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[bookmark: _Toc101781053]Introduction
In this report I am going to be writing about the Pagani Zonda F, I will cover many topics in this report from sustainability of the car to the manufacturing processes. The Pagani Zonda F was a limited run Italian supercar from 2005. It was powered by a 7.3 litre naturally aspirated AMG V12 engine and featured a handmade carbon fibre body.





[bookmark: _Toc101781056]Materials
The materials used in the Pagani Zonda F are very expensive and exotic materials. The main body of the vehicle is made from carbon fibre. “The carbon-fibre bodywork keeps the kerbweight down to a paltry 1,230kg.” (Pagani Zonda F | Auto Express, no date). “Carbon fiber is composed of carbon atoms bonded together to form a long chain. The fibers are extremely stiff, strong, and light, and are used in many processes to create excellent building materials. Carbon fiber material comes in a variety of "raw" building-blocks, including yarns, uni-directional, weaves, braids, and several others, which are in turn used to create composite parts. The properties of a carbon fiber part are close to that of steel and the weight is close to that of plastic.” (Frank, Hermanutz and Buchmeiser, 2012). Pagani used Carbon fibre for the body of the Zonda F as it is a very strong and light material, most normal road cars are made from steel as steel is incredibly cheap to purchase and manufacture into a vehicle. Steel is very heavy and not as strong as carbon fibre. Carbon fibre is like fibreglass in the way it is made by layering sheets of raw carbon with an epoxy resin to make it incredibly light and strong. Making carbon fibre requires specialist equipment such as large curing ovens and specialist expertise which is not cheap to buy. Although carbon is very strong and light it can break catastrophically in an accident rendering the car useless in a crash.
“It takes a lot of energy to reinforce each fiber with carbon atoms. Energy, also required to bundle the carbon together into fibers and threads. Energy costs are probably the most expensive factor in carbon fiber manufacturing.” “Making carbon fiber is a highly-specialized process. For that reason, not just anyone can work as a carbon fiber manufacturer.The machinery needed to produce carbon fiber is also quite advanced. These machines can cost thousands of dollars, driving up the price of the end product.” (Frank, Hermanutz and Buchmeiser, 2012). The author of the report I have just cited from explains why carbon fibre is so expensive to manufacture outlining the cost of the equipment and the need for experienced labour to make sure the end product has been manufactured correctly and is safe for use.

[bookmark: _Toc101781057]Aerodynamics 
The Zonda F was renowned as one of the best performing supercars of the mid 2000’s as it featured a 7.3litre AMG V12 it needed matching capability in the corners. This was achieved by manipulating the air rushing over the cars body using aerodynamics.
 “Aerodynamics play large role in shaping Zonda’s new car. More traditional devices include a one-piece fixed wing which now gets undisturbed air thanks to relocated mirrors. To help airflow underneath, a larger front splitter and rear diffuser with twin stabilizing wings create even more downforce. At the front of the Zonda F is a much larger air intake to increase cooling effectiveness of the more potent V12 engine” (2005 Pagani Zonda F (Ultimate Guide), no date). 
Pagani used a fixed wing which in turn pushes the rear of the car into the road to improve grip through corners, Pagani also used a large front splitter and a diffuser which flows air underneath the car to pull a vacuum underneath the car to again improve grip and downforce. 
“Spoilers are supposed to change airflow above, around and underneath vehicles to reduce wind resistance (or drag) or use the air to create more downforce and enable more grip at high speeds. They’re designed to “spoil” the airflow to reduce its negative effects” (What Does a Spoiler Do? | News | Cars.com, no date) Pagani uses this to manipulate the airflow not only to improve the grip and increase cornering speed but to channel air to cool the AMG engine.
“The diffuser acts as an expansion chamber to manage the air as it exits from underneath the car and reintegrates it with higher-pressure ambient air. Smoothing this transition reduces turbulence and drag in the car's wake and improves airflow under the car.” (The Physics of Diffusers: How to Make a Car Really Suck &#8211; Feature &#8211; Car and Driver, no date). Pagani uses this technology to reduce turbulence from the air exiting from underneath the rear of the vehicle to improve the overall the aerodynamic efficiency of the Pagani.
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The AMG engine used in the Zonda F is 7.3 litre electronically fuel injected naturally aspirated V12. The engine produces 602ps at 6150rpm and 760nm of torque at 6150rpm (specifications from (Pagani Zonda F Technical Specs, Dimensions, no date)) 
Keeping the V12 engine legal for use on the road emissions restricting devices need to be used. Pagani is not a main stream car brand however they are still required to use emissions devices such as catalytic converters and needed to fall into an emissions bracket in order to be sold in the United Kingdom Domestic Market (UkDM)
“A catalytic converter uses a chamber called a catalyst to change the harmful compounds from an engine's emissions into safe gases, like steam. It works to split up the unsafe molecules in the gases that a car produces before they get released into the air.” (What Is a Catalytic Converter and What Does It Do?, no date) Catalytic converters have been used for around 40 years in production vehicles to help clean the exhaust gasses coming out of the vehicle and can affect what tax bracket cars are in and whether the car would be ULEZ compliant to drive in clean air zones.
“Catalytic converters, more commonly known as 'cats', have been a legal requirement on all new petrol and diesel cars since 1993.” (What is a catalytic converter? | Carbuyer, no date). For a car to even be sold in the UK a catalytic converter needs to be fitted, some cars like the BMW M4 have 4 catalytic converters to reduce the amount of harmful exhaust gasses.
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As Pagani is a niche vehicle manufacturer and use engines from different manufacturers there may not be that many supply chain issues such as other manufacturers like Toyota. “Production of the Zonda F was limited to 25 cars” (Horrell, 2006) as only 25 cars were manufactured supply chain issues would be extremely unlikely.
“Toyota's motor vehicle production contracted by 14.4 percent to reach around 7.6 million units in the fiscal year ended March 31, 2021. This figure includes commercial vehicles and vehicles sold under the Daihatsu and Hino brands.”(• Toyota worldwide vehicle production 2021 | Statista, no date). As Toyota make millions of cars in multiple countries they use “just in time” for deliveries to eradicate the need for a large warehouse.
“The just-in-time (JIT) inventory system is a management strategy that aligns raw-material orders from suppliers directly with production schedules. Companies employ this inventory strategy to increase efficiency and decrease waste by receiving goods only as they need them for the production process.” (Just-in-Time (JIT) Definition, no date)
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When engineering a new supercar many parameters need to be thought of before designing the new supercar. To make the car road legal the car needs to be within the tolerances for emissions for the specified market and be safe enough for the roads by having crash tests etc.
Some designs used in vehicles are flawed, however I can’t find any information on the Zonda F as the production run was very limited. However, another Italian manufacturer Ferrari had a flawed design with the 458. “Ferrari recalled more than 400 luxury Italia cars today after reports that a design fault could cause them to catch fire. The first incident occurred in July, when the driver noticed the rear panel of his 458 Italia was on fire while he was driving in Paris.” (Ferrari recalls 458 Italias after a spate of fires | World news | The Guardian, no date). This is a prime example of poor designs that made it to manufacture.
	Also, to be road legal the Zonda F needed to have lights front and rear and wing mirrors. Wing mirrors can disrupt the airflow however, Pagani used this to their advantage by positioning them to clean the turbulent air for the rear wing to improve rear downforce and in turn making the car quicker through turns.
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Sustainability is a more important issue than ever before with the introduction of electric and hybrid vehicles. Not many electric vehicles were on the market in 2005 as opposed to nearly every manufacturer having an electric or hybrid version of their cars, companies like Tesla do not sell one ICE engine vehicle.
	In 2005 sustainability was not as much as an issue than in 2022 with governments imposing bans on the sales of ICE by 2030.
	The materials the Zonda is made from are not recyclable. “A report (pdf) in February from the environmental charity Green Alliance listed carbon fibre as one of several novel materials that could create waste problems in the future unless swift action is taken to make it ready for recycling and reuse” (Carbon fibre: the wonder material with a dirty secret | Guardian sustainable business | The Guardian, no date). As more manufacturers are using carbon fibre in their cars due to its strength and lightness using the material is not as sustainable as using alloys as its unable to be reused or recycled.
	Making a car sustainable means implementing emissions restricting devices such as catalytic converters and tuning the vehicles engine to be more environmentally friendly. Not just using sustainable materials for manufacture.
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Most manufacturers use production lines originally used in car manufacture by Ford with the production of the Model T. Pagani manufacture nearly every part of their vehicles aside from the engines which come from AMG.
	The cars are hand crafted in Italy as opposed to the quick mostly automated production lines of large manufacturers like Vauxhall and especially Tesla. “The attention to detail is amazing. Regardless of whether you’re talking about an exterior part or a little titanium bolt that nobody would ever see, it’s always perfection.” “A typical Huayra build takes anywhere from four to six months depending on the amount of customization that the client requests. And as you can imagine, at this sort of price level, everyone who buys one wants to make sure their car is totally unique.” (Assembling Art: Touring Pagani’s Production Line - Speedhunters, no date) 
	“An average car has about 30,000 parts. Once those parts are manufactured and brought to the final production line, it takes automakers about 18 to 35 hours to produce one mass-market vehicle – from welding to full engine assembly to painting.” This just goes to show that Pagani production techniques are from normal in the world of automotive manufacturing taking up the six months to produce a single car as opposed to 18 to 35 hours.
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In modern cars everything is controlled by computers, however the only part that is significantly controlled by a computer is the AMG V12 powering the Zonda F. Engine computers (ECU) control everything to make the engine run from assessing fuel quality to controlling ignition and valve timing. Basically everything to make the engine run is done by the ECU. “An electronic control unit (ECU) is a small device inside a vehicle that controls one or several electrical systems in that vehicle. It tells electrical systems what to do and how to operate. ECU's core is a microcontroller, and it is controlled by embedded software.” (What is an Electronic Control Unit (ECU) in a Car? - Car Rental Glossary, no date). The ECU can also help reduce the vehicles emissions by making the engines air fuel mixture leaner in order to reduce the harmful exhaust gasses.
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The auto industry has changed drastically over the last 17 years since the launch of the Pagani Zonda F. It is difficult to find a large displacement naturally aspirated supercar anymore as most manufacturers are turning to low displacement V8 engines with forced induction to help reduce the emissions emitted into the planet. Some manufacturers like McLaren and Ferrari have already started to introduce hybrid drive systems
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In conclusion the Pagani Zonda F was an incredibly high tech car for 2005 with the carbon fibre body and the aerodynamic efficiency. With a large naturally aspirated V12 engine it was around the same power figures as the competing cars from the time like the Lamborghini murcielago. Where the Pagani was in a class of its own was the drama and the exclusivity of owning one. 


 to reduce the impact on the planet further.
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