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Abstract

Demand for biofuels is rapidly growing worldwide as petroleum based fuels are finite reserves. In this context,
biodiesel and bioethanol are popular biofuels that are commercially available in various countries. Biofuels can be
prepared from edible biomass. However, this is already generating food versus fuel debate among the members of
civil societies. Therefore, there are needs to synthesize biofuels from nonedible waste materials. Food wastes can be
utilized as resources for the production of biodiesel and bioethanol since they contain significant amount of lipids
and carbohydrates. In future, industrial production of biodiesel and bioethanol from food waste can contribute to
resolve the waste disposal, energy scarcity and energy security problems.
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Introduction

Food waste is creating serious environmental and social
problems in Hong Kong and across the world. According
to a recent report released by the Hong Kong Environment
Bureau, among the 9,000 tonnes of municipal solid waste
that is thrown away everyday at landfills, 40% of which is
composed of “putrescibles” [1]. These putrescibles are or-
ganic wastes that are known to create odour upon decom-
position. Approximately, 90% of putrescibles are food
wastes. Food waste can be raw, cooked, edible and inedible
parts generated during production, storage distribution,
and consumption of food stuffs. In 2011, Hong Kongers
threw away approximately 3,600 tonnes of food waste
everyday [1,2]. Two third of the food waste was obtained
from household; whereas, one third of food waste came
from commercial and industrial sources. Hong Kong is not
the only country generating large quantities of food waste.
For instance, other developed cities like Taipei and Seoul
are producing 182,000 tonnes/per year and 767,000
tonnes/per year of food wastes respectively [1,2].

The food wastes produced in Hong Kong includes rot-
ten fruits, vegetables, fish, poultry organs, fruits and vege-
table peelings, meat, fish, shellfish shells, bones, food fats,
sauces, condiments, soup pulp, Chinease medicinal pulp,
egg shells, cheeses, ice cream, yogurts, tea leaves, teabags,
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coffee grounds, breads, cakes, biscuits, desserts, jam, dif-
ferent cereals, leftover of cooked food, BBQ raw or cooked
leftovers, and pet food [1]. The Hong Kong Government
plans to cut down the food waste that goes to landfill to
approximately 40% by 2022. Landfills are the most com-
mon place for garbage deposition. Landfills spread offen-
sive smell and are known to cause hazardous effects on
people, animals, and the environment. Landfills are unsus-
tainable as they produce methane which is a common
green house gas. Furthermore, landfills also generate large
amount of harmful leachate when rainwater falls on the
garbage. This leachate can contaminate water and soil.
Nevertheless, anaerobic digestion of food wastes that oc-
curs naturally in the absence of oxygen employing bacteria
can be used to produce biogas. Biogas is used as an energy
source. Alternatively, food wastes can be valorized for the
production of energy by using different common tech-
niques such as composting, recycling and incineration.
Although, these processes are capable of converting food
waste into fuels and value-added products development of
greener and advanced technologies are required [3].
Biofuel production is rapidly growing as the world en-
counters pollution problems due to burning of petroleum
and coal based fuels. In addition, petroleum fuels are finite
reserves and most of the petroleum reserves are geograph-
ically located in politically unstable countries. This rein-
forces the fact that alternative fuels are important from
both environmental and energy security point of view.
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Along this line, many countries are formulating energy pol-
icies for the production of renewable energy.

At present, biofuels such as biodiesel and bioethanol
are largely produced from edible food materials [4]. Vari-
ous edible plant oils from soybean, rapeseed and canola
oils are used for the preparation of biodiesel. Whereas,
ethanol can be produced from a variety of feedstocks
such as sugar cane, bagasse, sugar beet, grain, switch-
grass, barley, potatoes, molasses, corn, stover, wheat and
many other sources rich in carbohydrate [4,5]. Chemical
biodiesel production process is called transesterification
[4,5]. During transesterification, the tri-,di-and mono-
glycerides react with methanol in the presence of a catalyst
to produce biodiesel. On the other hand, the production
of bioethanol process involves pretreatment, enzymatic
hydrolysis, fermentation and distillation steps. Preparation
of biofuels from edible food materials is attributed for
the reason of food scarcity and a food vs fuel debate is
already raging [6]. Alternatively, nonedible feedstocks can
be used for the production of biofuels. Jatropha, Pongamia
and other nonedible plant oils are already used for the
preparation of biodiesel [5]. Along this line, nonedible lig-
nocellulosic biomass is also employed for the production
of bioethanol [7].

Food waste is a well-known nonedible source of lipids,
carbohydrates, amino acids and phosphates [8,9]. Reser-
ach in our laboratory reveals that bakery and mixed food
wastes contain significant amount of lipids and carbohy-
drates [8,9]. Depending on the source of food waste the
average lipid content was around 30% and the average
carbohydrate content was around 50% [8,9]. Different
types of food wastes can be hydrolysed enzymatically to
produce food hydrolysate and lipids [8,9]. The food hy-
drolysate was rich in carbohydrate and can be used for
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the production of bioethanol; whereas, the obtained lipid
can be converted to biodiesel (Figure 1).

Along this line, noodle is a common starch based food
material. In South Korea around 3 billion packages of in-
stant noodle were consumed in 2011 and more than
2,100 tons of instant noodle residues were disposed as
waste. Kim et al. have used instant noodle waste for the
production of biofuels [10,11]. Kim et al. recovered the
oil from noodle waste by extraction using nonpolar hex-
ane as a solvent. From 100 g of noodle waste 83 g of
purified starch and 5 g of oil was obtained. The obtained
oil free starch residue was used for simultaneous sacchari-
fication and fermentation process for the production of
bioethanol [10,11]. The hexane extract was evaporated
and the obtained oil was reacted with methanol in the
presence of acid and alkali catalysts for the preparation of
biodiesel. One major limitation of this process is that the
excess use of hexane during the extraction of oil from food
waste [10,11]. The Centers for Disease Control classifies
n-hexane as a neurotoxin. It is also listed as a “hazardous
air pollutant” by the Environmental Protection Agency as
it helps in the formation of ozone at the ground level
which is primarily responsible for smog. Nevertheless,
these experiments demonstrate the potential utilization of
waste noodle waste as a resource for biofuel production.

Research on the use of food wastes for the production
of biofuel is becoming attractive in different countries.
Sulaiman et al. have conceptualized a halal biorefinery
for the production of fuels and value added products in
Malaysia [12]. Yao et al. from the Chinese Academy of
Sciences investigated the application of food waste to
generate hydrolysates for the production of bioethanol
[13]. In this context, potato peel is a well-known waste
generated by the potato industries in Europe [14]. As

Food waste

Figure 1 Recycling of food waste into biodiesel and bioethanol.
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reported by Christakopoulos.et al. this “no value” potato
peel waste was converted to bioethanol using environ-
mentally benign biocatalytic methods [13]. Researchers
have also used household food waste for the production
of bioethanol. During this process liquefaction and sac-
charification methods were employed to increase both
ethanol production and productivity of the process [15].
Subsequently, fermentation of the remaining solids ob-
tained from this process was performed to increase the
overall yield of ethanol [15].

It is clear from the above discussion that environmental
pollution and upcoming shortage of fossil fuels have turned
the attention of researchers largely on the utilization of
renewable feedstocks. Additionally, scientists and policy
makers are devoting much efforts to use nonedible and
zero cost food wastes for fuel and energy production to re-
duce the direct competition between fuel and food. It is
known that food wastes are generated in large quantities
and their handling is a challenge. As discussed earlier, these
food wastes are potential resources as they contain sub-
stantial amount of carbohydrates and lipids. Thus, zero
value food waste can be used as a resource for the produc-
tion of low-cost biofuels. Research by various groups is
currently underway for the production of biodiesel and
bioethanol from food waste [16-22]. So far, the “proof of
concept” for the synthesis and characterization of biofuels
from different food wastes has been established [16-22].

Currently, technologies are available for the production
of biodiesel and bioethanol in industrial scale. In this re-
gard, a pilot scale production of ethanol from food waste
using Saccharomyces cerevisiae H058 is already reported
[22]. Nevertheless, low cost, greener and advanced tech-
nologies are needed for the production of fuels from food
wastes [3,23]. The industrial production of biofuel from
food waste is largely depended on i) availability of food
waste, ii) efficiency of hydrolyis process, iii) the amount of
lipid and carbohydrate obtained from food waste, and iv)
efficiency of fermentation and transesterification methods.
In Hong Kong, Taiwan, Korea, US and in many other Euro-
pean countries plenty of food wastes are available. Thus, the
future work should be primarily focused on large scale pre-
treatment and hydrolysis of food waste for production of
lipid and sugar enriched hydrolysate. Several microorgan-
isms and enzymes are known to hydrolyze food waste to
carbohydrate, lipid, amino acids and phosphates. The cata-
lytic efficiencies of the existing biocatalysts can be tested for
the large scale hydrolysis of food wastes. Afterwards, the
commercially available technologies can be employed for
the production of biodiesel and bioethanol.

To make biofuels economically viable, the business and
scientific communities and policy makers should come to-
gether to start a joint venture into the business of convert-
ing food waste into fuels. With proper financial and policy
based supports from government, food waste biorefineries

Page 3 of 4

can be realized. In this context, it is particularly important
to overcome the existing technological challenges of
conventional food waste valorization methods. Simultan-
eously, it is crucial to develop environmental friendly and
cost effective recycling methods that can convert food
wastes into biofuels and chemicals [24-26]. Recently,
combi-protein coated microcrystals of lipases are used
for the production of biodiesel from oil of spent coffee
grounds [27]. In this regard, both chemo- and biocatalytic
methods can be explored for the preparation of biofuels
from food waste [27-31].

Conclusions

Since food waste is considered zero cost material it is
possible to develop cost-effective commercial methods for
the production of biofuel using lipid and carbohydrate
generated from food waste. Research on the conversion of
food waste into biofuel will provide an innovative food
valorisation strategy; which could contribute substantially
to bio-based economy. The future goal of this research
should focus on investigation of the feasibility of utilizing
food waste into biofuel through simple and clean methods.
Utilisation of lipid and carbohydrates obtained from food
waste for biofuel production is an excellent example to
demonstrate the enormous potential of waste valorisation
for building a sustainable society.
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