
38

 International Journal of Pharmacy and Pharmaceutical Science 
www.pharmacyjournal.org 

Online ISSN: 2664-7230; Print ISSN: 2664-7222; Impact Factor: RJIF 5.44 

Received: 12-09-2019; Accepted: 18-10-2019; Published: 28-10-2019
Volume 1; Issue 2; 2019; Page No. 38-39 

Green chemistry approaches in pharmaceutical manufacturing 

Mark Steve Idris 

Sefako Makgatho Health Sciences University, South Africa 

DOI: https://doi.org/10.33545/26647222.2019.v1.i2a.100 

Abstract 

Green chemistry is an innovative approach aimed at designing chemical products and processes that reduce or eliminate the 

use and generation of hazardous substances. In pharmaceutical manufacturing, green chemistry offers significant potential for 

reducing environmental impact, improving process efficiency, and enhancing sustainability. This paper explores various green 

chemistry strategies in the pharmaceutical industry, including solvent use, atom economy, catalysis, and continuous 

processing. Case studies of sitagliptin and ibuprofen synthesis demonstrate the practical benefits of green chemistry. Despite 

adoption barriers, ongoing advancements and a commitment to education and innovation are critical for realizing a sustainable 

future in pharmaceutical manufacturing.
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Introduction 

The pharmaceutical industry is a major contributor to 

environmental pollution due to its extensive use of 

hazardous chemicals and solvents. Traditional 

manufacturing processes often generate significant waste, 

posing risks to human health and the environment. Green 

chemistry, defined by its focus on designing safer chemical 

processes and products, offers a sustainable alternative. This 

paper aims to examine the application of green chemistry 

principles in pharmaceutical manufacturing, highlighting 

key strategies and their implications for creating a more 

sustainable industry. 

Main Objective 

The main objective of this research is to explore and 

evaluate various green chemistry approaches that can be 

implemented in pharmaceutical manufacturing to reduce 

environmental impact, enhance process efficiency, and 

promote sustainability. 

Review of Literature 

Early literature emphasized the shift from fossil-based 

feedstocks to renewable ones. Sheldon et al. (2000) [5] 

discussed the potential of biomass as a renewable resource 

for chemical production, highlighting its role in reducing the 

carbon footprint of pharmaceutical manufacturing. The 

concept of atom economy, introduced by Constable D 

(2007) [1], underscores the importance of designing reactions 

that maximize the incorporation of all materials into the 

final product. This principle has been widely adopted in 

pharmaceutical research. Dunn P et al. (2012) [2] reviewed 

various strategies for process intensification, such as using 

microreactors and continuous flow chemistry, which have 

been shown to reduce waste and improve process efficiency. 

Advances in energy-efficient technologies have been well-

documented. Microwave-assisted synthesis, as reviewed by 

Ley S, (2012) [4], provides a method to significantly reduce 

reaction times and energy consumption. Continuous flow 

chemistry, detailed in the works of Veleva V, et al. (2018) 
[2], offers another approach, enabling reactions to proceed 

more efficiently and safely compared to traditional batch 

processes. 

The replacement of hazardous solvents with greener 

alternatives is a recurring theme in the literature. Sheldon 

RA, (2012) [5] provided foundational principles for solvent 

selection, advocating for the use of water, supercritical CO₂, 

and ionic liquids. More recent studies by Anastas P, et al. 

(2010) [6] explore the development and application of 

switchable solvents, which can change their properties in 

response to external stimuli, further reducing environmental 

impact. Catalysis, particularly asymmetric catalysis, is 

critical in green pharmaceutical synthesis. The Nobel Prize-

winning work of Knowles, on chiral catalysts has paved the 

way for more efficient and selective production of 

pharmaceuticals. Green reagents and alternative reaction 

media have been extensively studied. Kerton F, et al. (2015) 
[7] review the use of aqueous micellar catalysis to perform 

organic reactions in water, significantly reducing the need 

for organic solvents. The use of ionic liquids and deep 

eutectic solvents, as discussed by Zhang et al. (2018), offers 

another promising avenue for minimizing hazardous 

chemical use. The use of renewable energy in 

pharmaceutical manufacturing is a growing field. Studies by 

investigate the potential of integrating solar and wind power 

into chemical processes, demonstrating significant 

reductions in carbon emissions. The implementation of 

energy recovery systems within manufacturing processes is 

also discussed, highlighting opportunities for further 

efficiency gains. The application of Process Analytical 

Technology (PAT) is well-documented in the literature. 

Rantanen and Khinast (2015) provide a comprehensive 

review of PAT tools and their application in real-time 

monitoring and control of pharmaceutical manufacturing 

processes.  

Green Chemistry Approaches in Pharmaceutical 

Manufacturing 

Green chemistry in pharmaceutical manufacturing is a 

transformative approach focused on designing products and 

processes that minimize environmental impact and enhance 
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sustainability. One fundamental aspect is the use of 

renewable feedstocks. By utilizing biomass or other 

renewable resources instead of fossil fuels, the industry can 

significantly reduce its reliance on non-renewable sources. 

Additionally, biocatalysis, which employs enzymes or 

microorganisms to catalyze reactions, helps to reduce the 

need for harsh chemicals and energy-intensive processes. 

Waste minimization is another crucial component. The 

concept of atom economy emphasizes designing chemical 

reactions that maximize the incorporation of all materials 

used in the process into the final product, thereby reducing 

waste. Process intensification further aids this by developing 

methods that cut down the number of steps and the amount 

of waste produced. 

Energy efficiency is vital in green chemistry. Technologies 

like microwave and ultrasonic irradiation can significantly 

reduce reaction times and energy consumption. Continuous 

flow chemistry enhances the efficiency and safety of 

chemical reactions by conducting them in a continuous 

mode rather than in batches, leading to reduced energy use 

and waste. 

Safer solvents and reaction conditions play a critical role. 

Replacing hazardous solvents with safer, biodegradable 

alternatives such as water, supercritical CO₂, or ionic liquids 

is a key strategy. Additionally, designing reactions that can 

occur at room temperature reduces energy consumption and 

enhances safety. 

Catalysis is also essential for green chemistry. Both 

homogeneous and heterogeneous catalysis can lower the 

activation energy of reactions, increasing efficiency and 

selectivity while reducing waste. Asymmetric catalysis, 

which achieves higher selectivity for desired enantiomers, is 

particularly important in pharmaceutical synthesis. 

Reducing the use of hazardous chemicals is another focus 

area. Using green reagents that are less toxic and more 

environmentally friendly helps to create safer manufacturing 

processes. Employing alternative reaction media such as 

ionic liquids or supercritical fluids further reduces the 

environmental impact. 

The integration of renewable energy sources into 

manufacturing processes helps to reduce the carbon 

footprint of pharmaceutical production. Solar and wind 

power can be used to power manufacturing facilities, and 

energy recovery systems can be implemented to recover and 

reuse energy within the manufacturing process. 

In-process monitoring and control are crucial for optimizing 

green chemistry practices. Process Analytical Technology 

(PAT) enables real-time monitoring and control of 

manufacturing processes to ensure optimal conditions and 

minimize waste. Advanced analytics, including machine 

learning and AI, can be used for predictive maintenance and 

process optimization, leading to more efficient and 

sustainable manufacturing processes. 

Several case studies illustrate the successful application of 

green chemistry principles in pharmaceutical 

manufacturing. Pfizer redesigned the synthesis of sildenafil 

citrate (Viagra®) to reduce waste and improve yield, 

implementing green chemistry principles. Merck optimized 

the synthesis of sitagliptin (Januvia®) using an asymmetric 

hydrogenation step catalyzed by a biocatalyst, significantly 

reducing waste and energy use. GlaxoSmithKline developed 

an enzymatic process for the synthesis of amoxicillin, 

reducing the use of solvents and hazardous chemicals. 

In conclusion, green chemistry approaches in 

pharmaceutical manufacturing aim to create more 

sustainable and efficient processes. By focusing on 

renewable feedstocks, waste minimization, energy 

efficiency, safer solvents, catalysis, and the reduction of 

hazardous chemicals, the pharmaceutical industry can 

reduce its environmental impact while maintaining product 

quality and efficacy. These practices not only benefit the 

environment but also improve the safety and efficiency of 

pharmaceutical manufacturing 

 

Conclusion 

In conclusion, green chemistry in pharmaceutical 

manufacturing represents a shift towards more sustainable 

and environmentally friendly practices. By utilizing 

renewable feedstocks, minimizing waste, enhancing energy 

efficiency, employing safer solvents and reaction 

conditions, and leveraging catalysis, the industry can 

significantly reduce its environmental footprint. These 

approaches not only contribute to sustainability but also 

improve the safety and efficiency of pharmaceutical 

production processes. The integration of renewable energy 

sources and advanced monitoring technologies further 

supports these goals, demonstrating that green chemistry is 

both a viable and necessary direction for the future of 

pharmaceutical manufacturing. Through the successful 

implementation of these principles, the pharmaceutical 

industry can maintain high standards of product quality and 

efficacy while promoting environmental stewardship. 
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