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9 Role of Glycerol in 
Biofuel Production

Mohd Azhar, Moonisah Aftab, Mohd Arsh Khan, 
Naseem Ahmad, Qazi Inamur Rahman, and Nafees Ahmad

9.1 INTRODUCTION

Amid growing environmental concerns and declining fossil fuel reserves, the demand for 
 sustainable and cleaner energy sources is more required of hour than ever before. Biofuels derived 
from renewable biological sources, such as plant oils, animal fats, and waste cooking oils, have 
emerged now as promising alternatives. Among all, biodiesel stands out due to its compatibility 
with existing diesel engines and potential to signi[cantly reduce emission of greenhouse gases. 
Reported studies have shown biodiesel feedstocks and production pathways could reduce emis-
sions up to 90% compared to petroleum diesel (Farouk et al. 2024; Leung et al., 2010). Biodiesel 
is typically produced through transesteri[cation, a chemical reaction in which triglycerides from 
oils or fats react with an alcohol (methanol) in the presence of a catalyst, sodium or potassium 
hydroxide. This reaction yields two main products: biodiesel (a mixture of fatty acid esters) and 
glycerol (Figure 9.1). On average, for every 10 kg of biodiesel produced, about 1 kg of glycerol is 
generated as a byproduct (Yang et al., 2012; Kumar et al., 2019). The global scale-up of biodiesel 
production has led to a signi[cant increase in raw glycerol output; estimated million tons of raw 
glycerol are produced annually, exceeding the capacity of traditional markets to absorb it easily; 
as a result, glycerol prices dropped sharply in some regions from around $0.70 per pound in the 
early 2000s (Costa et al., 2022).

Raw glycerol is not simply a diluted form of pure glycerol; rather, it is a complex mixture of 
methanol, catalysts, salts, water, soaps, and unreacted triglycerides. These impurities can make up 
more than 50% of its composition, depending on the production process (Kumar et al., 2019). As a 
result, raw glycerol is unsuitable for direct use in industries that require high-purity glycerol, such as 
pharmaceuticals, cosmetics, and food. Although puri[cation techniques—such as distillation, neu-
tralization, and membrane [ltration—are available, they are often costly and technically demand-
ing, particularly for small-scale producers (Fairooz et al., 2010; Muniru et al., 2019).

Instead of viewing raw glycerol as waste, there is a growing interest in converting it into a 
 valuable co-product—a process known as glycerol valorization (Figure 9.2). This concept aligns 
with the broader vision of integrated biore[neries, where every component of biomass is utilized 
to produce energy, fuels, or chemicals, thereby reducing waste and improving the overall econom-
ics of biofuel production (Costa et al., 2022). Economically, integrating glycerol valorization into 
biodiesel plants can signi[cantly enhance pro[tability. Studies suggest that the revenue generated 
from upgraded glycerol products precisely offsets production costs and reduces the environmen-
tal impact associated with glycerol disposal (Posda et al., 2013). The growing volume of glycerol 
byproducts presents both a challenge and an opportunity, with global production expected to exceed 
60  billion liters by 2025. This chapter explores the various pathways through which raw glycerol can 
be re[ned or converted, examining their technical feasibility, economic viability, and potential role 
in shaping a more circular and sustainable biofuel industry.
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152 Lower and Higher Plants for Biofuel Production

Additionally, regulatory alignment and clear environmental assessment protocols are needed 
to ensure glycerol-derived products meet safety and performance standards. Mechanisms such as 
carbon pricing and green procurement policies can help create market demand for glycerol-based 
fuels and chemicals.

9.7 CONCLUSION AND CHALLENGES

The growing demand for renewable energy has driven the biodiesel industry and increased  interest in 
glycerol—a once-discarded byproduct now valued for its role in the bioeconomy. Glycerol’s unique 
properties and abundance have made it essential in linking biodiesel production with byproduct val-
orization. While impurities pose challenges, advanced puri[cation and processing methods enable 
their conversion into valuable chemicals, fuels, and additives that improve engine performance and 
reduce emissions.

Economically and environmentally, glycerol valorization supports biodiesel viability by lowering 
costs and emissions, [tting well within circular bioeconomy goals. Future progress relies on innovations 
in catalysis, synthetic biology, and supportive policies to expand applications and markets. Ultimately, 
glycerol is poised to evolve from waste to a key driver of a sustainable and resilient bioeconomy.

9.7.1 KEY CHALLENGES

 I. Raw Glycerol Impurities: Raw glycerol from biodiesel processes often contains  methanol, 
salts, soap and water, which directly prevents the application. The puri[cation processes 
are energy intensive and increase the total costs.

 II. The Market Saturation and Value Instability: Glycerol oversight suppresses the market 
value from biodiesel production. Without scalable alcoholism routes, manufacturers face 
[nancial losses from storage or disposal.

 III. Technical Limitations and Scalability: Many well-organized methods are still in the 
laboratory or pilot stage with challenges in scaling while maintaining ef[ciency, safety and 
pro[tability.

 IV. Catalyst Costs and Durability: Skilled glycerol conversion often requires expensive or 
short-term catalysts (e.g., platinum, nickel-based), which can increase the process costs 
and the environmental impact.

 V. Regulatory and Certi*cation Barriers: New glycerol-rich fuel and chemicals must 
undergo extensive testing and approval in order to meet safety and environmental regula-
tions, which can delay the entry into the market.

 VI. Separation and Mixture of Stability Problems: Some glycerol-based additives show 
poor errors with traditional fuel, causing technical challenges in fuel combination and 
long-term storage.

 VII. Lack of Delivery Infrastructure: Unlike fossil fuels, glycerol-based fuel components 
may lack the infrastructure established for mass distribution and usage in current engines 
or industrial processes.
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