil-containing byproducts are shown in Figure 1.

The current position of GTWs in urban communities is primarily a waste and economic
burden to the stakeholders involved. Because GTWs come from food preparation, cleaning
at home, and commercial FSEs, increasing urbanization or urban revitalization will likely
increase GTW generation and its associated negative impacts. To resolve this, resource
conservation and reuse through landfill diversion and product upcycling can help reduce
the carbon footprint and provide other benefits [18]. Instead of being disposed of as waste
at a cost, GTWs should be more beneficially incorporated into urban food–energy–water
(FEW) systems through repurposing. There are several GTW upcycle pathways, including
anaerobic digestion, which have been implemented by stakeholders and are supported
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by many publications. Based on the waste hierarchy proposed by the European Parlia-
ment Council, biodiesel production is preferred as a waste reuse pathway over anaerobic
digestion [19]. Interest in upcycling GTWs as feedstocks for biodiesel or renewable diesel
is largely motivated by feedstock costs, which typically constitute 70–90% of biodiesel
production costs [20]. In addition, converting waste oil feedstocks to alternative diesel fuels
(ADFs) results in higher GHG reductions than using virgin feedstocks [21,22]. Under the
low-carbon fuel standard (LCFS), which is established in western regions of the US and
Canada, GTW-derived biodiesel has one of the lowest carbon intensities, with as high as
86% carbon reduction compared to petroleum diesel [23,24]. As municipalities are striving
to lower their carbon footprints, GTW reuse will receive more attention.
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In the US, many municipalities manage GTW through POTWs, but the data are usually
not publicly available. Therefore, as depicted in Figure 1, the goal of this paper is to provide
a survey of the current GTW management practices of POTWs in the US, as many of
the POTWs serve as GTW aggregators. Technologies for GTW upcycling as feedstocks
for alternative liquid transportation fuels, both biodiesel and renewable diesel, are also
summarized, along with each of their potential challenges. GTW inventory and properties
pertinent to these ADFs are also briefly summarized.

2. Current GTW Management in POTWs in the US

Details on GTW collection, handling, and disposal are usually not available on websites
or in publications. Therefore, it is necessary to conduct an interview-based survey with as
many POTWs as possible. Information on US POTWs was obtained from USEPA’s 2012 data
dashboard of the Clean Watersheds Needs Survey [25], which contained 14,691 POTWs.
Based on this database, the POTWs were first sorted into four categories by the daily
processing capacity, MGD (million gallons per day). The treatment capacity of the largest
50 POTWs (top 50) is at least 92 MGD, that of the largest 100 POTWs (top 100) is at least
52 MGD, the largest 1000 POTWs (top 1000) with at least 5.3 MGD and those outside the
top 1000.

Select POTWs from the top 1000 (daily processing capacity of more than 5.3 MGD)
were first contacted via email to inform them of the purpose of the survey. When the
POTWs responded with interest to participate, data collection was performed via onsite
visits (preferred), phone calls, or emails with a standard questionnaire on their collection
and handling of GTW (see the Supplementary Material). The following technical details
were collected: facility capacity, GTW management program, GTW disposal methods, GTW
disposal cost, other GTW handling details, and whether they accept GTW from haulers, etc.

Firsthand information on GTW management was obtained from 36 POTWs. Overall,
25 out of the 36 POTWs were visited onsite, with a tour and face-to-face discussion, while
data collection from the rest was carried out through phone calls (usually lasting no more
than 15 min) and emails. The 36 POTWs were located across 15 states, as well as the District
of Columbia (shown in Figure 2). Based on the census regions of the US, sixteen = POTWs
are located in the East North Central region; four are located in the New England region,
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three in the East South Central region, five in the Mountain region, three in the Pacific
region, one in the Middle Atlantic region, one in the West North Central region, and three
in the South Atlantic region [26].
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The average processing capacity surveyed is 110.46 MGD, and 18 of those facilities
are among the largest 100 POTWs. Overall, 9 of the surveyed 36 POTWs are among the
top 50 in the US based on daily processing capacity, including the 4 largest: Stickney Water
Reclamation Plant (Chicago, Illinois), Detroit Water and Sewerage Department (Detroit,
Michigan), Blue Plains POTW (Washington, DC), and LA Sanitation District (Los Angeles,
California). Three of the POTWs surveyed are outside the top 1000 largest facilities.

In total, 19 out of the 36 POTWs do not accept FOGs from grease haulers and only
process sewer grease in their facilities. Furthermore, 34 out of 36 POTWs surveyed have
established FOG management programs in their service areas, with only 2 being without
such a program. One POTW (in the Pacific region) without such a program plans to manage
GTWs as a resource instead of a waste. They also plan to negotiate a bulk GTW collection
fee with grease haulers to benefit FSEs in their service area (with the co-benefit of more
consistent GTW quality) [27]. The second POTW without such program is located in the
Midwest. These two locations only represent 2.41% of the total treatment capacity included
in the survey.

POTWs typically dispose of GTW through one or more of the following methods:
landfill, incineration, and digestion. The choice of disposal method is largely based on cost,
local regulations, and the resources available.

2.1. Landfill

Landfill disposal of GTWs is reported at 19 of the 36 POTWs surveyed, which makes up
65.93% of the total capacity. Moreover, 16 out of the 19 POTWs are from the Midwest (East
North Central and East South Central), with the remaining 3 POTWs located in the South
Atlantic. This is mainly due to the much lower disposal costs in the Midwest (e.g., USD
15–USD 32/ton) [28,29]. While the low landfill cost may discourage POTWs from investing
in GTW reuse technologies, it is important to note that landfill costs are significantly higher
(USD 75–USD 95/ton in the state of California and up to USD 260/ton in Connecticut
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and New York, largely due to regulations and land availability [30]. Additionally, landfill
disposal has significant negative environmental impacts, and the landfill diversion of
organic wastes has become more commonly practiced as a result.

Two representative cases of POTWs are summarized as follows.
A POTW in southwest Ohio (OHTW), which falls in the largest 50 category, handles

approximately 200 million gallons of wastewater per day and has nine treatment plants.
Both septic and trap grease are collected from 60 certificated grease haulers at approximately
1.6 million pounds of GTW per year, which are mixed into the primary settling tank along
with sewage. Oily contents floating on top of the wastewater are skimmed mechanically
and transported into a separator tank for further dewatering [31]. The sewer grease and
trap grease mixture are then mixed with other dry wastes for landfill disposal, with an
annual operation cost of around USD 208,000 [28]. The process for sewer grease dewatering
has improved over time at OHTW, largely by changing from open dumpsters to filter bags
(Figure 3). These waste-filled bags are placed in truck-sized dumpsters to be hauled directly
to the landfill. This can reduce the volume of disposal as well as the odor. The filter bag
method has been adopted by several POTWs.
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(OHTW).

A POTW in Northern Kentucky (KYTW) operates three facilities, and we visited the
largest one (46.5 MGD) multiple times. KYTW has built a grease-receiving station to accept
GTWs from about 30 certified haulers in the area. Unlike the OHTW, KYTW separates
GTWs from septic waste at a dedicated grease-receiving station. By separating GTWs as
hauler/render’s grease and scum (in wastewater), KYTW plans to offer higher-quality
GTWs for reuse in the future. The GTWs are sent to a concentration tank to reduce the
water content and are later placed into bags for transportation to a landfill. At this time, no
reuse market for these GTWs has been developed. Records indicated that they received
approximately 354,000 gallons of GTWs in 2019. A similar quantity of GTWs from the
sewer pipes, which are skimmed off at the primary clarification tanks, was recorded. The
annual landfill cost of GTW disposal at this location was in the range of USD 80,000 to
USD 160,000 [29].

2.2. Anaerobic Digestion

In this survey, 8 of 36 POTWs (16.34% by capacity) employed GTW anaerobic digestion.
Four POTWs are in the Mountain Region, three are in the Pacific Region, and one is in East
North Central Region. Most are located in areas where landfill costs are higher than in the
Midwest. GTWs have high organic contents that are desirable for methane production but
suffer from several challenges [32]. These challenges include variable GTW availability,
a high free fatty acid (FFA) content in the GTW, and contaminants in the biogas (such
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as hydrogen sulfide) [33–35]. Furthermore, the capital investment and complexity of
producing and utilizing methane from anaerobic digestion are also limiting factors [36].
With food waste digestion increasing in recent years, more investment may help overcome
the challenges. Two representative cases are described below.

The largest POTW in the State of California operates at 325 MGD and has more than
10,000 food services in its service area. However, the POTW does not accept GTWs from
grease haulers. The scum grease is mixed with activated sludge before being added to the
digester, which generates combined heat and electricity for the plant [37].

The wastewater authority in New Mexico pilot-tested a GTW receiving station for its
11 POTWs, which all currently have an operational digestion system [33]. Results suggested
that high concentrations of FFAs inhibited methane generation, and methane produced
from GTW contained corrosive and odorous hydrogen sulfide as a result [34,35].

2.3. Incineration

Our survey indicated that GTW incineration is practiced at seven POTWs (six were
onsite visits), which represents 15.32% of the capacity. Five of these POTWs are located in
the Northeast (New England and Middle Atlantic) region, with the remaining two in the
Midwest (East North Central and West North Central) region. Incinerators are effective
in volume reduction (>80%) but require additional fuels to start the process. GTWs are
incinerated together with biosolids and can be helpful to the combustion process because
of their higher heating values.

The GTWs are mainly from grease haulers without septage mix and are typically
further processed via settling, moisture removal (by gravity thickeners or centrifuges),
and heating prior to incineration. One of the top 1000 largest POTWs located in the
New England area, previously concentrated the GTW received and then sent it out for
incineration. Due to increased regulation on phosphate removal and the decommissioning
of the outside incinerator in 2023, they redirected the GTW to feed the microbes necessary
for phosphate removal. The composition of the GTW they received also changed over
time. They receive one truckload of glycerin-containing wastewater every day, while
receiving high amounts of trap grease every three months when restaurants clean their
kitchens of GTW [38]. Another POTW in the New England area outsourced its incineration
operations to a private company. This company sold the processed trap grease to the UK
for biodiesel production because of their convenient port location, but this transaction was
interrupted by the pandemic [38]. Most of the incinerators in the Northeast are close to
their commissioned age, or their permits are nearing their renewal dates, which offers a
timely opportunity for GTW reuse.

In recent years, a few POTWs have built or are planning to build grease-receiving
stations dedicated to collecting GTWs from grease haulers without septic waste mixing.
This could greatly improve the purity of GTWs and facilitate subsequent reuse. For example,
KYTW‘s grease-receiving station, as well as a station at the Northern Ohio POTW, have
both been deployed since 2015. This practice is also being considered by several POTWs
that have historically not accepted GTWs, such as the POTW in Illinois (one of the largest
in the US).

Due to safety reasons, the use of GTWs in human food for consumption is restricted
in many parts of the world. In China, the misuse of GTWs (referred to as ditch oil) as
counterfeit cooking oil is heavily prosecuted, and FSEs are under constant supervision as a
result [19,39]. The use of GTW as animal feed is largely discontinued in the US due to more
stringent regulations, particularly the Food Safety Modernization Act.

2.4. Limitations

Based on the USEPA’s Clean Watersheds Needs Survey 2012 data dashboard, there are
14,691 POTWs in the United States [25]. This paper included a survey of only 36 POTWs,
which seems small with limited geographical coverage of 15 states and the District of
Columbia. However, the four largest POTWs were covered in our survey, with nine being
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in the top 50, eighteen being in the top 100, and three POTWs being outside of the top
1000 of the EPA databases. This suggests that our survey included a diverse population of
POTWs at various capacity levels. Our data may be skewed toward larger POTWs, but
these locations might be more likely to adopt the GTW upcycle technologies.

3. GTWs as Potential Feedstocks for ADFs

In the US, the transportation sector is now the largest source of carbon emissions,
representing 37% of national greenhouse gas (GHG) emissions and surpassing the power
sector. Transportation has also become the highest GHG emission source in many urban
communities, which means that implementing better methods of decarbonization is critical.
Currently, the heavy-duty transportation sector has limited the decarbonization options
available. Biodiesel and renewable diesel can provide both a short-term and long-term
solution to this rising issue, and incorporating the combined use of these fuels has been
increasingly considered by stakeholders [40]. Currently, ADF only constitutes 10.5% of
diesel consumption in the US, and there is certainly room to grow.

3.1. Potential Use as Feedstock for Biodiesel

Making biodiesel from UCO or yellow grease is relatively straightforward, largely
due to its higher quality [41]. Many biodiesel producers, as well as several laboratories,
use a modern two-step process, which includes acid esterification followed by alkaline
transesterification [42].

There are many laboratory-scale studies focused on converting trap grease to
biodiesel [43–49]. It is also of better quality than the sewer grease described in Tu et al.
(2016) [17]. Trap grease lipids are extracted using chemical solvents (hexane, isopropyl
alcohol, etc.), either as a single solvent or a mixture. Lipids are then concentrated by
removing the solvents and made into biodiesel through a two-step process using homoge-
nous catalysts, which is standard practice in the biodiesel industry [50–52]. Heterogenous
catalysts have also been developed to convert GTWs to biodiesel, which mostly occurs
in laboratories [9]. In practice, solvent extraction has not been viewed as profitable by
the biodiesel industry, largely due to added cost and safety issues [53,54]. In addition,
these technologies compete with the biodiesel industry, as they also make biodiesel as the
final product.

Trap grease lipids can also be obtained via heating and filtration, which result in brown
grease. However, biodiesel produced from brown grease alone does not meet the 15 ppm
sulfur specification of ASTM 6751 and cannot be sold commercially [43,55,56]. The lower
market value of brown grease (compared to yellow grease) is another economic limitation
for commercialization.

Based on the techno-economic status of GTW reuse, a solvent-free lipid extraction
process was developed to develop an emulsified sewer grease into yellow grease, with the
sulfur content of the resultant biodiesel being within the ASTM 6751 requirement of 15 ppm.
The optimum operating conditions reported were 70 ◦C, 4–6 h, and a UCO-GTW (wt/wt)
ratio of 3.6:1 [17]. Another significant advantage of this technology is that it does not require
a separate moisture removal process, which can also effectively lower the production cost.
This process also increases product value by having yellow grease as the minimum-viable
product instead of brown grease and by avoiding competition with the biodiesel industry.
This solvent-free extraction technology is especially effective with emulsified sewer grease,
as the lipids cannot be obtained via direct heating. This technology also works with trap
grease, as indicated in another study [57].

3.2. Potential Use as Feedstock for Renewable Diesel

Although it emerged in the US 10 years later than biodiesel, renewable diesel consump-
tion increased rapidly and reached 2868 million gallons production in 2023, significantly
surpassing that of biodiesel, 1939 million gallons. The expansion of renewable diesel is
largely related to petroleum companies retrofitting their petroleum facilities for renewable
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diesel production [58]. By 2031, approximately one billion gallons per year of renewable
diesel could be needed in California alone [59].

Overall, 90% of all renewable diesel is produced in the US, and so is 87.6% of
biodiesel [60,61]. UCO/yellow grease constitutes about 29.1% of renewable diesel feedstock,
while the “other” category has increased to 8.5%, which GTWs can potentially become a
part of [21].

In recent years, the oil feedstocks used for biodiesel have increasingly been converted
into renewable diesel, which is mainly comprised of hydrocarbons that meet the specifica-
tions of diesel fuels. Oils and fats undergo either decarboxylation or hydrodeoxygenation
to create renewable diesel with hydrogen and catalysts, such as NiMO/
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Like biodiesel, the cost and quality of feedstock are also essential for renewable diesel
production. The sulfur issue relating to GTWs as a biodiesel feedstock seems to be less of
an issue for renewable diesel. However, impurities present in GTWs, such as Na, Ca, Mg,
and Fe, and non-metals, such as phosphorous and chlorine, may cause catalyst deactivation
during hydrodeoxygenation [65].

For either of these ADFs’ upcycling, co-location with POTWs may be desirable for
multiple reasons. Many POTWs in the US serve as aggregation facilities for GTW. Some
are interested in converting GTW to biofuels themselves, while the majority prefer a third
party to handle this issue. In both cases, co-location of the GTW lipid extraction process
with a POTW can be potentially advantageous. The practice of GTW lipid–solid separation
has the potential to produce two types of energy. The lipids can be upcycled as biofuel
feedstock, and wet solids can be used for methane production, while the rest can be
returned to wastewater treatment plants. Desirable POTWs for co-location include the
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following: large POTWs that receive large quantities of GTWs from their service areas
and facilities designated for GTW receiving and processing, even if their wastewater
processing capability might not be large. In Connecticut, GTWs from FSEs are sent to two
designated POTWs. Although these POTWs are not on the USEPA’s top 100 list, they can
be suitable locations for GTW reuse. A third type of co-location can be within large FSEs,
which generate significant quantities of GTWs. Onsite GTW upcycling can reduce GTW
generation and produce alternative energy. This will also reduce their landfill costs and
avoid fines due to excess GTW discharge.

3.3. Repositioning GTW in the Food–Energy–Water Cycles

Currently, GTWs are largely taken out of the FEW cycles as waste, which is neither sus-
tainable nor cost-effective when considering their negative environmental impacts. Proper
management and technological innovation are both essential for positively repositioning
GTWs in urban FEW cycles, as shown in Figure 5.
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The lipids in GTWs can be converted to ADF, and the wet solids can be digested or
used as bio-methane, meaning both can replace fossil fuel energy. This is consistent with
a study indicating that the dual fuel approach of using lipids as biodiesel and leftover
solids for methane production better reduces energy consumption and GHG emissions [66].
Byproducts from digestors can be used as fertilizers (e.g., to support urban farming).

4. GTW Inventory and Properties as Alternative Diesel Fuels (ADFs)
4.1. A Brief Inventory of GTW and UCO in the US

In order to better manage GTWs, it is essential to obtain location-specific GTW gen-
eration rates. However, data from private companies (grease haulers) are considered
proprietary, and data from POTWs are also usually not available to the public. Based on
a study of 30+ metropolitan areas in the US in 1998, the average trap grease generation
per area was about 6.06 kg/yr (13.37 lbs/yr) and 1.81 billion kilograms annually [67]. This
rate is still used by many metropolitan areas to estimate FOG generation due to the lack of
data. However, a few regional studies reported much smaller FOG inventories compared
to the national average. A GTW generation rate of 2.85 kg/person/yr was reported for
Wake County, North Carolina [68]. A rate of 0.77 kg/person/yr was reported for Columbia,
South Carolina [69]. A rate of 3.75 kg/person/yr was reported for the Cincinnati, Ohio,
area [68]. In the UK, a 0.8 kg/yr per capita GTW generation was reported [70].
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4.2. GTW Properties Relevant to Upcycle as ADF Feedstocks

‘Raw’ grease trap waste is usually a mixture of lipids, water, and solids and contains
a 2–10% lipid content. The GTWs are usually further concentrated in POTWs to reduce
the volume of water before disposal. Samples from two POTWs were analyzed to better
understand the properties related to upcycling as ADFs.

The first sample is sewer grease (SG) collected from OHTW, which is scum grease
collected from the primary settling tank after being placed in large canvas bags and dried
for approximately 8 h. The second sample is trap grease (TG) collected from a POTW in
Northern Kentucky (KYTW). The SG underwent solvent extraction for the lipid content,
was filtered to determine solid content, and was dried to reduce moisture. Heating and
filtration were used to determine the lipid content of TP [57].

GTW compositions are shown in Table 1, which varies over time due to different
food-processing operations. The moisture of SG was significantly reduced from 58% to
below 40% due to the change in SG drying [17]. Since the summer of 2016, the measured
properties have tended to be relatively stable over the seasons and years. The higher lipid
contents of both samples during the winter are likely related to increased cooking during
the November/December holiday season. Due to the high temperature and hydrolysis,
the lipids in GTWs tend to be mainly in the form of FFA instead of triglycerides. The FFA
content varies significantly among different GTWs.

Table 1. Compositions of sewer grease (SG) and trap grease (TG) wastes (GTWs) over time.

Time Period Moisture, wt% Lipid Content, wt% Solids, wt%

Sewer Grease

Prior to 2016 58.9 22.9 18.2
Summer 2016 37.81 30.50 31.69
Winter 2017 39.62 29.8 30.58

Fall 2019 39.60 30.85 29.55
Winter 2020 33.51 32.22 34.27

Trap Grease
Winter 2017 53.81 23.35 22.34

Fall 2019 51.04 32.00 18.69
Winter 2020 42.66 49.01 8.33

The high heating value (HHV) of the two samples was in the range of 29.3–34.0 MJ/kg,
which is at the lower range of 32.9–39.4 MJ/kg reported [9]. These values are comparable
to those of coal, being that anthracite is 30.08 MJ/kg, and bituminous coal is between 18.8
and 29.3 MJ/kg. However, the values were lower than those of virgin oils at 39 MJ/kg.
The LHV of the two samples was 18.3–23.7 MJ/kg, slightly lower than the 24.5–41.6 MJ/kg
reported from the UK [70].

The carbon-to-nitrogen ratios (C/N) were derived from elemental analysis performed
by a commercial laboratory (OKI Laboratory, Cincinnati, Ohio) to evaluate the reuse poten-
tial of the solids. The desired C/N ratio for anaerobic digestion ranges from approximately
20:1 to 30:1 [71,72]. Both the raw GTW and the wet solids are largely within that range
(Table 2), indicating that the remaining solids after lipid extraction are also suitable for
anaerobic digestion. Digesting GTW with the lipids removed can be more advantageous,
as this can overcome FFA inhibition [66,73].

The metal contents of two grease samples were measured to evaluate their feasibility
as feedstocks for renewable diesel. The grease samples were digested, and the metal content
was analyzed with flame atomic absorption spectroscopy, as shown in Table 3. This analysis
was performed using a PerkinElmer PinAAcle 500 Spectrometer. The much higher calcium
content of the sewer grease is likely due to calcium soap formation in the pipes [74], while
the iron and copper levels of the trap grease were much higher. Another study reported Ca
ranges from 0.2 to 4.2 wt%, Fe from 0.01 to 4%, and Na around 0.004% [9]. More information
on the components affecting catalyst deactivation and more measurements of GTW’s metal
contents are needed to incorporate GTWs as renewable diesel feedstocks.
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Table 2. Elemental analysis of sewer grease (SG), trap grease (TG), and wet solids (wt%).

wt% C H O N C/N Ratio

Sewer Grease—Summer 2016
SG 69.32 10.95 19.35 3.28 24.66

Solids 69.25 10.02 18.64 3.02 26.75

Sewer Grease—Winter 2017
SG 67.83 9.74 19.63 2.65 29.86

Solids 68.19 10.38 20.88 2.41 33.01

Trap Grease—Winter 2017 TG 69.17 10.12 17.23 3.15 25.62
Solids 70.36 10.53 16.32 2.79 29.42

Table 3. Metal concentrations (µg/g) of select grease trap wastes (GTWs).

Na Ca Mg Fe Cu

Sewer Grease 371.15 6867.28 141.50 513.35 124.02

Trap Grease 408.91 1420.33 254.96 531.78 15.95

4.3. UCO/Yellow Grease Inventory

As part of the FOG, UCO is oftentimes generated together with GTWs. Also, UCO
management tends to be closely related to that of GTW.

Preliminary research on UCO collectors around the United States was conducted. Out
of the 42 UCO-collecting companies surveyed, 24 (57.1%) of them also provide grease trap
cleaning services, indicating they may also be grease haulers. Four of these are also fresh
cooking oil providers who offer a turnkey process to take back used oil. Only seven UCO
collectors have nationwide operations, which is about 16.7%. This is consistent with GTW
haulers, as many are small in scale, usually operating either locally or regionally.

In the US, the UCO collection in 2022 was approximately 0.85 billion gallons, with
a global supply of 3.7 billion gallons. The average UCO generation in the US is about
2.5 gallons per person in 2022 and is expected to reach nearly 3.2 gallons per capita in
2030, with 1.1 billion gallons in supply. The fastest-growing markets are in Asia and Latin
America, likely due to the high development rates [75].

Overall, 80% of UCO already goes toward the biofuels sector, and the price of UCO
has experienced an upward trend over the years. With the need to reduce carbon footprints,
low-carbon-intensity UCO is in higher demand in the US, especially where the LCFS is
implemented. The cost of UCO depends on whether or not it can be sold as yellow grease
or brown grease. Yellow grease contains less than 15% of FFA and less than 2% of moisture,
while the FFA content of brown grease is usually greater than 15%. GTWs can be processed
into brown grease, while most UCOs are likely sold as yellow grease with a much higher
market value [17].

Actual UCO prices can be very different from what is reported. For example, al-
though the reported UCO price is between USD 0.29 and USD 0.30/lb in California, prices
of USD 0.45–USD 0.51/lb are still in effect in some New England areas [76,77]. Brown
grease was only worth USD 0.05/lb in 2016, while yellow grease was USD 0.21/lb. The
market value of brown grease remained at USD 0.05/lb and was increasing slightly to
USD 0.10–USD 0.30/lb until recently [77].

5. Conclusions

This paper provided firsthand information on current GTW management at POTWs
around the US through interview-based data collection. The survey indicated a geographi-
cal variation in GTW reuse and treatment. Landfill disposal is mostly used in the Midwest
region of the US. Incineration is mainly practiced in the Northeast and Mid-Atlantic regions,
while anaerobic digestion is mainly used in the West to produce methane and fertilizers
for land application. As for GTW disposal practices, both GTW incineration and landfill
disposal take away potential resources from the FEW cycles and should be aimed toward
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recovering useful portions. In addition to energy recovery and carbon footprint reduction,
landfill diversion can also save tipping fees and land space.

GTW management presents a global challenge. Various technologies have been
developed to convert GTWs into alternative diesel fuels, i.e., biodiesel and renewable
diesel. More research has been conducted on converting GTW to biodiesel rather than
renewable diesel. The challenge of upcycling GTW as biodiesel feedstock is the sulfur
content. The resultant biodiesel must meet the <15 ppm sulfur requirement of the ASTM D
6751 biodiesel standard. The challenge of upcycling GTW as a renewable diesel feedstock is
to reduce select heavy metals, which may negatively affect the hydrodeoxygenation process.
GTW lipid extraction technologies should overcome these limitations while striving for
a minimum-viable product with higher market values. The incorporation of GTW as
feedstocks of alternative diesel fuels will be beneficial to municipalities in terms of waste
minimization and carbon footprint reduction.

6. Future Directions

For the large-scale adoption of these GTW upcycle technologies, it is essential to com-
prehensively evaluate the processes in detail through systematic approaches, such as life
cycle analysis and technical, economic analysis [78], which were not discussed in this paper.
GTW quantities may be limited to the boundaries of municipalities, and the management
practices are highly dependent on regulations, policy incentives of the communities, as
well as public awareness. These factors should also be taken into considerations in order to
better upcycle grease trap waste as value added products.
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