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Electric cars (EVs) are increasingly at the heart of car strategy as the UK and other countries drive towards 
transport decarbonisation. The UK has committed in law to net-zero emissions by 2050, with intentions 
(recently revised) to ban new petrol and diesel cars by 2035) (Tyers et al., 2024). Adoption of EVs has picked 
up pace – battery-electric vehicles accounted for around 17% of new UK car registrations in 2024)(Ellie 
Garratt, 2025) – but high prices continue to be a major deterrent. Government briefings explain that although 
EVs have the potential to reduce drivers' operating costs, their high initial purchase prices and gaps in 
infrastructure are limiting mass adoption. In 2025 the UK average battery EV is £48k–£50k, over twice as 
expensive as the average petrol car (~£22k). This premium price increases affordability concerns and 
highlights the requirement for cost engineering solutions. he growth of EVs and automakers’ electric 
commitments sets an exciting, but uncharted, path ahead. One uncertainty concerns 
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the fate of EV batteries once they’re no longer usable in a vehicle or once their original 
vehicle reaches the end of its service life  

Globally, EV cost trends are extremely varied. China has emerged as the leading EV market – in 2024, 
pure EVs reached 27% market share in China (versus ~13% in the EU (Rob Grosvenor et al., 2025)). EV 
prices in China have plummeted over the past decade, from about €67,000 in 2015 to ~ €32,000 by 202). 
Today, the average EV in China is 33% cheaper than an equivalent petrol car, whereas in Europe and the US 
EVs remain 27–43% more expensive than petrol car) (Vijay Govindaraju, 2023). These contrasts reflect 
differences in manufacturing scale, supply chain control, and market forces. For the UK – which imports many 
EV components – understanding China’s cost advantage is instructive. Chinese automakers benefit from 
strong local competition, extensive government incentives, and critically, lower production costs). China’s 
integrated EV ecosystem and economies of scale have enabled rapid cost reductions, whereas UK/European 
manufacturers face higher labour expenses, capital costs, and often rely on imported batteries. 

This is a thorough cost engineering study of electric passenger vehicles with a focus on the UK market 
compared to the EV sector in China. We analyse the EV cost, identify the high cost drivers and significant 
cost drivers across the vehicle life cycle (development, production, use, end-of-life disposal). We then describe 
methods of estimating and modelling EV 
costs including the application of SEER 
cost estimation software, rationalizing 
model assumptions through the use of 
current data in literature and the industry. 
An LCCA model for EV car ownership in 
the UK is constructed based on real-world 
data to show costs over the lifetime of the 
vehicle (purchase price, energy 
consumption, maintenance costs, end-of-
life). We also discuss cost-saving 
possibilities for example, applying the 
KANO model to feature prioritization 
and Design for Manufacturing (DFM) rules to design optimization that can save costs at each stage. Finally, 
we provide insights and practical recommendations, and document the project management methodology 
(timeline, team roles, risk management) used for this study. The objective is to deliver an academically sound, 
evidence-based report (with Harvard-style referencing) that sheds light on how EV prices can be engineered 
down, speeding up the transition to clean affordable mobility. 

 
 UK EV Market Analysis

The UK’s EV market, while growing quickly, is still in a transition phase characterized by high upfront costs 
and policy-driven demand. As of 2024, fully electric cars represent around 17% of new car sales in the UK, a 
jump from just 1–2% in 2019). This growth has been fuelled by climate policies (e.g. the planned ban on new 
combustion cars by 2035) and improving EV offerings. Individuals are attracted to the potential for lower 
running costs – recharging an EV can be 
as little as half the cost per mile of Figure 1 Source: Society of Motor Manufacturers and Traders (SMMT), Race to Zero: 

Powering Up Britain’s EV Supply Chain, March 2023. 
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patrolling a patrol car. Typical UK electricity prices equate to ~6 pence per mile versus ~12 pence per mile 
for petrol, and saving approximately £600 on fuel per year for average drivers. EVs also have around 18% 
lower maintenance costs (less moving parts and no oil changes). These savings in operation, combined with 
incentives such as zero road tax (until 2025) and congestion charge exemptions, increase the attractiveness of 
EVs in the UK. 
However, the upfront price of EVs in the UK remains a formidable obstacle. In spite of a decade of advances, 
battery EVs remain substantially more costly to purchase than similar petrol cars. As noted, the typical battery 
electric vehicle (BEV) in the UK is around £50k, whereas the typical petrol car is ~£22k. This >2× cost 
differential is a strong reason why so many consumers continue to be hesitant in spite of lower running costs. 
The UK House of Commons Library discovers UK EV take-up "is being held back due to their initial cost, 
poor charging facilities and consumer doubting". Early takes-ups have usually been from wealthier households 
or business-car drivers taking advantage of Benefit-in-Kind tax relief. Mass market consumers will not be able 
to afford the upfront cost without generous levels of incentives. (Notably, the UK plug-in car grant, which 
took as much as £3,500 off EVs, was dismantled by 2022, removing a spur-of-the-moment subsidy to private 
purchasers.(Ellie Garratt, 2025)) 
The second challenge is that much of the EV value chain is outside the UK. The UK has only some limited 
domestic EV and battery manufacturing (apart from a few Nissan, Mini, Jaguar Land Rover, etc. models), 
with consequent reliance on imports. This will be expensive in terms of tariffs, logistics, and currency effect. 
There are fewer economies of scale also because of lower UK market production volumes. Car manufacturers 
charge UK EVs to cover enormous R&D and tooling expenses spread over a low volume base, which raises 
unit costs. For example, Dyson, a UK business, attempted to produce a luxury electric SUV but dropped the 
project in 2019 after having spent £500 million because the projected unit cost was an eye-watering £150,000 
per unit, which was not commercially viable (Fred Lambert, 2020a). This illustrates the difficulty that a UK-
led venture (with no scale or supply chain linkage) would experience with regards to competitive prices. 
Generally speaking, the expensive EVs in the UK market are due to expensive imported parts (mainly 
batteries), smaller economies of scale, and the need to incur high development costs per unit. 

1.2. China EV Market Analysis 
On the other hand, the Chinese EV market has achieved astounding scale and price reduction, making EVs 
significantly more affordable for their consumers. China is the world's largest EV producer and market, with 
over a quarter of new cars electric by 2024. Above all, the average price of EVs in China decreased by ~50% 
within seven years, from around €67k in 2015 to ~€32k as of 2022 (Vijay Govindaraju, 2023). As a result, a 
typical EV in China now costs about ¥220k–¥240k (≈£25k–£27k), some one-third below a similar petrol car. 
The opposite of the Western case – in China, EVs are more affordable with gasoline cars usually more 
expensive to buy. 
 
Table 1 Key Drivers of China’s Electric Vehicle (EV) Cost Advantage 

Factor Key Points 

Economies of Scale & Manufacturing 

• High domestic demand 
• Mass production reduces per-unit cost 
• Lower labour & overhead costs 
• In-house component production 
• Domestic supply sourcing 

Government Policy & Incentives • Long-term EV subsidies 
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• Consumer purchase incentives 
• Subsidized loans & grants 
• License plate, regulation advantages 
• Local government support for plants 

Supply Chain Integration & Raw Material Control 

• Near-complete domestic supply chains 
• Control over battery/raw materials 
• 60%+ global battery cell capacity 
• Lower battery costs (10–25% of EV cost) 
• Vertical integration with sister companies 

Focus on Mass-Market Segments 

• Wide range of affordable models 
• Cost-efficient engineering 
• Fewer luxury features 
• No-frills, mass-market approach 

Overall Cost Advantage 

• ~€10,000 lower EV cost vs. Europe 
• Lower R&D, capital, labour expenses 
• Cheaper engineering talent 
• High factory automation & efficiency 

Chinese EV makers are able to produce cars approximately €10,000 cheaper than European rivals due to lower 
R&D, capital, and labour costs, streamlined factories, and vertically integrated supply chains. Their low-cost, 
scalable model allows them to price EVs competitively with, or even less than, traditional cars a benchmark 
Europe aspires to reach as battery and manufacturing costs decline (Joseph White, 2023). 

1.3. Comparative Analysis 
Cost Structure Changes: UK and European/US EVs are around £8,800 (~€10,000) more costly to produce 
than Chinese counterparts (Reuters, 2023), mainly due to greater labour costs, greater initial R&D, and lower 
cost amortization. Lower labour costs, subsidies from the government, and a huge market to spread costs are 
employed by Chinese manufacturers, which allows the likes of BYD to price aggressively and take thinner 
margins for market share. 
Battery Cost and Supply: Batteries make up the largest EV spending. China's domestic battery production, 
heavy reliance on low-cost LFP technology, and supply base scale enable lower prices often below the 
~$115/kWh world benchmark (2024). UK producers, by contrast, are dependent on imported batteries (mainly 
East Asia) with higher costs until the home-based gigafactories achieve economies of scale. 
Vehicle Pricing and Consumer Impact: Chinese consumers have several EVs available below £20,000 
(some below £10k), whereas most UK EVs begin at around £25,000–£30,000. In China, policy and 
affordability have enabled EVs to be generally accessible; in the UK, consumers are purchasing out of long-
term savings or ecological motivations. With declining battery costs and the arrival of cheap new models (such 
as MG4), price parity with petrol vehicles may reach the UK by 2026 when the $100/kWh battery threshold 
is breached (Joseph White, 2023). 
The UK’s EV market faces high costs, but is improving. China demonstrates how scale and integration cut 
EV costs dramatically. Lessons from China could help the UK lower costs as local battery supply expands 
and industry efficiencies improve. 
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Understanding where the money is spent on designing an electric vehicle is important to the identification of 
cost saving possibilities. EVs share much with internal combustion vehicles (body, frame, interior, etc.), yet 
possess a considerably different cost structure due to the electric drive. The most expensive component of a 
battery electric vehicle tends to be the traction battery pack, followed by the electric drive system (motors, 
power electronics), whereas an internal combustion engine vehicle (ICEV) will allocate most money to the 
engine/transmission. Here we analyse EV costs and determine the main high-cost drivers (König et al., 2021a). 
BYD e5 electric car's under-hood battery pack the battery is one of the most costly components of an EV, and 
can be up to a third of the price of the entire car Successful production and sourcing of batteries are thus 
pivotal to keep EV prices low.  
Overall EV Cost Breakdown:  An approximate guide from recent studies is that the battery pack will make 
up ~30–35% of the overall cost of an EV. For instance, König et al. show that in a compact EV with a 50 kWh 
battery pack, the battery pack amounts to about one-third of the price, though this will probably go down as 
battery costs reduce. In comparison, an ICE drivetrain (engine, fuel system, exhaust, etc.) normally forms 
~15–20% of the price of a typical car (THUNDER SAID ENERGY). This discrepancy accounts for the basis 
of why EVs have higher base prices they merely swap a cheap engine with an expensive battery. Excluding 
the battery, EVs still incur expense for the electric motor(s) and power electronics (inverter, onboard charger, 
DC-DC converter). These components collectively (often termed the e-drive) add another ~10–15% of the 
cost. A rough teardown analysis by UBS placed the electric motor, inverter, and electronics in a mid-size EV 
at approximately $2,000–$3,000 in total in 2017, with some anticipated cost savings by 2025 (Berckmans et 
al., 2019).   

 
Chart 1 Electric vehicle battery pack costs from technical studies and automaker statements 

The vehicle's glider (the body, chassis, interior, suspension, and all non-engine components) is the second 
most expensive category. These "rest of vehicle" expenses are similar for EVs and ICEVs. Argonne National 
Lab statistics show that manufacturing the body, chassis, interior, and other shared systems totals around 
50%–60% of the cost of an average carpublications (Cuenca, Gaines and Vyas, 1999).  

 
1 Cost Break Down Source: (Berckmans et al., 2019) 
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Chart 2 Vehicle technology costs for conventional and electric vehicles in 2018 and 2025 for cars, crossovers, and SUVs 

This comprises raw materials (steel, aluminium, plastics), labour to produce, and overheads. EVs have 
insignificant deviations (e.g., no fuel tank or exhaust but they do have additional high-voltage wiring and 
cooling for the battery), but glider cost is of the same order as conventional vehicles. Analysis of a subcompact 
vehicle concluded there wasn't a single vehicle subsystem that dominates cost body structure, battery, and 
powertrain each had considerable portions.  
Table 2 Table 2 AC-Induction Motor: Material Content and Cost of Components (Cuenca, Gaines and Vyas, 1999) 

Component Mass (lb) Mass (%) Cost ($) Cost (%) Cost ($/lb) 

Core laminations, rotor 33.3 23.4 85 29.8 2.55 
Core laminations, poles 29.5 20.7 65 22.8 2.2 
Frame 29 20.4 20 7 0.69 
Armature winding 10.3 7.2 21 7.4 2.04 
Poles winding 9.5 6.7 19 6.7 2 
Commutator 10.5 7.4 30 10.5 2.86 
Shaft 9.3 6.5 5 1.8 0.54 
Housing (end-cap) flanges 5 3.5 10 3.5 2 
Miscellaneous 6 4.2 30 10.5 5 
Total 142.4 100 285 100 2 

 
Nevertheless, because EVs cancel out certain ICE-specific items (radiator, muffler, etc.) and add battery 
systems, the cost composition differs. 

High-Cost Components in EVs: Summarizing the above, the top cost contributors in a typical EV are: 
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Table 3 Major Cost Components of an Electric Vehicle (EV)2 

Cost Element Typical Cost & Details Notes / Trends 

Battery Pack 

- #1 cost - Major cost driver 
- 60 kWh pack: ~$8,000 - Prices dropping but still high 
- 90–100 kWh: $15,000+   
- 2024 avg: $115/kWh (down 20% 
YoY)   

Electric Drive Unit 
- 150 kW motor: $1,500–$2,000 - Costs falling with tech 

advances - Inverter: $500–$800 

Onboard Charger & 
Electronics 

- Charger: ~$300 
- Adds a few % to total cost - HV cabling: ~$300 

- DC-DC, controllers: few hundred each 

Glider 
(Body/Chassis/Interior) 

- Body, chassis, interior: $15,000–
$20,000 (in a $45k EV) 

- High cost, not unique to EVs 

- Potential for savings 

Engineering, R&D, Tooling 
- Adds 5–7% of vehicle price - Lower volumes increase per-

unit cost 
- High upfront investment, amortized 
per vehicle 

- Chinese OEMs dilute via 
platform sharing 

 
Illustrative Breakdown of costs: As an example, consider the case of a mid-size electric SUV with 
manufacturer's total cost of about £30,000 (excluding margins and taxes). A reasonable breakup can be: 
Battery £9,000 (30%), Electric drive & power electronics £4,500 (15%), Body & Chassis £7,000 (23%), 
Interior & Misc. £5,000 (17%), Other Electronics £2,000 (7%), R&D and Overhead allocation £2,500 (8%). 
This is a simplified sketch, but it aligns with analyses that show the battery and glider as the bulk sections, 
then the e-drive, with a thin slice for electronics and overhead of special note, manufacturer and dealer margins 
(which can be ~5-10% each in the retail price) are added on top of these costs when determining the sticker 
price (Cuenca, Gaines and Vyas, 1999).  

 
2 Table 3 Resources: (Inside EVs; Cuenca, Gaines and Vyas, 1999),(THUNDER SAID ENERGY) 
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Figure 2 Cost breakdown for the net price of a new car 

High-Cost Contributor Focus Battery: It cannot be overemphasized that the battery is the single biggest 
cost driver and thus the largest cost-saving target. Business efforts like increasing energy density (more kWh 
per cell) and manufacturing scale have already decreased battery prices by orders of magnitude (e.g. from 
~$1,000/kWh in 2010 to ~$130/kWh in 2023) (König et al., 2021b). Experts forecast even more declines to 
~$80/kWh by 2026 – about 50% from 2023(Goldman Sachs, 2024). Such reductions will diminish the battery's 
share of vehicle cost, enabling cheaper EVs. Research shows that at about €90/kWh (≈£80/kWh), EVs reach 
purchase price parity with ICE vehicles. Actually, €91/kWh is cited as the economic point when BEVs are 
more economical compared to ICEVs (Inside EVs). 
Hence, battery cost trend is paramount. China is the leader in this case (LFP chemistry and enormous 
production scale), whereas UK/EU manufacturers are investing in domestic gigafactories and new-generation 
chemistries (solid-state, high-silicon anodes) for battery cost reduction and assurance of supply security. The 
total cost structure of EVs has the battery pack as the largest expense item, followed by electric drivetrain and 
conventional vehicle parts (body/interior) in second position. Much cost in EVs today actually originates 
primarily within these segments, especially where e-motor-
specific (battery, e-motor) equipment stay more expensive 
than their ICE alternative. The subsequent section will 
investigate the drivers within these costs through the life of 
the EV  from development through production and through 
to use and end-of-life – in order to better look where and 
how cost can be engineered down. 

 

Cost drivers are the underlying reasons why each cost element is high or low. For EVs, cost drivers span the 
entire product lifecycle: initial development, manufacturing and supply chain, operational phase (which 
influences total cost of ownership), and end-of-life processes. By looking at every stage of the lifecycle, we 
can see what is driving costs and where there are leverage points for cost reduction. 

Figure 3  11 High-voltage battery pack and power electronics 
module of a BYD electric vehicle, showing the lithium-ion 
battery enclosure, orange high-voltage wiring, coolant 
reservoirs for thermal management, and auxiliary 12V battery 
for vehicle systems. 
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3.1. Development Phase Cost Drivers (R&D and Design) 
Car manufacturers invest huge engineering, design, and testing costs at the development stage of an EV before 
they sell a single vehicle. These upfront costs eventually find their way into the vehicle cost. Some of the 
largest cost drivers in this phase are:  
Table 4 Typical Vehicle Manufacturing and Retailing Cost Structure 

Cost Category Share of MSRP (%) Subcategory Share of MSRP (%) 

Manufacture 50     
Warranty 5     
Overhead 18–20 R&D and engineering 6–7 
    Depreciation/amortization 5–6 
    Corporate overhead 5 
    Retirement and health 2 
Selling 23–24 Distribution 20 
    Advertising & dealer support 3–4 
Sum of costs (avg.) 97.5     
Gross profit 2.5     
Total 100     

 
Research & Development Intensity: EV technology involves advanced R&D – battery chemistry, power 
electronics, software integration, thermal management, etc. Companies may invest heavily in proprietary 
battery systems or new EV platforms. These R&D investments are a significant cost driver. For example, a 
manufacturing cost analysis will typically allocate about 6–7% of vehicle cost to R&D and engineering 
(Cuenca, Gaines and Vyas, 1999). In the EV example, if volumes are low, that percentage effectively rises 
per unit. Contrast with a mature petrol car where much R&D has already been amortized over millions of units 
historically. New EV entrants (startups) have very high per-car R&D costs; the Dyson EV project is a 
cautionary tale, where despite £2 billion planned investment, the economics didn't stack up because the 
predicted unit cost (£150k) was too high for the modest output (Fred Lambert, 2020b). The cost structure in 
Table 2.1 can be rearranged in terms of such major cost categories as production, sales, and administration. 
This facilitates the adjustments required later in this study to account for the shifts in components between 
conventional and electric vehicles, and between those manufactured in-house and those outsourced. 
Prototyping and Testing:  An EV has multiple prototype phases (concept vehicles, engineering prototypes, 
pre-production vehicles) and a lot of testing (battery safety testing, crash testing, durability cycles). It costs 
money to create and debug these prototypes. EV-specific testing (battery abuse testing, electromagnetic 
interference testing for high-voltage systems, etc.) adds to the development cost compared to what a 
conventional car might experience. These are upfront expenses but necessary to provide design validation. 
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Figure 4 The BYD HAN EV is driven during an exhibition test drive as the Chinese electric-vehicle producer announces its expansion to the 
consumer market next year in Mexico, in Toluca, Mexico November 29, 2022. REUTERS/Toya Sarno Jordan 

Tooling and Capital Expenditure: Before production, manufacturing tooling (dies, Molds, robotic fixtures) 
must be designed and manufactured. EVs will require new tooling if manufactured on a new platform (e.g., 
casting Molds for motor housings, stamping dies for new body design). The driver here is complexity and 
innovation of parts: a simple design that can recycle existing tooling or shared parts will incur less tooling 
cost than a new breakthrough design. The high costs of tooling are usually amortized as depreciation over 
production, but if the anticipated volume is low, every car "carries" a larger portion of tooling cost. So, this 
aspect leads to a cost per unit being prohibitively expensive for small production series or niche EV models. 
Software and Electronics Development: Contemporary EVs are software-intensive, controlling battery 
systems, motor control, and infotainment. The development of the software and electronics architecture – 
including validation for functional safety – is a major undertaking. It is at times understated as such, costing 
thousands of developer-hours in engineering. Where software unit cost is hard to quantify (being an intangible 
asset), any custom development (e.g., new Battery Management System algorithm) de facto adds to 
development overhead. 
Regulatory and Compliance Costs: EVs face regulations on safety and performance, such as crash safety 
and UN38.3 battery certification for transportation, among others. Compliance could require additional design 
features, cost-sensitive, or test regimes. For example, from an added weight and expense standpoint to meet 
crash testing, adding strength to the casing of the battery pack is regulatory. Similarly, meeting recycling 
directives can be a forward design consideration during development, from designing packs for disassembly. 
One of the main dynamics in the development phase is volume anticipation. When an EV project is designed 
for high volume (hundreds of thousands of units globally), manufacturers have the luxury of spending more 
up-front as the cost per car will come down upon amortization. When volume is uncertain or low, cost control 
in development becomes necessary. Legacy automakers would usually adjust existing platforms for EVs (e.g., 
adapting an ICE platform) to reduce cost, but such would be at the expense of optimality(König et al., 2021b). 
Specialized EV platforms (e.g., Volkswagen's MEB or Tesla's platforms) are costly in up-front development 
cost but are structured to cover many models and thus use scale to reduce unit costs over time. Finally, 
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geographical factors determine development cost (Joseph White, 2023). In China, according to Reuters, EV 
makers have lower R&D costs partly due to lower engineer wages and perhaps more efficient development 
processes. Engineering talent is expensive in the UK/Europe and development cycles may be longer (legacy 
processes), which adds cost. Government grants or collaborations (like UK's Advanced Propulsion Centre 
funding for EV technology) may subsidize part of R&D expense, acting as a cost driver reducer by external 
subsidy. 

3.2. Production Phase Cost Drivers (Manufacturing & Supply Chain) 
Following production, most of the per-unit costs are incurred by the manufacturing process. In this case, the 
cost drivers determine the cost of actually manufacturing each EV. Significant production cost drivers include: 
Battery Cell and Pack Manufacturing:  The cost of battery cell manufacturing (materials, labour, energy) 
is an essential driver. This includes the raw material cost (lithium, nickel, cobalt, graphite), cell manufacturing 
yield, and factory size. For instance, if lithium carbonate or nickel is highly priced, cells will become 
expensive. Production efficiency matters – the energy consumed in the manufacturing of cells is significant; 
as per one study, energy consumption in battery manufacturing contributes significantly to cost.  
Table 5 Overview of battery costs at pack level for different BEVs 

Vehicle Model Year Assumed Units Per Year Pack Costs 

BMW i3 2014 15,000 396 €/kWh 
GM Bolt 2016 20,000 224 €/kWh 
BMW i3 2017 25,000 254 €/kWh 
Renault Zoe 2017 40,000 208 €/kWh 
Tesla Model 3 2018 1,00,000 164 €/kWh 
Audi e-tron 2019 1,00,000 157 €/kWh 

 
Cost reduction was achieved through advancing processes and larger factories; Tesla/Panasonic's vision for 
the Gigafactory was to reduce the cost per kWh through economies of scale. Another important consideration 
is the cost of cell-to-pack integration – how much overhead to include in putting cells together into modules 
and packs (cooling, structure, BMS). Existing literature suggests efforts to decrease the cell-to-pack cost ratio 
by simplifying pack design (e.g., BYD's "Blade Battery" which uses cells as structural members). As 
highlighted, raw material control is a driver: Chinese manufacture is supported by domestic processing of 
battery materials, while European manufacturers may cost more to import processed materials. 
Electric Motor and Powertrain Manufacturing:  To produce motors involves expensive materials (e.g. 
neodymium magnets, copper windings) as well as precision machining. The cost driver here is typically 
material cost (rare-earth magnet prices are variable, influencing motor cost) and manufacturing yield (magnet 
placement, automation of winding). Similarly, the manufacture of inverter depends upon the cost of power 
semiconductors (IGBT or MOSFET, now migrating to SiC for better efficiency but currently expensive). 
Market size and base of suppliers enter the picture: a larger EV market (like China's) supports domestic motor 
and electronics suppliers, injecting competition and lowering prices. For the UK, reliance on imported motors 
or low-volume manufacturing can keep prices elevated. Also, the learning curve (the more you produce, the 
cheaper it is per unit) is a key concept: research in aerospace and automotive finds that for each doubling of 
cumulative production, unit production cost falls by a constant percentage (learning rate). EV manufacturing 
is experiencing this – early units were very costly, but as production facilities learn, labour hours and scrap 
rates drop, lowering costs. 
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Manufacturing Labor and Overhead:  Factory production of EVs requires labour (though highly automated 
for motor and battery assembly) and overhead (plant utilities, maintenance). Labor cost differences are a major 
difference between UK and China, as described. Auto manufacturing labour in the UK is relatively high wage; 
in China, the labour is cheaper and there are available quantities large for not-yet-automated tasks. If manual 
assembly stages (for wiring, interior trimming, etc.) are required, labour cost can significantly rise. For 
example, ICCT studies note that indirect production costs (including labour and overhead) are normally 
approximated as a percentage of approximately 20% of direct cost in motor vehicle manufacturing 
(Berckmans et al., 2019). Automation reduces labour per unit but raises capital expense; it depends on scale 
(cost-effective to automate when scale is large enough to pay off robots). Yield and rework is a second driver: 
EVs have complex electronics, if quality control is poor, rework on faulty battery packs or electronics can be 
costly. 
Supply Chain and Procurement:  A widely underestimated cost driver is the way that components are 
acquired. If the major components (like battery cells or electronic controllers) are sourced from suppliers, their 
profit margins and cost are factored in. Volume discount and bulk purchasing can minimize procurement cost. 
Supply chain issues globally (like chip shortages or commodity price surges) can impact EV cost greatly. For 
instance, cobalt prices shot up c. 2018, elevating battery prices; lithium prices shot up in 2022 which 
temporarily broke the declining battery $/kWh trend. The vertically integrated manufacturers or manufacturers 
with strong supplier bases fared better. In the UK, dependence on import supply chains also introduces 
currency risk (unstable exchange rates can change component prices). Logistics cost (shipping heavy engines 
or large battery packs abroad) is a factor too – so localized production is a cost driver (avoiding freight and 
import tax). China's localized supply chain is strongest here; the UK is moving to localize core components 
(e.g., mooted battery factories) to mitigate this. 
Use and Production Volume:  A plant that produces 50,000 units annually will experience higher unit costs 
than one that produces 300,000, since fixed expenses are thinner for the latter. Over-capacity use is an expense 
driver that may plague new EV ventures – if the factory is not near its capacity level, each car carries a larger 
percentage of the factory's fixed expenses. This was a problem for some of the early EV startups. Legacy 
OEMs sometimes countered this by producing multiple models in one plant or flexible production. For EVs 
in general, if demand is uncertain, companies can start low volume which keeps costs higher until (and if) 
volume picks up. 
In general, cost drivers at the manufacturing stage are technology cost (motor, battery), economies of scale, 
and operational efficiency. China's massive size reduces most of these costs, whereas UK manufacturing 
attempts efficiencies of the same order but is currently saddled with higher input costs. High yields, learning 
curve advantages, and access to cost-effective suppliers are critical to keeping costs down in EV 
manufacturing. 

3.3. Operation Phase Cost Drivers (Usage and Ownership Costs) 
Once an EV arrives at the consumer, we consider the operation phase more lifecycle cost than manufacturing 
cost. From a cost engineering perspective, operation-phase costs do not affect the manufacturing cost, but they 
affect the total cost of ownership (TCO) and hence the economic value proposition of the EV. These drivers 
must be identified since they influence customer buy decisions and can be targets for lifecycle cost 
improvement or value-add services. 
Key cost drivers in the operational life of an EV include: 
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Table 6 Key Operational Cost Drivers for Electric Vehicles (EVs)3 

Cost Driver / Factor Key Points / Impact 

Energy (Charging) Costs 

• Primary EV operating cost 
• Home charging: as low as 7.5p/kWh 
• Public rapid charging: 50–70p/kWh 
• Charging behaviour affects cost per mile 
• Electricity ~half the per-mile cost of petrol 
• Stable low-cost electricity benefits TCO 
• Home solar can reduce charging cost 
• Off-peak charging reduces expense 

Maintenance and Repairs 

• 20–50% lower maintenance vs. ICE 
• No oil changes, fewer moving parts 
• Battery health checks, coolant needed 
• Risk of costly out-of-warranty battery replacement 
• Battery longevity is key 
• Typical battery warranty: 8 years/100k miles 
• Tires and insurance can be higher cost items for EVs 
• Insurance ~£100–£300 higher/yr (UK, for now) 

Resale Value (Depreciation) 

• Depreciation is often largest ownership cost 
• Early EVs: high depreciation due to battery uncertainty 
• Recent models holding value better (55–60% after 3 years) 
• Confidence in battery drives residuals 
• Battery warranties and software updates help retain value 

Charging Infrastructure & 
Convenience 

• Limited infrastructure can raise costs (time & use of 
expensive chargers) 

• No home charging = higher running costs 
• Better infrastructure lowers average user cost 
• Government investment helps 
• Vehicle efficiency (miles/kWh) reduces energy cost 

 
From lifecycle cost perspective, operating cost expenses (energy + insurance + maintenance, etc.) of EVs 
are generally lower compared to ICE cars, which is the single most significant advantage of EVs in the long 
run example, a UK driver would pay ~£300-£400/yr (THE EV FEED, 2023) in electricity for 8,000 miles 
(assuming mainly home charging), while paying £1,000+ in petrol for the same distance. Over 5 years that's 
a few thousand pounds saved. Maintenance would save a few hundred annually. Savings such as this can pay 
for the added initial cost over the life of the vehicle. A significant cost engineering factor: sometimes you can 
pay more upfront if lifecycle cost is lower (so-called Life Cycle Cost trade-off).Actually, more than 80% of 
buyers acquiring a BEV in 2025 will make savings compared with an equivalent petrol car over its ownership 
period, saving an average of £5,850 across 5 years in the UK (charging at home primarily) (Electric-vehicles-
uk-code-report-27-2-25). 

 
3 Table 6 Source: (Rob Grosvenor et al., 2025; Ellie Garratt, 2025; Goldman Sachs, 2024; Fred Lambert, 2020b) 
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Government Taxes and Incentives: During operation, the policies can add to or reduce costs. For instance, 
there was once no road tax (Vehicle Excise Duty) on EVs, that saved owners ~£150–£300/year. From 2025, 
EVs will start to pay VED (albeit at a lower rate initially). Company car drivers have extremely low Benefit-
in-Kind taxation on EVs (2% versus up to 37% for filth-spewing cars) (GOV.UK, 2025). Massively reducing 
their cost to the user – a central enabler in fleet adoption. These policy costs are outside of engineering but 
determine how economical EVs are to run. Governments use these levers to push the TCO tipping point 
towards EVs until manufacturing costs reduce.  
Briefly, cost drivers during the operational phase (energy, maintenance, etc.) work in Favor of EVs, and future 
developments in battery longevity and efficiency will reduce lifetime costs still further. The greatest risk factor 
is energy price volatility and any major component replacements. For a manufacturer or fleet considering 
lifecycle cost, EVs should be designed for long-life batteries and low-maintenance use (e.g., some 
manufacturers design thermal management to minimize battery degradation, which, while raising initial cost, 
lowers lifecycle cost).  

3.4. End-of-Life Phase Cost Drivers (Disposal and Recycling) 
The final stage in the lifecycle is end-of-life (EOL): when the EV (and particularly its battery) reaches 
retirement. Cost drivers here relate to disposal, recycling, or second-life use. Although EOL costs may not 
be directly incurred by the original manufacturer (producers in some locations are responsible for recycling), 
they are part of the total economics and environmental impact.  
Key drivers and considerations: 
Battery Recycling Costs vs. Recovery Value: Lithium-ion EV batteries contain valuable materials (cobalt, 
nickel, copper, aluminium) that can be recovered, but recycling processes have costs. Depending on the 
process: 

• Pyrometallurgical recycling (smelting) is robust but can be expensive and energy-intensive, possibly 
incurring a low net cost per kWh of battery processed. 

• Hydrometallurgical recycling (chemical leaching) can recover material with comparatively less 
energy, although still with chemical and waste treatment costs. 

• Direct recycling (cathode material structure conservation) is a novel process that can potentially 
recover materials more cost-effectively. 

Studies show a range of outcomes. For example, investigation concluded that recycling of NMC EV batteries 
can generate a profit of about $11 to $23 per kWh by direct recycling (because the recovered cathode is highly 
valued), while recycling using pyro- or hydro-metallurgical methods can represent a minimal profit to a 
minimal loss (i.e. –$8 to +$2 per kWh) (Ma et al., 2024). Another source demonstrated cost of recycling less 
than $9 per kWh is achievable (Gutsch and Leker, 2023), which is quite modest compared to cost of production 
of ~$95/kWh. The payoff here is material prices for recyclables (cobalt, etc.) against cost of process. High 
metal prices making recycling viable; low metal prices or battery chemistry being LFP (having no costly 
nickel/cobalt) may not make recycling worth it unless subsidized. 
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Table 7 End-of-Life and Lifecycle Cost Drivers for Electric Vehicles (EVs) 

End-of-Life Cost 
Driver Description 

Second-Life Use 

Most EV batteries retain 70–80% capacity at end-of-vehicle-life and can be 
repurposed for stationary storage, providing value and delaying recycling costs. 
Second-life use reduces net end-of-life cost for users and manufacturers if 
economically viable. Estimated second-life battery pack costs are $60–175 per 
kWh, though reuse requires additional investment for testing and 
reconfiguration.(Shawn Allred, 2021) 

Figure 5 Economic performance of the three recycling technologies in the end- of-life (EOL) stage. a, b Shows that Unit battery profit of 
lithium nickel manganese cobalt oxide (NMC) and lithium iron phosphate (LFP) batteries with 40%–90% state of health (SOH) using different 
recycling technologies at the EOL stage. c, d Unit battery costs and revenues of NMC and LFP batteries with 40%–90% SOH using different 
recycling technologies. e, f The cost and revenue proportions associated with using the optimal recycling technology (direct recycling) 
Resource: (Ma et al., 2024) 
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Disposal & 
Environmental 
Compliance 

Regulations in the UK and EU mandate responsible battery recycling, potentially 
adding costs if manufacturers subsidize collection and recycling. Transporting 
high-voltage batteries is complex and costly. Some countries, like China, collect 
an advance recycling fee at purchase to fund end-of-life processing. 

Dismantling & 
Material Recovery 

End-of-life EVs are dismantled for recycling of metals and electronics. EVs have 
more electronics and copper, which can increase scrap value, but deactivating and 
removing high-voltage systems requires special training and equipment, adding 
some initial cost for recyclers. 

Residual Value of 
Vehicle 

Older EVs with strong resale value are less likely to be scrapped early. Design for 
recycling, such as making battery packs easier to remove, can reduce recycling 
labour and costs. Improved recyclability is increasingly considered in EV design to 
lower end-of-life expenses. 

Lifecycle 
Perspective 

The main purchase price drivers are development and manufacturing, while 
operational and end-of-life stages determine total cost of ownership. High upfront 
costs are balanced by lower running costs over time. Cost engineering aims to 
reduce upfront costs while maintaining operational advantages. 

 
From a cost engineering standpoint, designing EV components for end-of-life can prevent future costs. For 
instance, using fasteners and modular pack designs to remove batteries easily can reduce labour cost in 
recycling by a given percentage. Some EV companies now consider recyclability when making design choices 
(e.g., not applying toxic adhesives, labelling materials to allow sorting). Briefly, end-of-life cost drivers are 
all about the trade-off between recycling cost and value of recovered material or second-life utility. Recycling 
is near break-even today for high-value chemistries, and second-life can add value. A positive value recovery 
at EOL will actually reduce the life cost of the EV (perhaps not to the first owner, but in terms of societal cost 
and possibly allowing manufacturers to recapture materials, reducing the dependency on raw material cost). 
This closes the loop and is increasingly important as battery volumes soar – it can transform a potential liability 
(waste batteries) into an asset (source of material), partly offsetting upstream expense.  
Lifecycle Perspective: Looking at all stages together, the cost drivers along the EV lifecycle show that 
development and manufacturing stages significantly impact the purchase price, while operation and EOL 
stages determine the total ownership cost and long-term value. Exorbitant development and battery costs 
artificially drive purchase prices up today, but low operating costs balance the ledger in the long run. The task 
of cost engineering is to lower those upfront costs without compromising the operational advantages. In the 
next few sections, we shall see how cost model estimation (like SEER) can be employed to forecast and 
examine such costs, and which design strategies (DFM, feature prioritization, etc.) can reduce the costs over 
the lifecycle. 

 
Accurate cost estimation is a foundation of cost engineering, it supports managers and engineers in early 
forecasting of product costs, making trade-offs, and defining cost drivers quantitatively. We apply bottom-up 
and parametric cost modelling techniques in this study, assisted by software tools, to estimate the costs of EV. 
Among these tools is SEER (Software for Estimate Evaluation and Review) by Galorath Inc., industry-
standard cost estimation software offering modules for hardware (SEER-H) and manufacturing (SEER-MFG) 
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among others. We also develop in-house cost models based on academic publications and database resources 
(ScienceDirect, etc.) to verify assumptions. 

4.1. Parametric Cost Modelling Approach  
Parametric cost modelling involves the use of statistical relationships between a product's characteristics and 
its cost, based on historical data. For EVs, one can construct parametric models relating, say, battery capacity 
to battery cost, vehicle weight to manufacturing cost, or number of man-hours to assembly cost. SEER-H is 
essentially a parametric cost modeler: it has data-based models to estimate labour, materials, and other costs 
from a set of parameters 

 

Figure 6 Development of battery pack costs (no distinction made between cell types). Trends in battery pack costs (€ / kWh) from 2016 to 2030 
are shown using minimum, maximum, and literature-reported values. The chart highlights both the variability and overall decline in battery costs 
over time, with minimum costs expected to fall below €100/kWh by 2030. These cost estimates are often derived from bottom-up models, such as 
the Argonne National Laboratory’s BatPac model, which calculate costs based on materials, labour, and overhead. While bottom-up methods 
allow detailed accounting for different battery types, they rely on numerous assumptions, introducing uncertainty and limiting model flexibility." 

By inputting the EV's parameters (e.g. powertrain type, mass, part numbers, complexity factors), SEER can 
produce an estimate of development and production costs with subsystem breakdowns. The advantage is that 
it leverages large databases of past projects and established cost estimating relationships, thus reducing 
uncertainty.  
In our analysis, we set up a SEER-H model for the EV's hardware costs. The key input assumptions were: 
vehicle type (SUV/crossover), volume produced (100,000 units over 5 years), where it is manufactured (to 
refresh labour rates), weight of major subsystems, and complexity rating. As an example, battery pack weight 
(~400 kg) and complexity (special high-voltage assembly) were input, along with the number of electric 
motors (one in our base case). SEER knowledge bases assign default values to the majority of parameters we 
analysed and made appropriate adjustments to UK context wherever required (e.g., SEER labour costs were 
aligned with UK manufacturing wages, which are higher than world average).  
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Generative (Bottom-up) Cost Modelling: Parametric was supplemented with a bottom-up approach for 
certain subsystems to verify the parametric outputs. For the battery pack, we employed a process-based cost 
model like Argonne's BatPaC model (König et al., 2021c). It is constructed from inputs (active materials, 
current collectors, housing), process steps (coating, cell assembly, formation), yields, and overhead. This gave 
us an independent calculation of battery cost per kWh that we could compare with SEER's parametric 
calculation. Similarly, for production costs, we broke down the assembly process steps (body shop, paint shop, 
general assembly) with the estimated hours and rates so that we could normalize it to SEER outputs. 

4.2. SEER Cost Estimation Software and Assumptions 
SEER-H (Hardware) and SEER-MFG were the main tools. We rationalize using SEER because it is 
particularly appropriate to the early cost estimation stage, where one can get fast what-if analysis and take 
care of effects of learning curves and production volume. SEER-H has the ability to generate a comprehensive 
Work Breakdown Structure (WBS) of costs for example, it can dissect material cost vs. labour vs. tooling for 
every one of the subsystems. This amount of detail is helpful to determine which aspect of, say, the battery 
system is most costly (cells vs. pack integration) or the amount of labour the ultimate assembly has.  
Modelling Assumptions in SEER: All cost models rely on assumptions. We explicitly recorded and justified 
every assumption input to SEER, including: 
 
Table 8 Key Model Parameters and Assumptions for EV Cost Estimation 

Parameter Description 

Production 
Volume & 
Learning 

• An annual production of 20,000 units was assumed, totalling 100,000 over 
the model's life.  

• An 85% learning rate was used, meaning every doubling of output reduces 
unit labour hours to 85% of the previous value, reflecting moderate 
automotive complexity and aligning with historical industry data. 

Material Costs 

• Specific material prices were entered, such as lithium-ion battery cells at 
$120/kWh (pack level, 2023 data) (Inside EVs), aluminium at £1.50/kg, 
steel at £0.7/kg, and rare-earth magnets at $100/kg.  

• Sources included recent market reports and journal publications, with a 
future sensitivity run at ~$90/kWh for batteries. 

Labor Rates & 
Productivity 

• UK manufacturing assumed a loaded labour rate of £40/hour for skilled 
automotive workers, including benefits and overhead, matching industry 
benchmarks.  

• For China, regional cost factors allow a lower rate of £10–£15/hour. 
Automation assumptions included 90% automated welding and 50% 
automated general assembly. 

Development Cost 
Allocation 

• R&D and engineering costs were estimated at £300 million total, allocated 
as £3,000 per vehicle for a 100,000-unit program. At higher volumes, per-
unit R&D falls significantly.  

• This is in line with major OEM benchmarking for new EV and battery 
platform development. 
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Profit Margin & 
Warranty 

• A manufacturer’s margin of 5% and a warranty allowance of 2% of cost 
were included in the cost model.  

• While these do not affect the pure production cost, they are relevant for 
estimating the total price and providing a complete view of cost build-up 
from a price perspective. 

 

 
Figure 7 EV Cost Breakdown by Activity 

 

 
Figure 8 Cumulative Project Cost Vs. Risk Range 
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With SEER, we ran a number of scenarios: a UK base scenario, a China cost scenario, and an improved tech 
future scenario. In the China scenario, we reduced labour costs and reduced purchased component prices 
(battery, etc.) by ~15% to reflect local sourcing advantage. This instance offered a ~£5–6k less expensive per 
vehicle than the UK base, in line with outside estimates of China's cost advantage (around €10k difference
)(Joseph White, 2023). This double-checks our assumptions, it shows that our model can replicate known 
differences whenever assumptions are appropriately varied. 

4.3. Validating Cost Models with Data4 
To ensure our cost estimates are credible, we validated key outputs against published data (“sanity checks”): 
 

4.3.1. Data Extraction and Preparation: 
 
A). Battery Pack Cost Comparison 
 
Table 9 Battery Pack Cost Comparison 

Source Year Capacity 
(kWh) 

Cost 
(USD) 

Exchange 
Rate 

Cost 
(GBP) Notes 

ICCT Study 2025 ~60 $8,000 0.8 £6,400 Industry benchmark 

Model 2024 60 ~£7,000 -  £7,000 Model estimate 

Literature 
(30%) 2024 - - - £9,000 30% of £30k vehicle 

cost 
 
Direct cost comparison between this model, an ICCT benchmark, and a literature derived estimate for a 60 
kWh pack in 2024-2025. 
 
Comparative Interpretation of Estimates of Comparative EV Battery Pack Costs: 
The bar chart presents a comparative interpretation of three alternative estimates of the 60 kWh EV battery 
pack cost in the period 2024–2025: 
 

• ICCT Benchmark (2025): £6,400 
• Model Estimate (2024): £7,000 
• Literature '30% of Vehicle' Estimate: £9,000 

 
 

 
4 GBP numbers calculated at 0.80 exchange rate for illustration. 
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Chart 3 Battery Pack Cost Comparison (60 KWh, 2024-2025) 

This analysis demonstrates that the model's estimate is well situated between established markers. Although 
the model calculates a slightly higher cost than the ICCT benchmark, it remains well within a reasonable 
margin, considering the volatility of exchange rates, technological developments, and manufacturer margins. 
Notably, the literature-based estimate that assumes the battery accounts for approximately 30% of the total 
vehicle cost results in a higher number. This result still validates the model result, further substantiating the 
underlying assumptions and approach. In overall terms, the similarity of these estimates supports the validity 
of the model and confirms the consistency of its approach within the framework of prevailing industry and 
scholarly norms. 
 
B). Total Vehicle Cost/Price Comparison 
 
Table 10 Total Vehicle Cost/Price Comparison 

Source/Vehicle Factory Cost 
(GBP) 

Selling Price 
(GBP) 

Factory Cost 
(USD) 

Selling Price 
(USD) Notes 

Thunder Said 
Energy EV - ~£36,000* - ~$45,000 2024 mid-size 

EV 

Thunder Said ICE - ~£24,000* - ~$30,000 2024 mid-size 
ICE 

      Model EV £25,000 £40,000 $32,000 $50,000 After 
margin/tax 

 
 
C). Motor/Inverter Subsystem Cost 
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Table 11 Motor/Inverter Subsystem Cost 

Source Year Motor + Inverter 
Cost (USD) GBP Equivalent Notes 

UBS Teardown 2017 $1,800 £1,440 150kW, 2017 
dollars 

Model 2024 $2,300 (~£1,900) £1,900 2024, SiC 
inverter 

 
Motor and Inverter Subsystem Cost Estimates Interpreting 
 
The graph places side by side the motor and inverter subsystem cost of a mid-range electric vehicle from two 
main sources: 

 
Chart 4 Motor + Inverter Subsystem Cost Comparison  

UBS Teardown (2017): £1,440 (150 kW system) 
Model Estimate (2024): £1,900 (high-grade, possibly silicon carbide [SiC] inverter) 
The 2024 estimate is for a moderately higher subsystem cost than the 2017 UBS teardown. Such difference is 
perhaps rightly justified in consideration of inflation, new innovations, and implementation of premium-grade 
features such as silicon carbide inverters. The higher estimate in the model factor-in not only macroeconomic 
factors but also evolving circumstances within the technology of EV and industry practice. 
 
Overall, this development underscores the model's capacity to incorporate live innovations and strategic 
adjustments in component selections. Through synchronization with, and expansion of, good teardown 
analyses, the model maintains credibility and contemporaneity in the field. 
 
D).Total Vehicle Cost vs. Market Price5 

 
5 GBP estimated at $1.25 = £1 for comparison. 
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Table 12 Total Vehicle Cost vs. Market Price 

Item Factory Cost 
(GBP) 

Selling Price 
(GBP) Notes 

Thunder Said Energy 
EV - £36,000 Mid-size EV, 2024, benchmark 

price 

Thunder Said ICE - £24,000 Mid-size ICE, 2024, benchmark 
price 

Your Model (EV) £25,000 £40,000 Includes margin/tax, Model Y class 

 
Interpretation: 
This factory cost and selling price come close to estimating authoritative market information, highlighting 
your completeness and integrity of cost structure. High correlation of this type defends your assumptions 
and indicates integrity of your approach. 
 
E).SEER Model Validation Table 
 
Table 13 SEER Model Validation Table 

Validation Point Source/Reference Key Evidence 

NASA Validation NASA/NTRS SEER-H found accurate for spacecraft 

Parametric Accuracy Industry Literature Principles applicable across industries 

Hybrid Approach Practice Custom knowledge input, battery cost curve 
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Interpretation: 
SEER's approach has cross-industry validation, and your use of actual-world EV data further strengthens 
the validity of your projections. A hybrid approach like this contributes to credibility along with relevance. 
 
Key Analytical Insights from Cost Modelling: 
 
Table 14 Key Analytical Insights from Cost Modelling: 

Analytical Insight Description 

Battery Cost Accuracy Battery costs estimated by the model are consistent with established 
industry benchmarks, confirming the model’s reliability. 

Motor/Inverter Cost 
Explanation 

Motor and inverter subsystem costs are slightly higher than historical 
averages, which is attributed to chosen technology specifications. 

Overall Cost and Price 
Alignment 

Total vehicle costs and resulting prices closely match the current 
market situation for mid-size EVs and ICEs, supporting the validity of 
the cost and margin assumptions. 

SEER Model Credibility 
The use of SEER parametric estimation is validated by the results, and 
the incorporation of a custom battery cost curve adds further relevance 
to the model. 

 
F).Battery Pack Cost Trend Projection: 2024–2030 
Projection of Projected 60 kWh EV Battery Pack Costs (2024–2030) 
The graph projects the cost of a 60 kWh EV battery pack from 2024 to 2030, at a 7% annual reduction: 
 

• 2024: £7,000 
• 2027: ~£5,500 
• 2030: ~£4,600 
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Chart 5 Projected Battery Pack Cost (60 KWh) Trend: 2024–2030 

This decomposition depicts a steady drop in battery pack costs over the period, and the predicted cost for 2030 
is less than £4,600. This pattern signifies further advances in battery technology as well as process 
manufacturing, ensuring that electric cars become more reasonable. 
 
Overall, the consistency with the present-day industry forecasts improves the credibility of your model and 
signifies its potential applicability for future market trend and EV acceptance patterns. 
 
G).Cost Breakdown: Subsystems as % of Factory Cost 
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Interpretation: The pie chart illustrates the percentage breakdown of a typical electric vehicle factory cost, 
totalling £25,000: 

• Battery Pack: 28% (£7,000) 
• Motor + Inverter: 8% (£2,000) 
• Body/Chassis: 30% (£7,500) 
• Electronics: 10% (£2,500) 
• Interior/Other: 14% (£3,500) 
• Final Assembly: 10% (£2,500) 

H).Sensitivity Analysis: Battery & Motor Cost Impact 

Table 15 Sensitivity Analysis: Battery & Motor Cost Impact 

Scenario Battery (£) Motor+Inv. (£) Factory (£) Selling Price (£) 
Base 7,000 2,000 25,000 31,250 
Battery -20% 5,600 2,000 23,600 29,500 
Battery +20% 8,400 2,000 26,400 33,000 
Motor+Inv. -20% 7,000 1,600 24,600 30,750 
Motor+Inv. +20% 7,000 2,400 25,400 31,750 

 

Figure 9 Sensitivity Analysis: Battery & Motor Cost Impact 

Interpretation of Sensitivity to Battery and Motor/Inverter Cost Changes 
 
The bar chart shows the impact of ±20% change in battery or motor/inverter cost on the final EV selling 
price, assuming a 25% margin: 
 

• Battery –20%: Decreases selling price by £1,750 
• Battery +20%: Increases selling price by £1,750 
• Motor –20%: Decreases selling price by £500 
• Motor +20%: Increases selling price by £500 
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This analysis underscores the fact that battery cost variation has a much greater effect on the ultimate price 
of the vehicle than similar motor/inverter cost variation. The findings reiterate the extreme importance of 
controlling battery prices for EV cost and competitiveness. 
These results confirm the central role of battery economics in the entire EV cost model and pricing strategy. 
 
I).Margin & Tax Impact Analysis 
 
Table 16 Margin & Tax Impact Analysis 

Margin Tax Selling Price (£) 
20% 15% 34,500 
20% 20% 36,000 
25% 15% 35,938 
25% 20% 37,500 
30% 15% 37,375 
30% 20% 39,000 

 
Margin & Tax Impact on Selling Price  
 
Table 17 Margin & Tax Impact on Selling Price 

Margin (%) Tax (%) Selling Price (£) 
2000% 1500% £34,500 
2000% 2000% £36,000 
2500% 1500% £35,938 
2500% 2000% £37,500 
3000% 1500% £37,375 
3000% 2000% £39,000 

 
Interpretation: 
Both individually and collectively raising the margin and/or tax rate boosts the final selling price, with taxation 
also piling on in addition to margin uplift. For each 5% change in margin or tax, the price can vary by over 
£1,000 illustrating consumers' reliance on policy and business strategy. 

J).Summary of Key Findings 

Table 18 Summary of Key Findings 

Analytical Finding Description 

Downward Battery Pack Cost 
Trend 

Battery pack costs are projected to decrease significantly, nearing 
£4,600 by 2030. 

Cost Dominance of Battery & 
Body/Chassis 

Subsystem analysis shows that the battery and body/chassis make up the 
largest share of total vehicle cost. 
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Impact of Battery Cost 
Variation 

Changes in battery costs have a much greater impact on final vehicle 
price than variations in motor/inverter cost. 

Effect of Margin & Tax Rates Even small increases in margin or tax rates can notably affect the 
affordability of EVs. 

4.3.2. Lifecycle Cost Analysis: Ev Vs. Ice: 
Data & Assumptions: 

• Mid-size EV: Factory cost £25,000, selling price £40,000, battery 60 kWh, range 250 mi, 16 
kWh/100 km. 

• Mid-size ICE: Factory cost £18,000, selling price £30,000, 40 mpg, petrol. 
• Usage: 15,000 km/year (9,320 miles) 
• Electricity: £0.30/kWh (UK avg), Maintenance EV: £250/year, ICE: £450/year. 
• Petrol: £1.60/litre (UK avg), Maintenance ICE: £450/year. 
• Depreciation: EV 40% in 5 years, ICE 55% in 5 years (EVs hold value better). 
• Taxes, tariffs for regional: See regional rates below. 

 
Table 19 Lifecycle Cost Analysis: Ev Vs. Ice 

Cost Item EV (5 Yr) ICE (5 Yr) Notes 

Purchase Price £40,000 £30,000   

Fuel/Energy £3,600 £5,600 75 MWh * £0.30 = £22.5/mo EV; 1,752L * 
£1.60 

Maintenance £1,250 £2,250 5 × £250 (EV), 5 × £450 (ICE) 

Taxes/Fees £500 £1,500 Lower for EV (5 × £100 vs. £300/yr ICE) 

Depreciation £16,000 £16,500 EV: 40% lost, ICE: 55% lost 

Total 5-Yr TCO £61,350 £55,850   

 
Interpretation of 5-Year Total Cost of Ownership: EV vs. ICE 
The chart displays the overall 5-year owning costs of a mid-size electric vehicle (EV) and internal combustion 
engine (ICE) automobile:  
 
Purchase Price: Higher for EVs, partially offset by lower ongoing expenses. 
Fuel/Energy: EVs yield significant savings, with lower electricity compared to petrol or diesel. 
Maintenance: EVs have lower costs due to fewer moving parts and less frequent servicing. 
Taxes/Fees: EVs are lower taxed and fee-ed, thanks to government incentives. 
Depreciation: Here, EVs also retain their value slightly better than ICE vehicles. 
 
Total 5-year cost: 
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EV: £61,350 
ICE: £55,850 
 
Lifecycle Cost Bar Chart: EV vs. ICE (5 Year Ownership) 
 
 

 
Chart 6 Lifecycle Cost Bar Chart: EV vs. ICE (5 Year Ownership) 

As this comparison illustrates, while EVs still have a higher overall cost of ownership (TCO) today, the 
difference is decreasing very fast as battery and purchase prices continue to decline. Overall, the direction is 
toward more competitiveness for EVs, especially as technology and policy continue to drive down costs. 

4.3.3. Regional Cost Sensitivity 
Calculation: 
Final Price = Factory Cost × (1 + Tariff) × (1 + Tax) 
 
Table 20 Regional Cost Sensitivity 

Region VAT/Sales Tax Import Tariff Final Price (£) Notes 

UK 20% 10% £33,000 EV imports from outside UK. 
EU 19% 10% £32,775 EU standard 
US 7% 3% £27,368 Typical state sales tax, federal tariff 

China 13% 15% £32,513 VAT & import for foreign EV 
 

• Factory cost: £25,000 (converted to local currency) 
• Calculate final price in each market 
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4.3.4. Profitability and CO₂ Impact Modelling Parameters 
Table 21 Profitability and CO₂ Impact Modelling Parameters 

Analysis Area Parameter/Metric Value/Assumption Notes 

Profitability 
Analysis 

Fixed Costs £100 million Tooling, R&D, upfront 
investment 

Margin per Car £5,000 Calculated at £25k factory cost, 
£30k net wholesale 

Breakeven Volume Fixed Costs / Margin 
per unit 

Units needed to cover fixed 
costs 

CO₂ Impact 
Modelling 

ICE Emissions 170 g CO₂/km Internal Combustion Engine 
average 

EV Emissions (UK grid) 45 g CO₂/km Based on UK electricity 
generation mix 

Annual Distance 15,000 km Typical annual vehicle mileage 

EV Adoption Curve Number of cars sold at 
different price points 

Modelled as sales increase as 
EV prices decrease 

 

4.3.5. Strategic Takeaways and Recommendations for EV Cost Modelling 
 

Key Takeaway / 
Recommendation Description / Strategic Insight 

Model Validation The model aligns with leading industry benchmarks for battery, motor, and 
total EV costs, boosting confidence in its assumptions. 

Battery Cost as 
Affordability Lever 

Declining battery costs are the primary driver for making EVs more 
affordable; ongoing innovation and scaling are vital. 

Importance of Regional 
Policy 

Focusing on low-tax, incentive-rich markets can increase both adoption 
rates and profitability. 

EV TCO vs. ICE As battery prices fall, EVs will soon match or undercut ICEs in total cost 
of ownership; marketing should emphasize this shift. 

Scale & Cost Control for 
Profitability 

Achieving sales volume targets and maintaining control over fixed costs 
are crucial for long-term business sustainability. 

CO₂ & Climate Advantage As adoption rises and costs drop, the environmental benefits of EVs will 
increase supporting regulatory and societal goals. 
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Now that we have identified the major cost drivers and quantified the baseline costs, we turn our attention to 
EV cost reduction strategies in design, manufacturing, and the supply chain. Cost reduction needs to be 
approached from multiple angles. We'll discuss the application of two specific analysis tools ,the KANO 
model and Design for Manufacturing (DFM) and other applicable techniques like platform standardization, 
value engineering, and supply chain optimization. Its purpose is to find ways to remove or avoid costs that do 
not affect customer value or quality. 

5.1. Applying the KANO Model for Cost-Effective Feature Design 
The KANO model is a product development model that classifies features according to customer satisfaction: 
Basic (Must-have), Performance (more is better), and Excitement (surprise delights that customers do not 
anticipate)linkedin.com. Although historically applied to feature prioritization for customer satisfaction, the 
KANO model can also guide cost reduction by pointing out over-engineered features (cost added without 
corresponding customer benefit). It simply prevents wasteful expenditure on features that will not really raise 
market attractiveness. 
In an EV environment, we use KANO analysis to ask: what are customers actually needed, and how do we 
save cost? For example: 
 

 
Figure 10 KANO Model Matrix For EV Features: This Model 
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Feature / 
Attribute KANO Category Customer Expectation Example for “This Model” Cost Control Implication Action from Analysis 

Adequate Range 
(~200 miles) Basic (Must-have) Expected, required 60 kWh battery, 200-mi range Meet minimum range, avoid 

oversizing battery Optimize battery size 

Safety Features Basic (Must-have) Expected, required Airbags, stability, crash sys 
Must meet standard, cost-optimize 
where possible Meet spec, cost-reduce 

Functional 
Charging System Basic (Must-have) Expected, required 400V charging 

Do not “over-voltage” unless 
market justifies Avoid overengineering 

Reliability Basic (Must-have) Expected, required Proven components No unnecessary complexity Proven tech only 

Extended Range 
(>250 mi) Performance More = better Larger battery (>60 kWh) 

Evaluate market willingness-to-
pay, avoid excess Cost/benefit test 

Acceleration Performance More = better Dual-motor AWD option 
Offer only if market values, not 
standard Option, not base 

Charging Speed Performance More = better 150 kW fast charge 
Only as fast as customers value 
(e.g., 400V vs 800V) Right-size speed 

Infotainment 
Quality Performance More = better Large screen, premium UI Balance cost vs. perceived value Balance investment 

Vehicle-to-Load 
Output Excitement/Delighter Unexpected, nice-to-have Power household devices 

Offer as upgrade or higher trim, 
not standard Optional feature 

Advanced 
Autonomy Excitement/Delighter Unexpected, nice-to-have Self-driving hardware 

Option or upgradable later, not 
standard High trims/option 

Premium 
Audio/Lux 
Features Excitement/Delighter Unexpected, nice-to-have Premium sound, fancy doors 

Use design/software where 
possible, avoid expensive 
hardware Creative approach 

Engine Sound 
Generator Indifferent/Reverse Unwanted/annoying Fake sound for pedestrians 

Remove or make optional, don’t 
standardize Eliminate/reduce 

Unnecessary 
Gadgets Indifferent/Reverse Not valued Unneeded displays, gimmicks Remove, cut cost Remove, cut cost 

 
Table 22 KANO Model Data Table for “This Model”
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Engineering Cost Focus by KANO Category 

This bar chart shows how engineering and cost-reduction efforts should be distributed for “This Model,” as 
recommended by the KANO analysis: 

• Basic (Must-have): 40% of cost control must meet expectations efficiently. 
• Performance: 30% balance extra satisfaction vs. cost, focus on value. 
• Excitement/Delighter: 15% innovate creatively, offer as options, avoid high cost. 
• Indifferent/Reverse: 15% actively eliminate or reduce to save cost. 

 

Chart 7 Recommended Cost Focus By KANO Category (This Model - % Engineering Attention/Cost Control) 

Summary of Findings According to the KANO Model 

Basic capability should be provided as inexpensively as possible don't "gold plate" (unnecessary spending 
for extra range, over-spaced charging if not valued). 

• Performance attributes need to be scrutinized for customer willingness-to-pay; increases in cost must 
be substantiated by actual satisfaction or market gain, not assumption. 

• Excitement features can help to differentiate the product but do not justify high costs if they are 
routine. Use as options or find creative/low-cost solutions. 

• Indifferent/reverse attributes are pure waste; identify and remove or reduce to the level possible (e.g., 
unnecessary sound generators or duplicate gadgets). 

KANO analysis in this project yielded cost savings through the concentration of engineering effort and 
investment on what truly delivers customer value preventing over-engineering and streamlining cost-to-
value. 

5.2. Design for Manufacturing (DFM) and Assembly (DFA) 
Design for Manufacturing (DFM) is a disciplined approach to product engineering such that products are easy 
(and therefore cheaper) to manufacture. Closely related to this is Design for Assembly (DFA) designing 
products to assemble more easily and rapidly. Using DFM/DFA can save a tremendous amount of money in 



 

 36 

production by eliminating unnecessary complexity, reducing part quantities, and preventing costly process 
issues. In the design of the electric vehicle, using DFM/DFA entailed several strategies:  
 

5.2.1. Structured DFM/DFA Data Model 
Table 23 Structured DFM/DFA Data Model 

DFM/DFA 
Principle EV Application Example Quantitative/Cost 

Impact Resulting Benefits 

Part Count 
Reduction & 
Integration 

Motor + inverter + gearbox in 
one housing; integrated power 
electronics 

Fewer parts, fasteners 
eliminated 

Fewer assembly 
steps, less inventory, 
lower cost 

Structural 
Integration 

Battery pack doubles as vehicle 
structure 

Less material & fewer 
brackets 

Reduces weight, 
saves material & 
labour 

Standardization 
Use standard connectors, cells 
(2170/prismatic), common 
fasteners 

Leverage volume 
pricing 

Lower cost, 
simplified 
procurement 

Modularity Battery assembled as modules, 
installed as one unit Quicker line assembly Flexibility, easier 

assembly, repair 

Assembly 
Simplification 

Top-down assembly, fewer 
makeovers 

Reduces assembly 
labour hours Faster, fewer errors 

Process 
Simplification 

Cooling plate vs. complex 
coolant tubes; select easy-to-
manufacture materials 

Avoids costly 
processes, errors 

Lower scrap, fewer 
leaks 

Design for 
Testability 

Easy test points for battery & 
powertrain Faults detected early Prevents expensive 

late rework 

Early Manufacturing 
Involvement 

Manufacturing engineers in early 
design 

Avoided late-stage 
design changes 

Lower tooling rework 
cost, fewer launch 
delays 

Electronic Module 
Consolidation Fewer ECUs, more integration Saved on hardware 

and wiring 
Lower BOM cost, 
less assembly time 

Warranty Cost 
Reduction Simpler, robust design Warranty from 2% to 

1.5% of cost 
Direct ongoing cost 
savings 

Labor Hour 
Reduction 

DFA: from 20 to 15 labour 
hours/car 

£200 saved per car (at 
£40/hr) 

Substantial per-unit 
savings 
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5.2.2. Cost Savings Breakdown from 
DFM/DFA Initiatives 

Based on the narrative, that labour is the biggest 
single improvement (40%), parts/materials next 
(25%), warranty/quality (15%), procurement 
(10%), and tooling/scrap (10%). 

 

Chart 8 DFM/DFA Cost Savings Breakdown (This Model EV) 

5.2.3. Assembly Labour Hours Before vs 
After DFM/DFA 

 
Chart 9 Assembly Labor Hours Per Vehicle: Impact Of DFM/DFA 

 

This bar chart clearly demonstrates the assembly 
labour reduction: 

• Before DFM/DFA: 20 hours per car 
• After DFM/DFA: 15 hours per car 

Result: 
That’s a savings of 5 hours per car, translating to £200 saved per unit at £40/hour directly improving 
profit margin. 

5.2.4. Summary Table: Key DFM/DFA Impacts for “This Model” 
Table 24 Key DFM/DFA Impacts for “This Model” 

Area Initial 
Design 

DFM/DFA Enhanced 
Design Savings/Improvement 

Assembly labour hours/car 20 15 5 hours (£200/unit) 

Fastener count High Lowered Faster, less labour, less 
cost 

Warranty cost provision 2.0% 1.5% Lower expected warranty 
Parts/Module count Higher Lower (more integration) Less procurement, faster 
Time to assemble battery Moderate Faster (modular install) Quicker, less risk 
Complexity of cooling High Lower (cooling plate) Less assembly, fewer leaks 
Standardized parts Limited High Volume price benefits 
Need for rework/late 
change Higher risk Lower risk Smoother launch 
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Note: All cost analytics and model in this project were carried out using SEER-H 7.0 by galorath, Python with 
the pandas and matplotlib libraries. This approach provides flexibility, transparency, and repeatability 
enabling robust analysis of any cost scenario, simulation of what-if changes, and production of professional-
grade visual outputs. As industry-agnostic tools, pandas and matplotlib are widely used for data analytics and 
reporting in fields ranging from automotive and manufacturing to finance and science, ensuring reliable and 
insightful results for complex analytical projects. Read the Appendix for more detail about pandas and 
matplotlib. 
 

 
Quantitative Summary of Cost Savings 
 
Our analysis identifies several key areas of cost saving for electric vehicles, quantified as follows: 
 
Kano Optimization: Elimination or minimization of features with low customer value (e.g., excess range or 
performance) saved approximately £3,000 per vehicle. 
DFM/DFA: Reduced manufacturing and assembly complexity realized over £1,000 savings per vehicle (parts 
and labour). 
Platform/Reuse: Sharing platforms and components across models between vehicles saved between £1,500–
£3,000 per vehicle, depending on volume. 
 
Supply Chain and Value Engineering: Design simplification and negotiations with suppliers yielded an 
additional £500–£1,000 cost reduction on purchased components. 
 
Warranty and Quality Improvements: Increased reliability reduced the expected warranty and rework cost 
by approximately £200 per vehicle. 
 
Cumulatively, these activities yield a total potential cost saving of £5,000–£8,000 per vehicle over a 
conventional design and process. This level of saving can be vital transforming potential losses into profit, or 
enabling a price of £35,000 rather than £40,000, significantly improving market competitiveness. 
 
Our report explains each measure's specific role in narrowing the cost gap between EVs and conventional 
vehicles. Having identified and estimated these savings, later sections will detail their impact in a UK-specific 
life-cycle cost analysis (Section 4.3.2), illustrate the broader economic case for EV adoption after 
optimization. 

 
 
1.Battery Pack Cost Projection (Exponential Decline) 

To project battery pack cost over time with a constant annual reduction: 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦	𝐶𝑜𝑠𝑡! = 	𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝐶𝑜𝑠𝑡	 × (1	 − 	𝑟){(!	%	!!)} 

Where: 

• Battery Cost y  Battery Cost y = Cost in year y 
• Initial Cost y Initial Cost = Starting battery pack cost (e.g., £7,000 in 2024) 
• r = Annual reduction rate (e.g., 0.07 for 7%) 
• y0y0 = Base year (e.g., 2024) 
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2. Final Selling Price Including Margin and Tax 
 
𝑆𝑒𝑙𝑙𝑖𝑛𝑔	𝑃𝑟𝑖𝑐𝑒	 = 	𝐹𝑎𝑐𝑡𝑜𝑟𝑦	𝐶𝑜𝑠𝑡	 × (1	 + 	𝑀𝑎𝑟𝑔𝑖𝑛) × (1	 + 	𝑇𝑎𝑥	𝑅𝑎𝑡𝑒) 

Where: 

• Factory Cost Factory Cost = Vehicle manufacturing cost before margin and tax 
• Margin = Manufacturer profit margin (as a decimal, e.g., 0.25 for 25%) 
• Tax Rate Tax Rate = VAT or sales tax (as a decimal, e.g., 0.20 for 20%) 

3. Regional Price Adjustment with Tariffs and Taxes 
 
𝐹𝑖𝑛𝑎𝑙	𝑃𝑟𝑖𝑐𝑒{()*+,-} = 	𝐹𝑎𝑐𝑡𝑜𝑟𝑦	𝐶𝑜𝑠𝑡	 × (1	 + 	𝑇𝑎𝑟𝑖𝑓𝑓) × (1	 + 	𝑆𝑎𝑙𝑒𝑠	𝑇𝑎𝑥) 

Where: 

• Tariff = Import tariff rate for the region 
• Sales Tax Sales Tax = Regional VAT or sales tax rate 

4. Sensitivity Analysis for Feature Cost Changes 
 
𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑	𝐹𝑎𝑐𝑡𝑜𝑟𝑦	𝐶𝑜𝑠𝑡	 = 	𝐵𝑎𝑠𝑒	𝐹𝑎𝑐𝑡𝑜𝑟𝑦	𝐶𝑜𝑠𝑡	 + 	Δ𝐹𝑒𝑎𝑡𝑢𝑟𝑒	𝐶𝑜𝑠𝑡 
 
𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑	𝑆𝑒𝑙𝑙𝑖𝑛𝑔	𝑃𝑟𝑖𝑐𝑒	 = 	𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑	𝐹𝑎𝑐𝑡𝑜𝑟𝑦	𝐶𝑜𝑠𝑡	 × (1	 + 	𝑀𝑎𝑟𝑔𝑖𝑛) 

Where: 

• Δ Feature Cost Δ Feature Cost = Increase or decrease in battery, motor, or other subsystem cost 

5. Total Cost of Ownership (TCO) over a Period 

𝑇𝐶𝑂. = 	𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒	𝑃𝑟𝑖𝑐𝑒	 +	G
𝐴𝑛𝑛𝑢𝑎𝑙	𝐹𝑢𝑒𝑙
𝐸𝑛𝑒𝑟𝑔𝑦	𝐶𝑜𝑠𝑡 × 𝑁J +	

(𝐴𝑛𝑛𝑢𝑎𝑙	𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒	𝐶𝑜𝑠𝑡	 × 𝑁)

+	G
𝐴𝑛𝑛𝑢𝑎𝑙	𝑇𝑎𝑥𝑒𝑠

𝐹𝑒𝑒𝑠 × 𝑁J + 	𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 

Where: 

• NN = Number of years 
• Depreciation=Purchase Price×Depreciation RateDepreciation=Purchase Price×Depreciation Rate 

6. Assembly Labor Cost Savings 

𝐿𝑎𝑏𝑜𝑟	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑝𝑒𝑟	𝑉𝑒ℎ𝑖𝑐𝑙𝑒	 = 	 Q𝐿𝑎𝑏𝑜𝑟	𝐻𝑜𝑢𝑟𝑠{/)0,()} − 	𝐿𝑎𝑏𝑜𝑟	𝐻𝑜𝑢𝑟𝑠{102)(}S × 𝐿𝑎𝑏𝑜𝑟	𝑅𝑎𝑡𝑒 

Where: 

• Labor Hours before Labor Hours before = Assembly time before DFM/DFA improvements 
• Labor Hours after Labor Hours after = Assembly time after improvements 
• Labor Rate Labor Rate = Cost per labour hour 
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7. Breakeven Volume for Investment 

𝐵𝑟𝑒𝑎𝑘𝑒𝑣𝑒𝑛	𝑉𝑜𝑙𝑢𝑚𝑒	 =	\𝑓𝑟𝑎𝑐{𝑇𝑜𝑡𝑎𝑙	𝐹𝑖𝑥𝑒𝑑	𝐶𝑜𝑠𝑡𝑠}{𝑀𝑎𝑟𝑔𝑖𝑛	𝑝𝑒𝑟	𝑉𝑒ℎ𝑖𝑐𝑙𝑒} 

Where: 

• Total Fixed Costs Total Fixed Costs = R&D, tooling, and other startup investments 
• Margin per Vehicle Margin per Vehicle = Selling price minus factory cost per vehicle 

8. CO₂ Emissions Savings (Annual, per Vehicle) 
 
𝐶𝑂3	415)6	7)(	8)1( =	Y𝐶𝑂3

{9:;} − 	𝐶𝑂3
{;<}Z × 𝐴𝑛𝑛𝑢𝑎𝑙	𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

Where: 

• CO2ICECO2ICE = CO₂ emissions per km for the internal combustion engine (ICE) vehicle 
• CO2EVCO2EV = CO₂ emissions per km for the electric vehicle (including grid electricity source) 
• Annual Distance Annual Distance = Typical annual driving distance (in km or miles, as appropriate) 

9. Percentage Cost Reduction 
 
𝐶𝑜𝑠𝑡	𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛	(\%) =	\𝑓𝑟𝑎𝑐{𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙	𝐶𝑜𝑠𝑡	 − 	𝑁𝑒𝑤	𝐶𝑜𝑠𝑡}{𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙	𝐶𝑜𝑠𝑡} × 100\% 
 
 

 
For readers seeking a deeper understanding of the tools powering this analysis: 

• pandas is a powerful open-source Python library for data manipulation and analysis. It enables 
efficient handling of tabular data, similar to spreadsheets, but with much greater analytical flexibility. 
Learn more at the official site:  https://pandas.pydata.org/ 

• matplotlib is the standard Python plotting library, widely used for generating high-quality charts and 
graphs. It supports a wide range of visualization types, including bar, line, pie, and scatter plots making 
it ideal for custom data visualizations in cost modelling and analytics. 
Explore the documentation: https://matplotlib.org/ 
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Student Self-reflection on performance 
 
Describe how you have used AT LEAST ONE of the following sources of information to 
improve this piece of work: 
1.) (PREFERRED) Feedback from previous assignment(s). This can be from the same 
module or from a previous module or previous year of study (e.g. comments from 1st year lab 
formal reports should be used to help improve your 2nd year lab formal reports). 

2.) The marking criteria or rubric provided for this assignment. 
3.) The Department Technical Writing Handbook for Students. 

The Department Technical Writing Handbook for Students. 

Are there any aspects of this work that you would specifically like the marker to comment/or 
advise on? For example: “I wasn’t sure if my figure formatting looked professional and would 
appreciate feedback on this aspect” 

 

 
 
 
 

 
 

IMPORTANT DECLARATIONS AND REQUIREMENTS 
 
 
Group Declaration: 
We confirm that: 
 

• All factors are fairly awarded 
• Required documentation is attached 
• All members had opportunity to contribute 
• Professional conduct was maintained 
• University procedures were followed 

 
Signatures of ALL Group Members: 

1. Name: Jagathguru Pazhanivel                          ID:249057008 Signature:     Date: 28/04/2025 

2. Name: Poojitha Mandla                                   ID: 249056065 Signature:   Date: 28/04/2025 

3. Name: Yazhini Rajakumar                              ID: 249054835  Signature          Date: 28/04/2025 

4. Name: Nijanthan Udayakumar                        ID: 249055249 Signature:       Date: 28/04/2025 
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5. Name: Sadha Aravindh Anbu Cheliyan          ID: 249055492 Signature:    Date: 28/04/2025 

4. Name: Fregin Sherofer Francis                       ID: 249050172 Signature:   Date: 28/04/2025 
 
 
 
Module Convenor Use Only: 

• Documentation Complete 
• Factors Verified 
• Procedures Followed 
• Approval Granted 
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Title: Peer Review and Individual Effort Factors 

Group: New Group 5 
 

Date assessed: 28/04/2025 

Group Member 
and Student ID 

Factor Feedback 
Group will need to provide a brief 
justification for the weighting 
factors awarded. 

Signature 
0.00 ≤ X ≤ 1.10 

Jagathguru 
Pazhanivel 
249057008 

1.10 

Assumed the leadership role, 
effectively coordinating meetings, 
ensuring timely progress, and 
maintaining high-quality 
standards across all sections. Their 
proactive problem-solving and 
outstanding communication 
significantly contributed to the 
project's success. Given these 
additional responsibilities, a 
higher weighting of 1.10 is 
justified. 

 

Poojitha Mandla 
249056065 1.10 

Carried out the value stream 
mapping and waste analysis, 
uncovering significant 
inefficiencies that informed the 
subsequent implementation 
proposal.	  

 

Yazhini 
Rajakumar  
249054835 

1.10 

Conducted a comprehensive 
literature review, integrating 
recent sources that grounded the 
analysis in real-world 
evidence. Their work was pivotal 
in providing a strong academic 
foundation for the report. 

 

Nijanthan 
Udayakumar 
249055249 

1.10 

Developed a tailored 
implementation proposal, 
detailing the integration of Lean 
methods with smart technologies 
to address identified 
inefficiencies. 

 

Aravindh Anbu 
Cheliyan          

249055492 

 
1.10 

Quantified	the	benefits	of	the	
proposed	changes,	including	
improvements	in	throughput,	
quality,	and	agility  

Fregin Sherofer 
Francis                       

249050172 
1.10 

Identified	potential	risks	and	
outlined	comprehensive	
mitigation	strategies,	ensuring	
the	proposal's	feasibility	and	
sustainability.  

 
 


