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h i g h l i g h t s

� Different types of wastes used for VFA production are reviewed.
� Important factors influencing VFA production performances are detailed.
� Various applications of waste-derived VFA are examined.
� Effects of VFA chain-length on the performances of the applications are elucidated.
� Future research needs of microbial VFA production are proposed.
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a b s t r a c t

Low cost production of volatile fatty acids (VFA) from waste by acidogenic fermentation has drawn
extensive research interests as VFA is a critical substrate for microorganisms involved in the production
of biodegradable plastics and bioenergy, as well as those in biological nutrient removal processes. This
article reviews the various wastes amenable to VFA production, the pertinent factors influencing the
VFA production, and the various applications of the resulting VFA. In addition to the usual need for rea-
sonably high concentration, a key feature for many applications is the distribution of the chain length of
the VFA. Means to regulate these performance indicators are surveyed and discussed in detail.
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1. Introduction

The rapid growth of human population and the global economy
has led to massive waste generation. Proper waste management is
crucial to minimize further environmental degradation and to fos-
ter the transition to a sustainable society. The conventional waste
management approach is treatment-oriented, which mainly fo-
cuses on meeting environmental regulations. This approach ne-
glects the potential of diverting the waste as feedstock for the
production of value-added chemicals, as such also reducing the
quantities of waste. Therefore, a more enlightened waste manage-
ment approach is resource recovery, which allows simultaneous
minimization of waste and generation of value-added products.
Among the various possibilities of the latter, the focus of this re-
view is the production of volatile fatty acids (VFA) from various or-
ganic wastes.

VFA are short-chain fatty acids consisting of six or fewer carbon
atoms which can be distilled at atmospheric pressure [1]. These
acids have a wide range of applications such as in the production
of bioplastics [2], bioenergy [3,4] and the biological removal of
nutrient from wastewater [5]. At present, commercial production
of VFA is mostly accomplished by chemical routes [6]. However,
the use of non-renewable petrochemicals as the raw materials
and the increasing price of oil have renewed the interest in biolog-
ical routes of VFA production [7]. In biological VFA production,
pure sugars such as glucose and sucrose have been commonly em-
ployed as the main carbon source [8,9], which raises the ethical
concern on the use of food to produce chemicals. This issue can
be resolved by utilizing organic-rich wastes such as sludge gener-
ated from wastewater treatment plant, food waste, organic fraction

of municipal solid waste and industrial wastewater for VFA pro-
duction. Such transformation of waste into VFA also provides an
alternative route to reduce the ever increasing amount of waste
generated.

In general, the production of VFA from waste is an anaerobic
process involving hydrolysis and acidogenesis (the latter is also
known as acidogenic fermentation [10] or dark fermentation
[11]), as illustrated in Fig. 1. In hydrolysis, complex organic poly-
mers in waste are broken down into simpler organic monomers
by the enzymes excreted from the hydrolytic microorganisms.
Subsequently, acidogens ferment these monomers into mainly

Hydrolysis

Complex polymers in waste
(Polysaccharides, proteins and lipids)

Simpler monomers
(Monosaccharides, amino acids and long chain fatty acids)

Volatile fatty acids
(e.g. acetic, propionic, butyric acids)

Acidogenesis/
acidogenic fermentation/
dark fermentation

Fig. 1. Production of volatile fatty acids from waste (adapted from [12,152]).

Applications

- Polyhydroxyalkanoates
- Electricity
- Biogas 
- Hydrogen
- Lipids for biodiesel
- Biological nutrient removal

Volatile fatty acids (VFA)

Operating conditions for VFA 
production

- pH
- Temperature
- Hydraulic retention time
- Solids retention time
- Organic loading rate
- Additives

Types of organic-rich wastes

Pretreatment of waste

Anaerobic technologies for VFA production

Fig. 2. Outline of the review article: production of waste-derived volatile fatty acids
and their applications.
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