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ABSTRACT 

Since the invention of syringes 150 years ago not many design changes had been done on design. Syringe being one 

of the simple and effective drug delivery device used widely. In this paper an approach for redesign of the syringe is done 

considering the sustainability quotient of the design and material as well. By using the sustainable design principles, the aim is 

to reduce the material usage and optimize the design of the syringe. The sustainability study of the designed models were done 

using the solid works sustainability and the flow simulation.  
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INTRODUCTION 

With the introduction of medical drugs, various drug administration methods have been sought. Many developments 

needed to occur before injections through a hypodermic syringe could be conceived. The hypodermic syringe is a device used 

by medical professionals to transfer medicine or fluids into or out of the body. It has a hollow needle, which is attached to a 

tube and a plunger. When the plunger handle is pulled back, fluids are drawn into the tube. The fluid is forced out through the 

needle when the handle is pushed down. The syringe was introduced in the mid-1800s and has progressively improved with the 

advent of new materials and designs. Today, it has become such an important medical tool that it is nearly a symbol 

synonymous with the practicing physician. 

Fluid is drawn up through a hollow needle into the main tube when the plunger handle is pulled back. Air will not 

enter the tube as long as the needle tip remains in the fluid while the plunger handle is pulled. Exact amount of fluid can be 

accurately measured by reading the measuring marks on the side of the tube. The liquid is dispensed out through the needle 

when the plunger handle is pushed back down. Using a hypodermic needle as the method of drug administration has some 

significant advantages over oral ingestion. First, the drugs are protected from the digestive system. This prevents them from 

being chemically altered or broken down before they can be effective. Second, since the active compounds are quickly 

absorbed into the bloodstream, they begin working faster. Finally, it is more difficult for the body to reject drugs that are 

administered by syringe.  

Sustainable design is the design philosophy for designing objects, the built environment, and services to comply with 

the principles of social, environmental friendly and safe design. Sustainable innovation and design is not necessarily about new 

technologies, but rethinking about how to meet growth needs while reducing negative environmental and social impacts.  

Dimensions of sustainability and life cycle sustainability assessment. (a) The three dimensions of sustainability (b) Life cycle 

sustainability assessment (LCSA) consists of environmental life cycle assessment (LCA), environmental life cycle costing 

(LCC) and social LCA (SLCA). 

 
 

Fig 1. Sustainability 

LITERATURE STUDY 

The literature has been looked up from the standpoint of a product redesign with minimum impact to the environment after 

its use and minimum wastage of materials. Environmental friendly manufacturing and product retrieval, involves the 

incorporation of environmental thinking into new product development including design, material selection, manufacturing 

processes and delivery of the product to the consumers, plus the end-of-life management of the product after its useful life. The 

integration of environmental requirements throughout the entire lifetime of a product has been studied by Kaebernick H, Kara 

S and Sun M. They presented the conceptual approach of product development, based on a paradigm for sustainable 

manufacturing. 

To reduce the use of fossil fuels and its related environmental and health impacts and to avoid non-degradable and bulky 

plastic wastes biodegradable plastic provide a better alternative. There use however brings new challenges that are present 

during their whole life cycle .The amount of waste materials produced after every injection is very high, this includes the 

needle waste commonly termed as SHARP waste, which could lead to infections if they come in contact. The design of dual-

chamber syringe houses is simple and the innovative bubble mechanism enables the smooth delivery of a dose of medication 

and a saline flush with a single access to the catheter hub. The design of dual-chamber syringe will help to reduce the potential 

for catheter-based infection, medical errors, medical waste, and clinician time and also helps to understand the various design 

problems to consider while designing a syringe. The concept of low dead space syringe is also very much effective in syringe 

design. When the plunger is fully depressed, all syringes retain some fluid in what is called “dead space.” High dead-space 

syringes, which have detachable needles, retain fluid in the tip of the syringe, the hub of the needle, and the needle itself. Using 

low-dead-space needles and syringes may result in major reductions in HIV in countries with injection-driven epidemics. The 
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latest development in the syringe field is the use of prefilled syringes which helps to deliver correct dosage of medicine. The 

key advantage is that prefills require less overfill. For example, for a 0.5 ml vial, the USP recommends 20-25% overfill. In 

contrast, for a 0.5 ml dose, required overfill is less than 2%. As a result, potentially 18-23% more doses can be produced. 

There are many advantages of prefilled syringes like convenience, affordability, accuracy, sterility, safety, marketing, 

manufacturing and marketing advantages. Thus there is every possibility of prefilled syringes replacing the conventional type. 

RESEARCH METHODOLGY 

 Design engineers are in need of approaches for creating environmentally friendlier products. The existing components of 

hypodermic syringe have been modelled using Solidworks. Then, the sustainability analysis has been carried out on the design to 

evaluate the environmental impact. The ecological effect has been measured as far as carbon footprint, vitality utilization and 

air/water effects utilizing solidworks sustainabilty. It has been found that the optimized components possess minimal 

environmental impact. The sustainability improvement after the implementation of the proposed approach has been computed. It 

could be derived from the consequences of the detailed analysis that CAD could prompt the improvement of ecological 

cognizant item outlines with insignificant effect to the earth. 

 The research analogy behind the conduct of this project is that there exists a need to develop environmentally friendlier 

product design for the case organization. In order to perform this task, advanced technologies such as CAD and CAE have been 

selected. The project begins with the writing literature review on earth friendlier item plan. Then an appropriate candidate 

product has been selected - syringe. Then, the CAD modelling of components of syringe has been performed. This is followed 

by the conduct of sustainability analysis of components of syringe. The natural effect of parts of syringe has been surveyed. 

After that the designs are to be prototyped using Rapid prototyping technique to study functionality and integrity of the design.  

RESULT AND DISCUSSION 

The design of the new syringe is done by keeping in mind the various aspects of its use such as effective medicine 

conveyance, no reuse, environment benevolent and convenience. Different design models have been made by using 

SOLIDWORKS. There are two main conditions which are considered while designing the syringe. One design is done 

considering the syringe as a prefilled one. And the other is considered as normal syringe. 

In the first plan (i.e. prefilled case) the barrel of the syringe is a shut one and it is prefilled with the medication. The 

barrel has two sections –the end near the top where the needle is appended is unbending and has thread to its end for 

connecting a holding gadget for simple taking care of, which can be reused since this part doesn’t have any contact with the 

fluid inside, the bottom part is adaptable which has a starting projection inwards at its end so that when a pressure is applied 

with the the help of plunger to the hard base piece of the plastic part crumples into the hard upper piece of the barrel and push 

the medicine forward on into the needle. The needle additionally has an inbuilt design which helps to reuse it. The needle is 

joined with the barrel by basic snap fit instrument. When we apply the pressure the drug is pushed out through the needle into 

the body. After its utilization the whole barrel part and the needle can't be utilized once more, yet could be recycled. So 

wastage is minimized. The needle connection is so composed such that when appended to the barrel the dead space is very low. 

Fig 2 demonstrates the image of the syringe. The material that is considered for this configuration is cyclic olefin copolymer 

which is another brand in plastics that are currently broadly utilized for various biomedical applications. 

The normal syringe is utilized for both infusing and taking in liquid. The normal syringe has 5 parts and require 

assembly of these parts to form the syringe barrel, in this design the quantity of parts are diminished to 3. In this the idea of 

plastic needle is used, the plastic needles has the potential to reduce the production time, assembly time and can increase 

recycling. The plastic needle concept have high potential to replace the steel needle. In this design the barrel and the needle 

part is made as one complete part. This part could be delivered as one section in an injection mold. The plastic needles have the 

same quality as that of a stainless steel needle, likewise have better moldabilty than steel. The figure 3 shows the design. The 

material considered here is the liquid crystal polymer (LCP) and cyclic olefin copolymer (COC). LCP and COC both have high 

strength and can be easily molded. 

For the rapid prototyping of the design it has to be done as separate parts and then parts has to be assembled. The fig 3 

shows the two separate parts that are to be prototyped for the main body. 

Flow analysis 

The flow analysis is done on the syringe using SOLIDWORKS Flow Simulation module (Fig 4). Blood is considered 

as the fluid inside the tube and is properties are selected from the Solidworks database. The pressure and temperature at the 

inlet is specified as atmospheric pressure and 298K. The maximum output velocity is found to be 0.631m/s for the prefilled 

design. This result showed that the design is viable interms of the velocity and the flow pattern that was observed for un 

obstructive medicine flow. This part of the study helped in validating the new design. 

SUSTAINABILITY REPORT 

The study shows that by using new and improved materials with high quality we could reduce the environmental impact and 

create a sustainable design with reduction in cost too.  The sustainability report was carried out using the sustainability module 

in solid works. The material has been specified as polypropylene and cyclic olefin copolymer. Polypropylene is the most 

widely used plastic for syringe making. The volume, surface area and weight of components of syringe are computed. The 

region of production is specified as Asia for the study and region of consumption is specified as Asia. The process of 

manufacturing has been specified as injection molding. Figures 5 show the results of sustainability analysis for syringe barrel. 

Four important environmental parameters considered in this study are carbon footprint, air acidification, total energy consumed 

and water eutrophication. Sustainable design is a comprehensive, holistic approach to create products and systems that are 

environmental friendly, socially equitable and economically viable; such that the design is obvious or measurable 
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environmental benefits; socially, so that it fills the needs of everyone involved in its production, use and disposal or reuse; and 

economically, so that the design is competitive in the marketplace. A design’s carbon footprint consists of greenhouse gases, 

such as the carbon dioxide, carbon monoxide and methane that can contribute to global warming. Air acidification refers to the 

burning of fossil fuels that can result in acid rain. Total energy consumed is the measure of the non-renewable energy sources 

associated with the part’s lifecycle in units of mega joules (MJ).  This impact includes not only the electricity or fuels used 

during the product’s lifecycle, but also the upstream energy required to obtain and process these fuels, and the embodied 

energy of materials which would be released if burned.  Total Energy Consumed is expressed as the net calorific value of 

energy demand from non-renewable resources (e.g. petroleum, natural gas, etc.).  Efficiencies in energy conversion (e.g. 

power, heat, steam, etc.) are taken into account. 

 

 

 

Fig 2. Design 1(prefilled case) Fig 3 Top and Bottom components of the re-designed syringe 

 

 
Fig 4: Flow analysis result of the design 

  

  
Fig 5: Sustainability report of COC and PP for the new design 

CONCLUSION 

The sustainability study has been carried out for the part produced and the above plots shows that the design is 

feasible one and gave better results. It can be inferred from the results that by making appropriate design modifications and 

material selection can be reduced which leads to reduction in environmental impact and thereby making the design 

environmentally conscious. Some of the undeniable long-term benefits include reduced impact on the environment; use of 

clean technologies for everyday living, and manufacturing; less waste disposed to landfills; soil, air, and water pollution 

prevention; preservation of biodiversity; product reuse or recycling at end of life.  
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