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Zafar, s., 2022: Investigating the replacement of old passenger cars with modern less emission intensive cars in 

Sweden using Total Cost of Ownership approach. Master thesis in Sustainable Development at Uppsala University, 

No. 2022/21, 41 pp, 30 ECTS/hp   

Abstract: 

Purpose. In Sweden, private commuting accounts for two third of total transportation emissions and 21% of the 

country’s total. To become net-zero by 2045, Sweden plans to have 2 million electric cars on the roads by 2030. 

Whereas with current pace, there will be 1 million electric cars by the end of the decade. Cars registered before 

2016 (referred to as old cars in the study) make up nearly half of the Swedish car fleet. Thus, replacing the old 

emission intensive cars with the modern lower or zero emission cars will catalyze the decarbonization of 

Swedish transport sector. Therefore, the purpose of this study is to probe if it is economical to keep using an 

old car in the future or to replace it with a new one. Methods. This study first compares the next 13-year Total 

Cost of Ownership (TCO) of old V70 (having current milage 200 ,000 km) with that of new replacement cars. 

The (selected) replacement are the most registered modern-day cars in Sweden by fuel type having same size 

as that of V70: V60 (ICE), V60 (PHEV) and Tesla Model 3 (BEV). Moreover, using TCO framework, the study 

also estimates if the replacement is more economical now or sometime in the future with either new replacement 

cars or their (4-year) used models. Results. The results show that for next 13-years in Sweden, it is more 

economical to replace the old V70 with any of the replacement cars. However, Tesla Model 3 is the cheapest 

option among the new cars and V60 (PHEV) among the used cars. Overall, it is more economical to replace 

with a used car. In addition, the replacement is most economical if done immediately (in 2022) and gets  more 

expensive by each year of delay- because the owner will have to incur relatively higher V70 costs (vis-à-vis the 

replacement cars) for an additional year. Sensitivity analysis shows that with higher current salvage value, a 

V70 gets more expensive to own in next 13 years (due to higher depreciation) whereas the replacement becomes 

cheaper (utilizing higher salvage value to buy the replacement car). Discussion. The study can be expanded to 

suggest economical and emission efficient replacement options for other old cars to accelerate the 

decarbonization of Swedish private transport sector. Furthermore, this study was done in collaboration with 

Mekonomen Group to see the financial worth of old ICE car replacement by its customers. The study results 

reinforce the group’s diversification strategy from ICE cars-oriented business model to BEVs as the top focus. 

Finally, this study is based on the assumption that the total number of cars in Sweden will not increase in future- 

the old gets replaced by the new. Therefore, from a holistic perspective, the study discusses that a sustainable 

transportation model should move away from private ownership towards shared mobility to avoid the rebound 

effects of technological efficiency that increase the overall resource consumption. 

Keywords: Sustainable Development, Total Cost of Ownership (TCO), Lifecycle Cost Analysis (LCCA), Net-

zero Mobility, ICE cars, EV Transition 

Shahab Zafar, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 
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Sweden using Total Cost of Ownership approach. Master thesis in Sustainable Development at Uppsala 
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Summary: This study is inspired by the urgent and ongoing energy transition as part of the climate action. Transport 

sector contributes a hefty share in global Greenhouse Gas (GHG) emissions. Particularly in Sweden, private transport 

that includes daily commuting to work and schools etc. make up 21% of country’s total emissions. Sweden aims to 

become fossil free society by 2045 and the zeal for the endeavor can be felt everywhere in the society- from government 

sector to businesses and local marketplaces. In such times, one way to decarbonize transport sector can be replacing the 

old emissions intensive cars with more emission efficient modern cars, especially when the former constitute nearly half 

of Swedish car fleet. Most of the old car owners may want to shift to a new car but apparently, it seems an expensive 

decision. The old car considered in this study is V70 (2.4 liter 170-180hp Petrol) and the replacement cars are V60 

(ICE), V60 (PHEV) and Tesla Model 3. This study probes that if it is economical to make this switch by using Total 

Cost of Ownership (TCO) approach. Individual cost components of TCO includes depreciation, fuel, insurance, 

maintenance and repairs, taxes, Cost of Capital (CoC) on the amount lent from a financial institution to buy the new car. 

Moreover, TCO also accounts the salvage value (earnings). In case of replacement, salvage value of V70 is considered 

at the time of replacement and that of the replacement car at its end of life (after 13 years of ownership). In case if the 

replacement is done immediately (in 2022), the study sums all the cash outflows and inflows during next 13 years to 

compare TCO of V70 (having current milage 200,000 km) with that of the replacement cars. The study found that during 

next 13 years V70 will be the most expensive car to own whereas the cheapest brand-new replacement car would be Tesla 

model 3 followed by V60 (PHEV) and V60 (ICE). Whereas the replacement will be more economical if done with 4-

year used models of the replacement cars. Among used cars, V60 (PHEV) is the cheapest option followed by Tesla Model 

3 and V60 (ICE). Additionally, the delay in the replacement will be more expensive by each year because the owner will 

have to incur relatively higher V70 costs (vis-à-vis the replacement cars) for an additional year. Thus, the study suggests 

the old V70 owners to switch to emission efficient cars as the future ownership of V70 is neither good for the environment 

nor for the pocket. 

Keywords: Sustainable Development, Total Cost of Ownership (TCO), Lifecycle Cost Analysis (LCCA), Net-

zero Mobility, ICE cars, EV Transition 
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1 Introduction 

1.1 Background 

1.1.1 Economic Cost of Sustainability Transition  

Pace of climate action in the recent decade will determine the status of global warming by the end of 

the century. Sustainability transition thus refers to the achieving zero greenhouse gas (GHG) emissions 

from current fossil dependent socioeconomic systems: food, energy, transportation and construction 

etc. (EEA, 2022).  Aligned with Paris Agreement, European Union (EU) has set an ambitious target 

to be a net-zero greenhouse gas (GHG) emitter by 2050 (EC, 2021a). However, a significant share of 

emission reduction has to be achieved by 2030 (55% reduction compared to 1990) (EC, 2021d). A 

recent study found that fossil fuels account for 80% emissions from all sectors in EU including 

transportation, buildings, agriculture, industry and power (McKinsey & Company, 2020); 

necessitating a major overhaul of EU’s economy to achieve fossil-independence by 2050. Thereby, it 

becomes imperative to consider the cost of EU’s dearly sought ambition- decoupling economic activity 

from global warming (EC Presidency, 2020). In an estimated scenario by McKinsey and Company, 

Europe needs to invest € 28 trillion in next thirty years to realize its 2050 net-zero target on minimum 

costs (2020). As part of its post-Covid recovery strategy EU has spent 40 % of total recovery fund (€ 

723 billion) in climate-related measures. These upfront investments in the name of recovery fund aim 

to mature green technologies: making them cost competitive with fossil fuel counterparts and 

simultaneously creating 'green jobs’ (EC, 2021b). For instance, $2.6 trillion investment during last 

decade to scale-up renewable energy has declined the cost to the extent that in 2019 it was cheaper to 

produce electricity from new renewables than any new coal plant- 82% cost reductions in solar 

photovoltaics and 40% in on-shore wind farms (UNEP, 2019; IRENA, 2020; Roser, 2021). 

Subsequently, cost competitive clean technologies stimulate consumer demand that further lowers the 

associated costs using the principle of economies of scale. Notably, during the last decade global 

passenger electric car (EV) stock has increased from less than a million to 10 million which has 

brought down per kwh cost of lithium-ion batteries from $1,200 in 2010 to $137 in 2020 (Frith, 2021; 

IEA, 2021a).  

1.1.2 Relevance of Cost in Mobility Sector Transition 

Mobility sector contributes a hefty amount of GHG emissions (Ritchie and Roser, 2016). Thus, EU 

has allocated more RRF (Recovery and Resilience Facility) funding to ‘sustainable mobility’ policy 

area than any other as it is identified to have most potential for achieving EU’s climate objectives and 

green transition (EC, 2021c). In addition, national incentives have also contributed to increased EV 

sales (IEA, 2021b). For instance, in Sweden, a fully electric car (BEV) owner gets up-to SEK 70,000 

purchase subsidy along with reduced annual tax of SEK 360 compared to average SEK 1,760 for 

Internal Combustion Engine (ICE) cars (EAFO, 2021; Transportstyrelsen, 2022b). Some countries 

even used pandemic stimulus to propel the transition from ICE to EV- Germany increasing purchase 

subsidy from € 6,000 to € 9,000 (IEA, 2021b). Consequently, 2020 observed 40% increased sales of 

EVs compared to 2019 (ibid.). On the other hand, emissions from ICE cars have reduced significantly 

due to gradual stringent regulations during the last decade- from 175 gCO2/km to 120 gCO2/km (Tietge 

et al., 2021). Moreover, European Commission (EC) proposed even ambitious emission target for ICE- 

43 g/km by 2030 and 0 g/km by 2035 (ibid.). Tighter emissions standards are making electric vehicles 

(EV) more price competitive vis-à-vis ICE vehicles i.e., pushing the limits to reduce emissions  from 

ICE is getting expansive than ever (Campbell and Miller, 2021; IEA, 2021b). These dual policy 

measures effectively stimulated consumer behavior so much so that global consumer spending during 

2015-2020 on EVs increased from $18 billion to $118 billion whereas governmental spending just 

grew from $5 billion to $14 billion (IEA, 2021a). Furthermore, leading car manufacturers have made 
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bold pledges regarding EV production. Notably, Volvo Cars is aiming to sell 50% EVs by 2025 and 

100% by 2030 whereas BMW targets seven million EV units (fully electric and plug-in hybrids) to be 

sold by 2030 (BMW, 2020; Volvo Cars, 2021b).  

1.2 Problem Statement: Catalyzing the Decarbonization of 

Swedish Car Fleet 

Sweden aims to have 2 million EVs (i.e., PHEV and BEV) on the road by 2030 and nearly 5 million 

by 2045. The latter is equivalent to today’s total registered passenger cars and the current share of 

chargeable cars is 8% (0.4 million) (Statistics Sweden, 2022; Swedish Climate Policy Council, 2022) . 

It seems realistic that number of cars will increase in future, but Transport Analysis’s long -term 

prediction assumes that the passenger vehicle stock may decrease because of schemes like car sharing 

or taxing (Transport Analysis, 2017). So, in a case wherein 5 million cars remain constant, current 

fossil fuel cars need to be replaced by the newer and cleaner electric cars at rapid pace to meet 2030 

milestone- 177,777 EVs are to be added each year from now.  

Though, recent sales trends of EVs and commitments being made by governments and the industry 

are remarkable, but fossil fuel cars sales still dominate the  global market. In 2020, 37% petrol, 22% 

diesel, 22.5% PHEV and 9.5% BEV were registered in Sweden (Tietge et al., 2021). However, the 

country progressed significantly in last 2 years favoring BEVs: total share of EVs in new registrations 

was 28% during February 2021 to February 2022 (91,114 out of 321,301 registrations) of which 

PHEVs and BEVs accounted for 26.5% and 73.5% respectively (Bilsweden, 2022a). Sweden is paving 

the way for complete electrification of the passenger car fleet. However, despite significant 

improvement, the transition pace is less than the required (91,114 registrations compare to 177,777 

required per year).  

A major hurdle in this transition is the price of EVs. Purchasing a BEV is still expansive than an 

equivalent ICE car in Sweden. However, comparing the Total Cost of Ownership (TCO) of the both - 

cost of purchasing, fuel and maintenance costs, taxes and insurances- makes EV costs competitive to 

ICE cars (Thielmann et al., 2020). Therefore, as a first step, making TCO available to a customer is 

of utmost importance to stimulate choice for an EV (either PHEV or BEV). This is especially true 

when persuading someone who is currently driving a fossil fuel car to replace it with  a newer and 

efficient one. In Sweden, cars registered before 2016 (hereafter, old cars) make up-to 50% of total 

registered car fleet and are mostly powered by ICE (Carinfo, 2022a). Therefore, it is of immense 

importance to provide an economic decision base to old car owners to shift to a newer car with less or 

zero CO2 emissions; doing so by providing transparent cost information against the ownership period 

of both current and potential replacement cars. If TCO of EVs turn out to be less than that of ICE then 

this work will not only help in catalyzing the transition but subsequently, utilizing the princ iple of 

economies of scale, increased demand will help reduce associated costs of EVs (especially purchasing 

cost). Bloomberg predicts similar trend: falling battery prices and stronger regulatory policies favoring 

EVs will help reach price parity vis-à-vis ICE cars by 2025 (BloombergNEF, 2022b). 

1.3 Objective 

This study aims to calculate TCO of an old ICE car (V70) and potential replacement cars of similar 

size; V60 (ICE), V60 (PHEV) and Tesla Model 3 (BEV) in Sweden. V70 is selected because it is the 

most registered old car in Sweden (see section 3.1.1). The choice of the old car thus dictated the choice 

of the replacement cars; similar size as of V70 powered by only gasoline, electricity or both. Individual 

cost elements considered for TCO calculation are depreciation, insurance, maintenance and repair, 

taxes, fuel costs, cost of capital (CoC) and salvage value. The analysis of net cashflow adjusted to 

present value of money over next 13-years lifespan of each vehicle (15,000 km/year) will suggest if it 

is more economical to keep using the old V70 or to replace it with the cheapest option among the 

replacement cars. Moreover, how much TCO differs if the replacement is done with the used models 
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of the replacement cars. Lastly, when replacement of the old car with either new or used replacement 

cars will be more economical, now or after some time in the future- quantifying savings or additional 

cost in case of delayed replacement. 

The study is done in collaboration with Mekonomen Group (MG). Mekonomen Group is the leading after-

market service provider for cars in the Nordic market. Previously, ICE cars were at the core of group’s 

business but now foreseeing the imminent transition of automotive industry from fossil fuel to electricity, the 

group has made BEV as its top priority. The group aims to enable mobility irrespective of drivetrain or fuel 

of the future. So, this study will help MG understand the financial impact for its customers when they replace 

their old ICE car with a modern emission efficient car. Hence, knowing if ICE cars are cheaper to own in 

next 13 years or if the replacement is more economical (now or after some time in future) will help MG 

suggest its customers to either keep using their old car or when to replace it with the most economic option. 

1.4 Research Questions 

Following are the research questions of this study 

• Based on TCO, is it economical to keep using an emissions intensive old car (V70) for 

additional 200,000 km in next 13 years or replace it with lower or zero emissions similar sized 

new cars in Sweden? 

• How does the replacement decision change if the old V70 is replaced by a 4-year used model 

of the replacement cars? 

• How does delaying the replacement affect the decision- is the replacement more economical 

now or in future?  
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2 Literature Review 

2.1 Swedish Plans to Decarbonize Transport Sector 

Climate action is undoubtedly a forefront priority in Swedish policy spheres. Swedish Climate Act, 

passed in 2018, states that the climate policy must be built on specific targets and outline a framework 

to meet them. Therefore, milestone emissions reduction targets are set to make Sweden net-zero by 

2045: 40% reduction compared to 1990 GHG levels by 2020, 63% by 2030, 75% by 2040 and 85% by 

2045. The rest 15% are to be curbed by supplementary measures like carbon sequestration and 

offsetting (Naturvårdsverket, 2022c).  

Transport accounts for nearly one third of Sweden’s territorial emissions, making it the most 

prioritized sector- with more policy measures than any other (Ministry of the Environment, 2020). 

Transport sector emissions have soared from 1990 to 2007 but since then, decreased gradually because 

of efficient technologies and biofuels (ibid.). By 2018, road transport accounted for 92% of total 

transportation emissions whereas cumulative emissions from marine transportation, aviation and trains 

were 8% (ibid.). Furthermore, since 2014, 2.7 million passenger cars have been registered vis -à-vis 

0.42 million light-duty and heavy-duty trucks combined (Bilsweden, 2022a). Hence, in terms of 

emissions, private cars contribute to two-third of transportation emissions (Swedish Climate Policy 

Council, 2022). Cleaning private transportation (cars) is to be achieved by three main policy pillars: 

transport efficient society, energy efficient technologies and shift to renewable fuels (ibid.) .  

The first pillar (transport efficient society) refers to efficient use of transportation means like route 

and freight optimization to save fuel and avoid congestions. In addition, urban planning also has a key 

long-term role in building a transport efficient society (Ministry of the Environment, 2020). The 

second pillar (energy efficient technologies) refers to improving the efficiency of combustion engines 

in manufacturing phase and choosing more efficient alternatives at customer’s end. These two pillars 

aim to curb 40% of total emissions from private cars. The rest 60% will be removed by the third pillar , 

switching to renewable fuels. Almost 90% of the third pillar constitutes electrification of passenger 

car fleet whereas, only 10% accounts for increasing renewable proportion in petrol and diesel (Swedish 

Climate Policy Council, 2022). Swedish long-term strategy of GHG emissions reduction states that 

the pace of transition by 2030 will determine the progress by 2045. Thereby, it sets the electrification 

of Swedish car fleet an immediate priority (Ministry of the Environment, 2020). 

Other policy measures are also in-place to support 2030 and 2045 milestones: CO2 based vehicle tax, 

additional fuel charge and additional environmental charge on diesel cars (included in annual tax), 

obligatory emissions reduction in newer ICE car models, obligatory emissions reduction per liter of 

fossil fuels, grants for opening charging stations, climate premium for electric busses for public 

transport, tax reduction for eco-friendly company cars and long-term upgradation of electricity grid 

and inclusion of charging roads (Ministry of the Environment, 2020; Naturvårdsverket, 2022a; 

Riksdag, 2022; Trafikverket, 2022; Transportstyrelsen, 2022d). 

2.2 Price: Currently a Big Hurdle but Showing Positive Trend 

In general, upfront price of a new electric vehicles (EVs) (both PHEV and BEV) is reported as a 

significant barrier in widespread EV adoption (Hagman et al., 2016; Lévay, Drossinos and Thiel, 

2017; Trosvik and Egnér, 2017; Westerlund, 2021). EV100- a corporate initiative of companies that 

have committed to electrify their vehicle fleet by 2030 and offer charging facilities to their employees 

and customer- notes that the capital cost of an EV remains a big obstacle in making EVs a new normal 

(IEA, 2021a). However, vehicle price dynamics are going to change as we head towards achieving 
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2030 target of EV adoption. Projections show that the Nordic market will have 60% sales share of 

EVs in 2025 (BloombergNEF, 2021). In case of Sweden, the projection is validated with the 

commitments made by leading market shareholders, Volvo and Volkswagen. Each has almost 17% 

share in new car registrations since 2014 (Carinfo, 2022a). Moreover, Volvo aims to sell 50% EVs in 

2025 and only EVs from 2030 whereas, Volkswagen committed 20% sales by 2025 and 70% in 2030 

(IEA, 2021a).  

Electric mobility will change current structure and requirements of supply chain: the overall  share of 

electric mobility will increase in the European market in the decade, expanding the share of new 

components like battery, electronics, sensors, interiors. However, market share of components like 

combustion engine, transmission, fuel injectors will shrink (McKinsey & Company, 2021). Today 

battery prices account for major price difference between an EV and ICE equivalent. Nevertheless, 

huge improvements have been made in the last decade- the battery pack prices fell from $1,100 

kilowatt-hour (KWh) to $137 KWh and are anticipated to get lower than $100 by 2023 and  $58 by 

2030 (BloombergNEF, 2022a). In 2022, battery constitutes 31% of an average BEV pre-tax price 

which is expected to get 18% in 2030- making BEVs significantly cheaper than equivalent ICE car 

(BloombergNEF, 2022b). Paradoxically, ICE cars will observe a price increase due to plummeting 

demand and stricter emissions standards imposed by EU (Campbell and Miller, 2021). In particular, 

“D segment” sedan BEVs (covered by this study) are expected to reach the price parity by 2026 vis -

à-vis equivalent ICE car (BloombergNEF, 2021). For now, Sweden has a Bonus-Malus tax system in-

place to compensate for higher upfront costs of BEVs and PHEVs and enforcing penalties on ICE cars 

that pollute the environment. However, Sweden aims to gradually discourage par tial electrification of 

car fleet- supporting BEVs sales instead of PHEVs. New amendments in Bonus-Malus initiative 

increased the bonus amount on BEVs purchase from SEK 60,000 to SEK 70,000 in 2021 and lowered 

the maximum bonus for PHEVs from SEK 60,000 to SEK 45,000, which further gets reduced by 583 

times of CO2 grams emitted per km by a PHEV (kvdbil, 2022; Transportstyrelsen, 2022a). Moreover, 

per gram tax has been increased along with stricter emission requirements on ICE vehicles registered 

after March 2021 (ibid.).    

EV100 puts the lack of charging infrastructure as top barrier in EV adoption (IEA, 2021a). So, the 

cost of EV transition is not only relevant to the car owners but also to the companies and authorities 

responsible for providing society-wide services, like charging stations and car maintenance services. 

Expanding charging infrastructure needs immediate attention in Sweden. Sweden had 0.06 charging 

points per EV (CPEV) in 2020 that according to EU, should be 0.1 (Westerlund, 2021). Though, EV 

sales surged remarkably during and post-pandemic times but charging infrastructure did not develop 

likewise. There are 14,200 charging points today in Sweden compared to 11,500 in 2020- causing 

CPEV to drop from 0.06 to 0.03 (Elbilsstatistik, 2022). There are number of incentives in Sweden that 

can be utilized to overcome charging stations shortage. First, private individuals can apply for a grant 

covering 50% of material and installation charges (Skatteverket, 2022). Employers, housing 

associations, electricity companies can apply for grant covering 50% of charging station installation 

cost (maximum SEK 15,000 per charging point) along with funding related activities, like construction 

(Naturvårdsverket, 2022a, 2022b).  

2.3 Total Cost of Ownership 

TCO approach is similar to that of lifecycle cost analysis of a product (Cardullo, 1993; Nurhadi et al., 

2016). However, TCO is consumer-centric: it is a tool and philosophy that goes beyond the purchasing 

cost and gives a consumer comprehensive cost structure of a product’s use throughout the ownership 

period (Hagman, Ritzén and Stier, 2017). Thus, general elements of an owner centric TCO of a vehicle 

are depreciation, fuel cost, interest, insurance, maintenance and repair, and taxes (ibid.). In the wake 

of sustainability transition, TCO literature body has grown recently. Higher upfront costs and 

relatively lower fuel and maintenance costs of EVs have sparked the interest of researchers to compare 

TCO of conventional ICE vis-à-vis electric cars, thereby, helping society-wide adoption of EVs. 

Hagman et. al. conducted a set of surveys in Swedish market in an attempt to know which cost 



6 

influences the vehicle choice the most (2017). Though, most respondents were aware that the 

depreciation costs make the most of the TCO, followed by fuel, interest, insurance, maintenance and 

repairs and taxes, yet they are more influenced by the purchasing price instead of TCO. Moreover, 

people tend to consider readily available costs like insurance, fuel cost, maintenance and taxes in their 

pre-purchase calculations. Whereas depreciation and interest costs are mostly neg lected because 

people do not have precise figures of these costs (ibid.). For 3-year ownership period in Sweden 

(15,000 km/year), another study found TCO to be 78% of purchasing price for Volvo V40 D3 (diesel), 

84% for Volvo V40 T4 (petrol), 73% Toyota Prius (PHEV) and 53% for BMW i3 (BEV) in 2015 

(Hagman et al., 2016). Moreover, Fig. 1 illustrates relative proportion of different costs for these 

vehicles as calculated by the authors (ibid.). Monthly TCO was highest for petrol car (€588) followed 

by PHEV (€585), diesel (€554) and lowest for BEV (€526). Clearly, purchase subsidies and lower 

operational costs had significant role in offsetting upfront higher cost of BMW i3. Nevertheless, the 

authors assumed constant fuel prices (at 2015 level), maintenance, repairs and taxes are negligible due 

to three-year lifespan. 

 

Fig. 1. TCO breakdown in Sweden in 2015 by (Hagman et al., 2016); Illustration by the author 

Another study compared TCO of different vehicles with respect to fuel technology and business model 

(purchasing, leasing, carpooling and taxiing) in Sweden in 2015. The authors conclude that when the 

total annual kilometers driven are less than 2,000, taxiing is most cost-efficient option, carpooling 

suits those who drive between 2,000 to 8,500 kms/yr., leasing is best for 8,500 to 13,500 kms/yr., and 

regular purchasing is only economical when to drive more than 13,500 kms/yr. (Nurhadi et al., 2016). 

Moreover, comparing TCO in case of regular purchase (15,000 kms/yr. for nine years), PHEV (Toyota 

Prius) cost the most, followed by gasoline car, ethanol car (VW Golf), biogas car (Fiat Punto) and 

BEV (Nissan Leaf) (ibid.). Also, Nurhadi et al. assume maintenance, repairs, insurance, taxes, to be 

constant for all vehicles.  

TCO calculations should be specific to factors like car size/segment, driving style, annual milage, 

charging frequency, financial incentives, ownership model etc. For instance, in Italy, availability of 

home charging and only urban driving make BEV costs competitive with PHEV even without financial 

incentives, however, not with ICE cars (Scorrano, Danielis and Giansoldati, 2020). Another study 

estimates TCO of ICE car and an equivalent BEV (of same category; small, medium or large) vis -à-

vis financial incentives offered by different European countries (Lévay, Drossinos and Thiel, 2017). 

Based on financial incentives, the study sorted countries into three groups: where TCO of BEV is less 

than that of equivalent ICE car (Norway), where it is equal (UK, France, Netherlands), and where it 

is higher (Italy, Germany, Hungry, Poland). Moreover, the study also found that the percentage 

difference between small BEVs and equivalent ICE car is significantly higher than that of big BEVs 
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and equivalent ICE cars (ibid.). This is mainly because the relative share of battery cost in overall 

vehicle cost is bigger for small BEVs. 

Degree of electrification of vehicle fleet will also have significant impact on the TCO of ICE cars vis -

à-vis EVs- former will get expansive to own as the latter gets cheaper due to decline in battery prices 

and society-wide adoption (BloombergNEF, 2022b). (Hoekstra, Vijayashankar and Linesh Sundrani, 

2017) estimated the development trend of TCO by 2035 in Netherlands for particular ICE, PHEV and 

BEV cars in each segment (ibid.). Using historical trend of drivetrain costs, battery prices, fuel costs, 

salvage value and the maintenance costs the authors constructed learning curves for estimating TCO 

in future. In a scenario (4-year ownership with 13,000 kms/yr.), TCO of an executive class BEVs was 

estimated to be less than that of similar ICE cars by 2017, by 2020 for C-segment (medium) cars and 

by 2022 for A-segment (small) cars (ibid.)- complementing Lévay et al. (2017).  

Considering different hybrid powertrain type, electricity costs and driving conditions (city or 

highway) (Hutchinson, Burgess and Herrmann, 2014) estimate the relative savings of hybrid cars 

versus ICE cars in US and UK. The authors found that it is cheaper to own a hybrid car in UK compared 

to US- most hybrid powertrain types offset their premium cost in eleven years in US in city driving 

whereas in UK, the time is three years due to relatively higher fossil fuel prices in the UK. However, 

the study considers maintenance, insurance, taxes and financial incentives to be negligible which does 

not correspond with today’s Swedish market (ibid.).  

2.4 Research Gap 

This study will suggest old car owners to switch to a newer and emission efficient cars. For the very 

purpose, no prior work has inculcated the replacement perspective with TCO analysis. Therefore, 

firstly, to know if it is economical to keep using old car vis-à-vis buying a newer one, this study 

compares 13-year TCO of both old and new cars. Furthermore, all individual TCO costs (depreciation, 

insurance, fuel etc.) are plotted against car’s ownership period to uncover yearly variation in each of 

the costs. Yearly variation is important for a scenario-based analysis wherein each scenario indicates 

time in future (years) after which the old is replaced with the new car. For instance, the “Scenario 1” 

implies that V70 is replaced after 1 year from now with a new car and thus includes TCO of V70 for 

next 1 year and all lifespan (13 years) TCO of the new car. In nutshell, scenario-based analysis reveals 

when it is economical to replace the old car (V70)- now, after some time or never.  

Additionally, many earlier studies assume important operational costs like maintenance,  repairs, taxes 

etc. to be either constant or negligible during the lifespan. Also, latest TCO studies in Sweden are a 

few years old but the associated costs have also evolved a great deal in the ongoing transition. For 

instance, taxes and bonus have increased for ICE cars and EVs respectively. Also in current Swedish 

market, EVs tend to depreciate less than ICE cars, contrary to the estimation of Swedish financial 

institutions a few years back (Hagman et al., 2016).  
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3 Methods 

3.1 Data Gathering 

3.1.1 Choice of Vehicle 

As discussed earlier, cost of ownership is highly subjective to car size, fuel consumption, fuel type 

etc. Some TCO studies have compared cars according to their car size e.g., small, medium, large. 

Whereas for some, comparable cost, engine power output, equipment package and share of sales in 

the concerned market was relevant (Hagman et al., 2016; Nurhadi et al., 2016; Hoekstra, 

Vijayashankar and Linesh Sundrani, 2017; Letmathe and Suares, 2017; Lévay, Drossinos and Thiel, 

2017).  

As the study is being done in collaboration with MG- the group helped in devising the problem 

statement and provided relevant data. Therefore, the primary rationale of car choice is the most 

registered old car (V70) in Sweden to maximize the impact of the study in MG’s core market (Carinfo, 

2022a). The choice of old car then guides the choice of replacement cars, the most registered similar 

sized (cars as of the old car) by fuel type. The replacement cars selected are V60 (ICE), V60 (PHEV), 

Tesla Model 3 (BEV) (Bilsweden, 2022b; Carinfo, 2022b). All selected replacement cars include basic 

equipment (included starting price). The engine output is not used as vehicle selection criteria as 

PHEV and BEV usually have higher output. If replacement of the most registered old car is 

uneconomical then the results would complement Mekonomen Group’s current business- selling 

spare-parts of ICE cars. Otherwise, if replacement is economical then the results will reinforce the 

group’s latest diversification strategy- BEV as a top priority. Table 1 lists the selected cars among 

other key assumptions of the study. 

Table 1. Key Study Assumptions 

Decisions Assumption Rationale Reference 

Old Car (to be 

replaced) 

V70 (2.4 170-180hp 

Petrol)  

• Current milage 

200,000 km 

Most registered (until 

2016) car in Sweden  

(Carinfo, 2022a) 

Replacement Cars 

(New/Used) 

V60 (ICE) (2nd 

Generation B4 AWD (197 

hp) Mild Hybrid Petrol),  

V60 PHEV (T6 AWD 

(350hp) Petrol + 17.5 

KWh battery),  

Tesla Model 3 (Standard 

Rear Wheel Drive, 

60KWh battery) 

• All cars include 

basic equipment 

Most registered in 

similar sized cars (as of 

V70) by fuel type in 

Sweden 

 

(Carinfo, 2022a, 

2022b) 
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• Used Cars: four-year 

old models of 

selected new cars  

Lifespan (EoL) 

200,000kms or 

15,000 kms/yr. for 13 

years 

Volvo’s official LCA 

studies assume that 

every Volvo car is driven 

to 200,000 km in its 

lifespan. Different 

studies assume yearly 

milage of a car in 

between 13,000- 25,000 

km. So, this study 

assumes an average 

vehicle is driven 15,000 

km per year for 13 years 

(Volvo Cars, 2020, 

2021a) 

(Hutchinson, 

Burgess and 

Herrmann, 2014; 

Hagman et al., 

2016; Nurhadi et 

al., 2016; 

Hoekstra, 

Vijayashankar and 

Linesh Sundrani, 

2017) 

Ownership type  Customer   

Financing Model 

Monthly installments at 

4% annual interest rate for 

six years. 

Lowest interest rate offer 

for car loan in market by 

SEB Bank.  

(Lendo, 2022) 

Country  
Sweden  Core market for 

Mekonomen Group 

 

TCO Functional 

Unit 

SEK/yr.    

 

3.1.2 Depreciation & Salvage Value 

Depreciation estimations are complex and depend on the wear and tear of car parts, model year, market 

demand of a particular car, etc. Depreciation accounts for 50% of TCO of a new car - the biggest of all 

costs (Hagman, Ritzén and Stier, 2017). Therefore, a car that holds onto its value is most likely to 

incur less TCO during the lifespan. In Sweden, former TCO studies based the depreciation estimation 

on the data from DNB Bank i.e., 50% depreciation (of initial price) in first 3 years for ICE cars and 

40% for BEVs followed by 10% annual depreciation (i.e., from year 4) of remaining salvage value 

(resale value of a car) (Hagman et al., 2016; Nurhadi et al., 2016). The literature highlighted that the 

first three years are critical but, the earlier work calculates the depreciation cost in first three years by 

subtracting 40% or 50% of new car price. This undermines the contribution of objective variables like 

market demand for a particular car, model and fuel type. Consideration to these objective variables 

has become cordial when calculating TCO in the ongoing transition of mobility sector.  

Therefore, the data is gathered for on-sale cars at different online platforms to observe depreciation 

trend of the selected replacement cars in Swedish market in their first four years of use (Blocket, 2022; 

kvd, 2022; ooyyo, 2022). Average market value of 5 sample cars of each model year (from 2019 to 

2022) for each replacement car is then calculated (see Annex 3 for V60 (ICE) example). The sample 

cars for every model year are carefully chosen to have annual milage same as  the study assumption 

i.e., 15,000 km/year. This study assumes that if a new replacement  car enters the market now, it will 

have same depreciation trend in next four years as indicated by the data gathered  for 2019 to 2022 

models. So, during first 4 years, depreciation is calculated as the percentage of initial price whereas 

after four years, annual 10% depreciation of remaining salvage value is assumed. In case of EVs, 

investment cost is the value after subtracting bonus from market price. For V70 this study assumes 

10% yearly depreciation in future as the car is already 13 years old (see study assumptions in Table 

1). Currently, average salvage value of 200,000 km driven V70 in Sweden is found to be SEK 106,600 

(determined from a sample set of 10 cars). 
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3.1.3 Fuel Costs 

Fuel prices are highly unpredictable in long-term. Any interruption in supply caused by uncertain 

geopolitical situation, law and order situation in oil producer countries, failure to balance demand and 

supply especially in the wake of climate can cause price spike globally. Consideration to  all those 

uncertainties are beyond the scope of this study. However, the historical gasoline prices from 2016 to 

2022 are used from OKQ8 (fuel supplier in Sweden) for linear extrapolation (OKQ8, 2022) (Fig. 2). 

Similarly, electricity prices from 2012 to 2022 are obtained from E.ON (electricity provider in 

Sweden) for linear extrapolation (E.ON, 2022b) (Fig. 3). Hence, the trend line (black dotted line in 

both figures) shows that the historical average annual increase in gasoline prices in Sweden is SEK 

0.63 and that of electricity is SEK 0.075. Moreover, the study assumes that the future increase in 

charging prices will follow the historical increase in electricity prices - not accounting factors like 

changes in service provider’s profit share etc. 

It can be seen in Fig. 2 and Fig. 3 that the prices of both gasoline and electricity are omitted during 

the pandemic because of remarkable drop in extraordinary circumstances. Moreover, the grey area 

from 2022 to 2024 indicates prices forecast with 95% certainty. Forecast is done using Tableau’s in -

built function and has value of Mean Absolute Scaled Error (MASE) within acceptable range i.e., 0.44 

for gasoline and 0.62 for electricity prices. The trend line also accounts for the forecasted prices 

(colored line within grey region) and has the P-value less than 0.0001, showing that it is very accurate.  
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Fig. 2. Historical Petrol Prices Trend in Sweden (OKQ8, 2022). Illustration by the author 

 

Fig. 3. Historical Electricity Prices Trend in Sweden (E.ON, 2022). Illustration by the author 

For ICE, fuel cost (gasoline cost for PHEV) per year is the function of average fuel consumption per 

kilometer multiplied by annual kilometers travelled and gasoline cost. Whereas electricity costs for 

PHEV and BEV are the function of number of charging cycles required to cover annual distance 

travelled on electricity multiplied by charging cost per cycle. In case of V60 (PHEV), it is assumed 

that the share of petrol and electricity in annual distance travelled is 50% each; 7 ,500 km on gasoline 

and 7,500 km on electricity. Annual 7,500 km correspond to average daily commuting distance of 20 

km (Silva, Ross and Farias, 2009). So, we can say that all that daily commuting is covered on 

electricity and gasoline is consumed on longer trips.  

Charging costs differ depending on the ownership of charger (home/commercial), type of charger 

(normal/fast) percentage and battery capacity over time (battery degradation is 9% in 13 years 

(Yurday, 2020) (See Table 2.). However, battery degradation is not accounted for because of its little 

share.  
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Table 2. Costs vs Charger Ownership and Type 

 Home* 
Street 

Normal** 

Street 

Fast** 

Tesla Super 

Charger 
References 

Price 

SEK 1.06/KWh 

+ SEK 8995 

Charging box 

SEK 

2.75/KWh 

SEK 

4.95/KWh 

SEK 

3.56/KWh (Hoekstra, 

Vijayashankar and 

Linesh Sundrani, 2017; 

E.ON, 2022a; Tesla 

Club Sweden, 2022; 

Volvocars, 2022a) 

V60 

(PHEV) 
50% 35% 10%  

Tesla 

Model 3 
50% 10% 25% 15% 

* Home charging has highest proportion because of lowest price (box cost divided to 13 years)  

** Higher % of normal charging for PHEV as people tend to charge at workspaces where parking time is 

usually enough. Whereas, and fast charging proportion is higher for BEV as fast chargers can save time to 

charge big batteries. 

3.1.4 Insurance Costs  

Insurance costs are subjective to the car model, fuel type, driver’s profile (age, driving history, area 

of residence etc.). Insurance costs are gathered from one of the leading insurance companies in 

Sweden, Trygghansa (2022). For brand new replacement cars, half insurance costs are used in first 

three years of ownership as the car is covered by manufacturer’s guarantee. After 3 years, full 

insurance costs are used for comprehensive coverage as manufacturer’s guarantee is no longer valid. 

Insurance cost of each car are the average of three respondents of insurance costs survey. Respondents 

were asked to use Trygghansa insurance calculator to report both half and full insurance costs against 

the limited sample of already registered old and replacement cars . Insurance costs do not vary 

considerably by changing registration number unless the car is same. So, limited sample of car 

registration numbers in survey form won’t negatively affect the data quality. The respondents include 

1 female and 2 males who are older than 30 years, reside in Stockholm and have at least 10 years of 

license issuance and good accident-free history. Insurance costs are highest for Tesla Model 3, so 

much so that they significantly offset the savings from other operational costs. V60 ( PHEV), V60 

(ICE) and V70 follow Tesla respectively.  

3.1.5 Maintenance & Repairs 

Maintenance and repairs are important cost components of any TCO. Maintenance costs include 

regular servicing costs as per manufacturer’s recommended period. Volvo recommends that V60 (ICE) 

and V60 (PHEV) should be serviced after every 16,000 km or 1 year: the service includes engine oil 
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change, air/oil filter change, brake fluid, spark plugs etc. (Volvo Cars, 2022). Therefore, maintenance 

costs are acquired from Mekonomen’s website where a built-in calculator estimates regular service 

costs based on car and its milage. Also, maintenance and repairs costs of both V60 variant s are taken 

as same. Whereas Tesla’s maintenance includes a few activities compared to any ICE car- combustion 

engines have more spare parts. So, Tesla’s maintenance is taken same as assumed by (Hoekstra, 

Vijayashankar and Linesh Sundrani, 2017) , 1/3 of an ICE vehicle (V60). Tesla’s regular maintenance 

activities include checking brakes, brake fluid, cabin filter and rotating tires (Caredge.com, 2022).  

For repairs, a survey form was sent to Mekonomen’s experts. Primary customers of Mekonomen 

workshops own a 5 to 6 years old car, a time after which a car requires more repairs. The survey 

contained MECA’s (MG’s subsidiary) most sold products, and the respondents were asked to check a 

cell corresponding to the time of repairs in V70 and V60’s lifetime (Annex 2). For calculating repairs 

costs for each product, cost per unit and labor cost to do the repair are summed. In addition, repairs of 

V70 in future are assumed to be same as required within first 200,000 km. Data from survey form is 

tabulated in Table 3. 

Table 3. Maintenance and Repairs Data 

Cars 
Age 

(Lifetime) 
Repairs  

V70 

13 Brake pads+ Rear window motor + Tires  

15 Door lock motor 

17 Shock absorbers+ link arms + bushes + tires  

20 Thermostat + windshield + trunk cable repair 

23 
Brake pads + brake discs + engine mount + oxygen sensor 

+ water pump+ wheel bearing + tires 

25 

Hydraulic cylinder + fuel pump + cooler + generator + rear 

window motor + coupling cylinder + drive shaft 

+ condenser + ignition coil 

V60  

3 Brake pads+ tires 

7 Brake pads + brake disc +Tires 

10 Engine mount + Oxygen sensor 

11 
Brake pads + shock absorbers + link arms + bushes + fuel 

pump + tires 
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Tesla Model 

3 

3 Brake pads+ tires 

7 Brake pads+ Brake Discs Tires 

11 Brake pads+ Tires 

 

3.1.6 Taxes and Bonuses 

Taxes may not be a big player in the TCO, but their car-to-car relative variation make them relevant 

for TCO calculations. For instance, annual BEV and PHEV tax in Sweden is SEK 360 but under 

Bonus-Malus scheme, brand new ICE cars have to pay a higher tax for the first three years of lifespan 

(SEK 7,016/yr. for V60 (ICE)) following reduced tax from 4 th year (SEK 1,174 for V60 (ICE) and 

SEK 1,438 for V70) (Carinfo, 2022a; Transportstyrelsen, 2022d).  

Bonuses are important when comparing EVs with ICE. They aim to offset the higher upfront 

investment costs attached to brand new EVs and make them competitive with ICE car purchase. 

Currently, a BEV buyer gets a bonus of SEK 70,000 and a PHEV buyer gets a maximum of SEK 

45,000 which is further subtracted by 583 times of emissions per kilometer (Transportstyrelsen, 

2022c). Hence, a V60 (PHEV) having 18g CO2 emissions per kilometer will get a maximum bonus of 

SEK 34,506.  

3.1.7 Cost of Capital (CoC) 

While suggesting the old car owner to replace it with a brand new or four-year used car, the important 

question is where the additional amount come from. In this study, it is supposed that a V70 owner will 

first sell the car and use its salvage value as the part of investment cost to buy the replacement car. 

The rest amount will then be lent from a financial institution like banks. So, CoC is the interest cost 

on the amount lent and is taken at 4% annual rate for six years. Interest rates on car loan range from 

4% to 10% at variable payback periods. The lowest offer in the market was by SEB Bank, 4% annually 

for 10 years (Lendo, 2022).  

3.2 Total Cost of Ownership Model 

Prior literature has guided the current study in devising a TCO model. A typical TCO equation for a 

car should include depreciation, fuel cost, maintenance and repairs, taxes and subsidies, insurance 

cost, cost of capital (interest) on the amount lent and salvage value (earning) at End-of-Life (EoL) 

(Hagman et al., 2016; Nurhadi et al., 2016; Hagman, Ritzén and Stier, 2017). However, even with 

same cost elements results vary depending upon study assumptions. For ins tance, Nurhadi et al. 

consider salvage value at EoL negligible (after 9 years) but with 3-year ownership period, Hagman et 

al. subtract salvage value from initial price to calculate depreciation (ibid.). Similarly, assumption 

about lifespan will affect all operational costs like fuel and insurance etc. Additionally, in case of EVs, 

relative proportion of charging places (private/public), type of charging (normal/fast) and electricity 

to gasoline consumption ratio (for PHEV) will have significant impact on overall TCO results 

(Hoekstra, Vijayashankar and Linesh Sundrani, 2017). Previously battery resale value has also been 

considered in TCO calculations (Letmathe and Suares, 2017). However, the current study maintains 

that in a consumer centric TCO model the salvage value at EoL inherits battery value. Additionally, 

no battery replacement is required under 200,000 km for an EV as battery lifespan is already above 

than that of a car (Hoekstra, Vijayashankar and Linesh Sundrani, 2017; Yurday, 2020).  
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Eq. 1 shows the general structure of TCO model in this study. Where DC, FC, IC, TC, MR and SV 

are depreciation cost, fuel cost and insurance cost, taxes cost, maintenance and repairs cost and salvage 

value respectively. CoC is only relevant when V70 is replaced. Eq. 1 is then transformed to into Eq. 

2 for the analysis of replacement scenarios (see section 3.2.1).  

 It should be noted here that V70 has already lived up-to its lifespan (as per study assumptions, see 

Table 1). Therefore, in this study, first year TCO of V70 (1 year in future from now) correspond to 

14th year of use in its ownership period. Likewise, first year TCO correspond to 1 st year of use in case 

of brand-new replacement cars and 5 th year for used replacement cars (first four-year ownership by 

someone else). However, for a reasonable TCO comparison between V70 and replacement cars, it is 

assumed that V70 will be used for maximum of additional 13 years in future (comparing TCO of old 

V70 and the replacement cars in next 13 years).  

𝑇𝐶𝑂 = 𝐷𝐶 + 𝐹𝐶 + 𝐼𝐶 + 𝑇𝐶 + 𝑀𝑅 + 𝐶𝑜𝐶 − 𝑆𝑉 Eq. 1 

Yearly TCO in each Replacement Scenario: 

 

=
∑ 𝐶𝑜𝑠𝑡𝑠𝑉70

(𝑅𝑌)−1
𝑌(0)  + ∑ 𝐶𝑜𝑠𝑡𝑠𝑁𝑒𝑤/𝑈𝑠𝑒𝑑

𝐸𝑜𝐿
𝑅𝑌  +  𝐶𝑜𝐶 − 𝑆𝑉𝑉70 𝑎𝑡 𝑅𝑌 − 𝑆𝑉(𝑁𝑒𝑤\𝑈𝑠𝑒𝑑) 𝑎𝑡 𝐸𝑜𝐿

∑ 𝑦𝑒𝑎𝑟𝑠𝑉70
(𝑅𝑌)−1
𝑌(0) +  ∑ 𝑦𝑒𝑎𝑟𝑠𝑛𝑒𝑤/𝑢𝑠𝑒𝑑

𝐸𝑜𝐿
𝑅𝑌

 

 

Where, Costs = DC + FC + IC + TC + MR + CoC 

Y (0) = Current year (i.e., 2022) 

RY = Replacement Year (time of replacement in future) 

 
Eq. 2 

 

Replacement Justifiable When: 

𝑇𝐶𝑂 (𝑉70) >  𝑇𝐶𝑂 (𝑁𝑒𝑤/𝑈𝑠𝑒𝑑) Eq. 3 

3.2.1 Replacement Scenarios 

Each scenario implies the time in future after which V70 is replaced with the replacement cars; never (no -

replacement scenario), now (immediate replacement scenarios), 1 year from now (scenario 1), or until 12 years 

from now (scenario 12). The 13 th year of V70 use in future is only considered in no-replacement scenario. Each 

scenario then gives the annual TCO of using V70 until the replacement year and annual TCO of the replacement 

car until its EoL. Ownership period of new replacement car is 13 years and of used replacement car is 9 years. 

Thereby, no-replacement scenario and immediate replacement scenario (with new cars) give annual TCO of 

V70 and the replacement car respectively in next 13 years (Eq. 2). Whereas in scenario 1, cumulative TCO of 

V70 and the new replacement car is divided by 14 years (i.e., by 10 years in case of used replacement cars) - 1 

year of V70 ownership and 13 years of the replacement car. Thus, a comparison of no-replacement scenario and 

immediate replacement scenario (with new cars) indicates if it is economical to own current V70 during next 

13 years or to replace it with a new car having lower annual TCO (Eq. 3). So, if 13-year annual TCO of V70 is 

lower than a replacement car then the delay in replacement will be desirable. Otherwise, the delay (by each 

year) will get more expensive because of the inclusion of higher annual V70 costs for an additional year. 

Therefore, replacement scenarios 1 to 12 quantify the savings or additional costs in case of delayed replacement.  

In every scenario, salvage value of V70 at the start of switch year- used to buy the replacement car- 
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and of the replacement car at its EoL is taken as earning, thus subtracted from cumulative TCO. So, 

every scenario has different CoC as the salvage value of V70 would decrease by each year, increasing 

the loan amount and raising the interest cost. 

3.2.2 Present Worth Analysis 

Net Present Value (NPV) is an important tool of economics to facilitate investment decisions. Value 

of money decreases with time at rate known as discount rate. This means that less money today is 

equivalent to more money tomorrow therefore, future money should be discounted to present value of 

money (Nurhadi et al., 2016; Letmathe and Suares, 2017). Where discount rate determines the change 

in value of money, inflation rate determines the change in the prices of consumer goods. So, an 

investor should first account for rise in goods prices (inflation) in future and then discount the future 

money back to the present value to make an economical decision. Therefore, this study uses Present 

Worth Factor (PWF) (Eq. 4) to accommodate both inflation and the discount rate (pveducation.org, 

2022).  

 

PWF = 
(1+𝑖)𝑦𝑒𝑎𝑟𝑠

(1+𝑑)𝑦𝑒𝑎𝑟𝑠 
Eq. 4 

Where, i = inflation (2%); d = discount rate (0%)  

In Sweden, discount rate is referred as Reference Rate (RR) and is determined by Riksbank . Current 

reference rate in Sweden is 0% and is often plummeted in negative since 2015 (Riksbank, 2022c). 

However, currently, inflation is soaring to all time high in Sweden i.e., 6% (Riksbank, 2022a). Current 

inflation levels are unprecedented, and the spike started at the end of last year due to number of 

reasons. However, inflation rate remained stable at 2% in recent history and Riksbank has also set 

future target at 2% (Riksbank, 2022a; SCB, 2022). Therefore, the current study uses 2% inflation and 

0% discount rate in Eq. 4. This would mean that the overall ownership costs will increase in the future. 

Eventually, all the costs (except fuel) in a year, salvage value and the difference of salvage value and 

new car price (depending on replacement year) for calculating loan amount are factored with the PWF 

in each corresponding year of ownership.   
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4 Results 

4.1 Analyzing Individual Cost Components of TCO 

Trends in individual cost components of TCO are analyzed over the lifespan of each car to uncove r 

their relative distribution with time. So that, the TCO model will not only identify the cheapest car to 

own in a 13-year lifespan but also if the switch is to be done from old V70, what will be the savings 

or additional costs of delaying the decision. For instance, if significant repairs for V70 are due next 

year then then it will be wise to replace it now because repairs are major costs in V70’s TCO. 

Alternatively, based on how depreciation of the replacement cars vary (especially in first four years), 

how much one can save when replacing V70 with used car instead of a new.  

Depreciation is the biggest contributor in the ownership costs the replacement cars. Although, there is 

consensus that the depreciation is highest in early years of a car but that too varies from car to car. 

Fig. 4 illustrates depreciation of all concerned cars against the time (in future) during 13 -year 

ownership period. The historical depreciation data of each car shows that V60 (ICE), V60 (PHEV) 

and Tesla Model 3 depreciate around 34%, 30% and 20% of their initia l price during first four years 

of ownership. Cumulatively, V60 (ICE), V60 (PHEV) and Tesla Model 3 lose SEK 145 ,506, SEK 

156,741 and SEK 105,584 respectively during first 4 years. Though, percentage depreciation (w.r.t 

initial price) of EVs is less vis-à-vis V60 (ICE) in first 4 years but due to their higher initial price, in 

absolute numbers, EVs incur higher depreciation costs over the lifespan. That is why they are above 

V60 (ICE) and V70 in Fig. 4. Total depreciation cost in next 13 years is SEK 342,513 for V60 (ICE), 

SEK 399,001 for V60 (PHEV) and SEK 381,366 for Tesla Model 3. Moreover, depreciation is highest 

in 4th year of ownership in case of replacement cars; V60 (PHEV) loses most money (SEK 80,770) 

followed by V60 (ICE) (SEK 51,890) and Model 3 (SEK 48,358) (Fig. 4). Depreciation of V70 is 

lowest because it is already 13 years old; it will depreciate 10% of its salvage value annually. Total 

depreciation cost of V70 in next 13 years is SEK 87,253. It is interesting to note that in the first year, 

owners do not incur any depreciation cost for Model 3 and V60 (PHEV). This is because in case of 

EVs, bonus amount is adjusted in original price. So, in a customer centric TCO, depreciation should 

only be considered when salvage value gets lower than discounted original price. Moreover, V60 (ICE) 

quickly depreciates after buying- 12% depreciation in first year (SEK 50,000). This indicates that in 

current Swedish market, people are already preferring cleaner cars over ICE cars.  Lastly, for 

calculating depreciation each year, it is assumed that new car price and salvage value of a particular 

car will increase with inflation rate annually. 

 

Fig. 4. Depreciation cost of cars in Swedish Krona (SEK) against time- during 13-year ownership period in 
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future. Cars are arranged top to bottom in descending order of their total depreciation cost over the ownership 

period. Comma is used as thousand separator. For (old) V70 “Year 1” means 14 th year of its ownership. 

Fuel costs are highest for V70 and lowest for Tesla Model 3 (see Fig. 5). V70 has average fuel 

consumption of 8.4l/100km whereas for V60 (ICE), Volvo claims 6.5/100km (Spritmonitor, 2022; 

Volvocars, 2022b). Therefore, V60 (ICE) follow V70 in fuel costs. Although, V60 (PHEV) has a 

bigger engine (T6, 350hp) vis-à-vis V60 (ICE) (B4, 197 hp), its fuel costs are lower as daily 

commuting will be covered on electricity. The upward inclination in fuel costs is due to increasing 

fuel costs by each year in future. See section 3.1.3 for calculations assumptions. Fig. 5 shows that in 

year 1, fuel cost would be SEK 24,233 for V70, SEK 18,730 for V60 (ICE), SEK 13,636 for V60 

(PHEV) and SEK 6,730 for Tesla Model 3. Similarly, Fig. 5 can be interpreted for each car against 

each year. 

Fig. 6 shows insurance costs of each car. For all replacement cars, a sudden increase after 3 rd year 

indicates the upgradation of insurance package from half to full (see assumptions in section 3.1.4). 

Full insurance costs are a decisive factor in case of Tesla Model 3- almost three times higher than any 

other car under consideration. Therefore, insurance costs significantly offset savings of Model 3 from 

other costs like fuel and maintenance. For instance, in 13 th year, fuel cost of Model 3 is SEK 8,836 

and of V70 is SEK 33,770 whereas during the same year, insurance cost of Tesla is SEK 31 ,077 and 

of V70 is SEK 8,583- almost replicative. Moreover, V60 (PHEV) follows BEV in insurance costs, 

showing that insurance costs are still a hurdle in widespread EV adoption. Higher insurance cost may 

relate to multiple factors of which one can be the expensive repairs due to sophisticated technology. 

This is especially true if batteries need to be replaced in an unfortunate situation.   

 

Fig. 5. Fuel cost of cars in Swedish Krona (SEK) against time- during 13-year ownership period in future. Cars 

are arranged top to bottom in descending order of their total fuel cost over the ownership period. Comma is 
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used as thousand separator. For (old) V70 “Year 1” means 14 th year of its ownership. 

 

Fig. 6. Insurance cost of cars in Swedish Krona (SEK) against time- during 13-year ownership period in future. 

Cars are arranged top to bottom in descending order of their total insurance cost over the ownership period. 

Comma is used as thousand separator. For (old) V70 “Year 1” means 14 th year of its ownership. 

Maintenance and repairs are extensive for V70 compared to any other car (See  Table 3). Major repairs 

are required at 200,000 km including tire change and brake pads (Year 1 in figure below), costing 

SEK 32,000, if the owner wants to keep using V70 (see Fig. 7). Moreover, the owner will again have 

to incur major repair costs in 5 th (SEK 32,000), 8th (SEK 12,000), 9th (SEK 14,800), 11th (SEK 49,000) 

and 13th (SEK 57,000) year from now. Maintenance and repairs for new V60 (ICE & PHEV) are 

assumed to be same and are significant in years when tires are changed (every 60 ,000 km). For Tesla, 

tires replacement account for significant cost because of limited maintenance and repairs required by 

a BEV. For relative distribution of taxes see section 3.1.6. 

 

Fig. 7. Maintenance and repairs cost of cars in Swedish Krona (SEK) against time- during 13-year ownership 

period in future. Cars are arranged top to bottom in descending order of their total maintenance and repairs cost 

over the ownership period. Comma is used as thousand separator. For (old) V70 “Year 1” means 14 th year of 

its ownership. 

Cost of capital increases with replacement time (see section 3.1.7). Fig. 8 and Fig. 9 show the interest 

amount vis-à-vis replacement time. For instance, if V70 is replaced immediately (in 2022) with new 
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V60 (PHEV) then the amount of interest at 4% in next six years will be SEK 53,900. Whereas, if the 

switch is done after 12 years, then the interest amount will increase to SEK 82,000. A part of increase 

in CoC is also due to the adjustment of inflation when calculating the difference of V70’s salvage 

value and the price of replacement car at the time of replacement. Remarkably, if the replacement is 

done with used cars, then CoC is highest for Tesla Model 3. This is  because Tesla depreciates less in 

first four years than any other car, increasing the amount of loan when switching.  

 

Fig. 8. Cost of Capital (CoC) against time of V70 replacement with respective new cars.  

 

Fig. 9. Cost of Capital (CoC) against the time of V70 replacement with respective used cars.   

4.2 Justifying Replacement 

Fig. 10 illustrates the breakdown of costs (positive) and salvage value (negative) in no replacement 

versus immediate replacement scenarios. The V70 bar shows no replacement scenario i.e., the old V70 

will be used for the next 13 years. Bars with replacement car names show immediate replacement 

scenario- V70 is sold now, and respective new replacement car is bought and used for next 13 years 

(or 200,000 km). Thus, comparing TCO of old V70 and new replacement cars in a similar time period 

(13 years) will indicate the most economic car to own in the future. Clearly, cash outflow (costs) of 
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every replacement car is more than that of V70- however, not very different among each other. 

Moreover, fuel is the most significant cost for V70, but depreciation takes the lead in case of 

replacement cars. For V60 (ICE) and V60 (PHEV), fuel cost is second biggest contributor. 

Interestingly, in case of Tesla Model 3, savings from fuel cost are effectively being offset by high 

insurance cost. Maintenance and repair costs are hefty for V70, same for V60 (ICE) and V60 (PHEV) 

and least for Model 3. Taxes only become relevant for V60 (ICE) because of Malus- higher tax during 

first three years of an ICE car. Also, CoC is relatively small for all replacement cars. 

 

Fig. 10. 13-year cashflow (in SEK) breakdown in no 

replacement scenario (V70 Bar) and immediate 

replacement scenario (other bars). Comma is used as 

thousand separator. 

 

Fig. 11. 13-year net cashflow (in SEK) in no 

replacement scenario (V70 Bar) and immediate 

replacement scenario (other bars). Comma is used as 

thousand separator. 

Nevertheless, earnings in case of replacement cars (salvage value of V70 when replacing and salvage 

value of the replacement car after 13 years) play critical role in balancing the high cash outflow of the 

replacement cars. The salvage value of V70 after 13 years is negligible (SEK 34,000). Thus, based on 

net cash flow (costs minus earnings) Fig. 11 shows cars with least TCO in 13-year time period (from 

left to right). Eventually, despite of less operational costs, V70 turned out to be the most expensive 

car to own whereas Tesla Model 3 is the cheapest option among brand-new cars to replace V70 with. 

Additionally, marginal savings in costs and higher salvage value after 13 years make Tesla Model 3 

SEK 46,300 cheaper than V60 (PHEV). Among the replacement cars, V60 (ICE) is the most expansive 

option. Hence, for next 13 years, annual TCO of Tesla Model 3, V60 (PHEV), V60 (ICE) and V70 is 

SEK 47,600, SEK 51,200, SEK 55,200 and SEK 59,700 respectively. 

4.3 TCO versus Time of Replacement  

Annual total cost of ownership in each of replacement scenario is illustrated in Fig. 12. Each point on 

x-axis indicates a replacement scenario: years of use in future (15,000 km/yr) after which  the old V70 

is replaced by the new/used cars. Whereas y-axis indicates TCO/yr in each replacement scenario. That 

is, TCO/yr in case of “Now” scenario (see figure below) averages 13-year TCO of replacement (TCO 

of V70 is mentioned as a reference only). Similarly, “After 1 yr.” scenario averages 14-year TCO- 1 

year of V70 costs and 13 years of replacement car use in future (see section 3.2.1). So, trend of each 

line along x-axis is due to the inclusion of one additional year of V70 costs. For instance, significant 

increase in TCO/yr after 1st year, 5th year and 11th year mean that V70 incurred significant maintenance 

and repair costs prior to the replacement- only maintenance and repairs costs change abruptly for V70 

(see section 4.1). 



22 

Since it is established that V70 has highest 13-year TCO, so in general, TCO/yr increases by each 

delay year in replacement (see section 4.2). That is, inclusion of relatively higher V70 costs vis-à-vis 

the replacement car for one additional year in each scenario increases the TCO/yr as the replacement 

gets delayed. This is also the reason behind a steeper line for V60 (PHEV), and Tesla Model 3 

compared to that of V60 (ICE). The rising trend is also because all future costs are adjusted for 2% 

inflation using PWF. Hence, it can be concluded from Fig. 12 that the best time to replace an old V70 

is now and the most economic option among the new and used cars are Tesla Model 3 and V60 (PHEV) 

respectively. 

For Model 3, the difference between new and used cars is not very high and gets reduced as the 

replacement is delayed. This is because we have skipped first four -year ownership of used Tesla and 

that is where it saves the most- less depreciation and insurance costs. So, if V70 is to be replaced after 

5 years with a Model 3, then it is better to switch with a new one than the used because both will 

almost cost the same. Among used cars, V60 (ICE) costs same as Tesla and V60 (PHEV) less than 

Tesla despite the latter having low fuel and maintenance costs. This is because of two factors: high 

insurance and depreciation costs of Tesla after 4 years. That is, 10% depreciation after 4th year is less 

for both V60s vis-à-vis Tesla because salvage value of the latter is higher after 4th year (Tesla 

depreciates less in first 4 years.).  

 

Fig. 12. Annual TCO in each of V70 replacement scenarios with new and used cars. Solid lines show 

replacement scenarios with new cars whereas the dotted show replacement with used cars 

4.4 Sensitivity Analysis 

This study is based on different assumptions that guided the study and determined the overall TCO 

results. Therefore, sensitivity analyses have been done to get more understanding on how some 

parameters influence the cost calculations. For this, sensitivity analysis is done on two parameters: 

the Salvage Value of V70 at the time of replacement and the discount rate for determining the present 

value of future cash flow. Former is important because currently this study only considers  a V70 

having current milage of 200,000 km. Therefore, to make the findings of this study more generic, 

sensitivity analysis is done for V70s having lesser milage than 200,000 km. Moreover, including 

higher discount rate is important in sensitivity analysis because Riksbank is going to increase the 

discount rate in future to curb rising inflation.  

4.4.1 Salvage Value Sensitivity Analysis 

As the results suggest (so far), the replacement of a V70 having 200,000 km milage is economical if 

done with specified replacement cars. But is the replacement also economical for those currently 

owning a relatively younger V70 (less milage than 200,000 km)? Answering this will make findings 
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of this study relevant to most V70 owners. Sensitivity analysis is done using V70’s salvage value. 

Salvage value is an appropriate economic indicator of a car’s age- younger car will have higher salvage 

value. Currently 200,000 km driven V70 has an average salvage value of SEK 106,600 (indicated by 

market data (see section 3.1.2)). Thus, to mimic younger V70, Fig. 13 considers a sample of higher 

V70 salvage values: SEK 120,000, SEK 140,000, SEK 160,000. The sample values correspond to a 

V70 with current milage of 150,000 km to 200,000 km. The production of V70 ceased in 2016 so it is 

safe to assume that most of them may have the milage within the range.  Irrespective of V70’s current 

age, sensitivity analysis assumes that the car is to be driven for additional 200,000 km in next 13 years. 

So, costs related to maintenance and repairs, fuel, insurance and tax will remain the same as the 

distance travelled (200,000 km) or ownership period (13 years) is fixed.  So, referring to Fig. 10, 

except salvage value of V70, depreciation of V70 and CoC all other costs will remain unchanged.  

 

Fig. 13. Sensitivity Analysis- illustrating the sensitivity of TCO to the changes in SV of V70 at the time of 

replacement. V70 bar shows no-replacement scenario whereas other bars show immediate replacement of V70 

with respective cars. 

Fig. 13 illustrates that with a higher salvage value, a younger V70 gets expensive to own whereas the 

replacement cars become cheaper in next 13 years. This is mainly because a younger V70 depreciate 

more than the older ones- higher current salvage value will have more 10% annual depreciation cost. 

Depreciation costs SEK 98,222, SEK 11,4592 and SEK 13,0962 as the salvage value increases from 

SEK 120,000 to SEK 140,000 and SEK 160,000 respectively. It should be noted that a 200,000 km 

driven V70 had already incurred the additional depreciation cost (in the past, thus not under 

consideration) that is making a younger V70 expensive to own in future. Moreover, ownership costs 

of the replacement cars get lower with increase in V70 salvage value because one can utilize higher 

salvage value of V70 now to buy the replacement car, eventually lowering the CoC on loan amount.  

4.4.2 Discount Rate Sensitivity Analysis 

In traditional economics, discount rate and inflation have inverse impact on each other i.e., when the 

inflation is high a central bank can increase the discount rate so people would rather save money 

instead of spending by promising them a higher return in future. This eases the pressure of high 

demand from the market, lowering the commodity prices. A positive discount rate means that less 

money today equals to more money tomorrow. In earlier analysis of replacement scenarios 2% 

inflation rate and 0% discount rate have been used to estimate the present worth of future cashflow. 
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Therefore, inflation contributes a part of the rising trend of annual TCO as the replacement gets 

delayed (Fig. 12). The aim of sensitivity analysis is thus to know how much TCO would change in 

today’s value of money if the discount rate changes. For that, 2%,  4% and 6% discount rate is used 

along with 2% inflation in Eq. 4, as illustrated in Fig. 14. When the discount rate is 2% then PWF is 

1- discount rate and inflation are equal (2%) and balancing each other. Hence, the increase in future 

prices due to inflation will be offset by the increase in the value of today’s money. Therefore, color 

intensity decreases in Fig. 14 as discount rate increases from 0% to 2% (for each replacement car). 

Likewise, if a higher discount rate were introduced, the value of today’s money would grow at a higher 

rate than the inflation, declining the present worth of the future costs. That is, as we move to a higher 

discount rate, the change in color intensity decreases by delaying the replacement (see Fig. 14). 

Moreover, by increasing the discount rate, the drop in annual TCO is relatively more in respective 

replacement scenarios with new car vis-à-vis the used car scenarios as the new cars include four 

additional years in future (see section 3.2.1). Nevertheless, it is unlikely that the discount rate 

(Reference Rate) would rise beyond 2%: Riksbank’s hopes that 2% discount rate will bring current 

inflation levels to the targeted 2% by year 2024 (Riksbank, 2022b, 2022c). So, values against 2% 

discount rate are deemed more relevant for replacement decision making in near future.  

 

Fig. 14. Sensitivity Analysis- illustrating the sensitivity of annual TCO in Swedish Krona (SEK) to the changes 

in discount rate against the time of replacement. Comma is used as thousand separator.  

This study acknowledges that in reality, the prices of BEVs are expected to drop and increase for ICE 

in future (BloombergNEF, 2022b). This will have big impact on replacement decision. For instance, 

in a case wherein additional cost of delaying the replacement decision (compared to immediate 

replacement scenario) is offset by significant decrease in BEV price, insurance costs, or energy costs 

in future. The effect of dropping BEV prices coupled with Swedish government’s preference for 

electric mobility in future is already making ICE cars depreciate more than the electric ones. 

Nevertheless, there is a possibility that government may remove subsidies in future due to BEV price 

reduction. In that case, current BEVs in market may cost same in the future unless challenged by 

newer and cheaper ones. Consideration to all those factors was beyond the scope of the current study. 

However, unless some disruptive changes occur in TCO structure covered, the study can guide the 

replacement decision in near future.  
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5 Discussion 

5.1 Implications of the Study  

5.1.1 Implication for Old Car Owners and Society 

The purpose of this study is to probe if it is economical to replace an old emissions intensive ICE car 

with more efficient ICE car or electric cars. On average, during operation, the old car (V70) with 

stated specifications emits about 179g of CO2/km whereas the replacement cars V60 (ICE), V60 

(PHEV) and Model 3 emit 142g CO2/km, 18g CO2/km and 0g CO2/km respectively (Carinfo, 2022c; 

Volvocars, 2022b, 2022c). Therefore, targeted audience of this study are the V70 owners- most 

registered old car in Sweden (until 2017). Excluding scrapped and exported, there are currently 97793 

V70s with petrol engine in Sweden; of which 52% V70s have similar specifications as covered in this 

study (2.4-liter petrol, 170-180 hp) (Carinfo, 2022c). Moreover, majority of them have milage within 

or beyond the range of 150,000-200,000 km. Hence, results presented in this study suggest that for 

next 13 years in Sweden, it is economical to replace these 50448 V70s with specified replacement cars 

(either new or used) instead of keep using them. The replacement is most economical if done now (in 

2022). Here, it should be noted that if most V70 owners go for immediate replacement, then salvage 

value of V70 may drop immediately. Moreover, due to high demand of a particular BEV, the prices 

may not drop as anticipated in coming years. Irrespective of when the replacement is done, the most  

economic replacement is Tesla Model 3 among the new cars and V60 (PHEV) among used cars 

covered in the study. However, among used replacement cars, TCO of V60 (PHEV) is slightly less 

than that of Model 3. The latter being BEV, is soon expected to fill that gap- the government is 

discouraging PHEVs in favor of BEVs (Swedish Climate Policy Council, 2022). Also, among similar 

segment cars lowest TCO for a BEV indicates that Sweden is heading towards complete electrification 

of car fleet- ground reality and policies are aligned.  

When suggesting the replacement of a relatively younger V70, the conclusion “younger the car is 

economical the replacement will be” suggests that the car owners should switch to a newer car as soon 

as possible. This would burden the environment with more resource use- contrary to what is intended. 

Therefore, when suggesting the replacement, it is assumed that the V70’s salvage value corresponds 

to the current milage of 150,000 km to 200,000 km. Moreover, complementing this study from 

emissions perspective, another ongoing study (Wissert, 2022) has probed when the replacement of old 

V70 is least emissions intensive with the new V60 (ICE) and Polestar 2 (BEV). She recommends using 

V70 until it reaches the milage of 200,000 km if it is to be replaced by V60 (ICE). That is, considering 

emissions from the production, operation and EoL of both cars, replacing V70 before or after 200,000 

km will result in more emissions. Likewise, if the replacement is to be done with Polestar 2 (BEV) 

then V70 should be replaced as soon as possible in its lifespan (ibid.). This is mainly because BEVs 

cause most emissions during its production (ibid.).  

For V70, this study is not strictly limited to petrol engines but can easily be modi fied for diesel engines 

with similar power output as covered.  A V70 with diesel engine (D4, 181 hp) and similar milage has 

higher salvage value and lower fuel consumption vis-à-vis petrol V70 (Carinfo, 2022d). Mekonomen 

Group’s experts also told us that a diesel engine requires more maintenance relative to petrol engines. 

These price variations are easily adjustable in current calculations and will show if it is still 

economical to replace a diesel V70 with the replacement cars covered in this study. For  instance, Fig. 

10 illustrates that with lower fuel consumption (adjusted to diesel price) will yield lower overall TCO 

of a diesel engine V70- fuel accounts for highest share in a V70 costs. Moreover, sensitivity analysis 

unveils that higher current salvage value of a diesel V70 will favor immediate replacement. Here, the 

purpose is not to produce the exact calculations for a diesel engine V70 but to h ighlight that the 

framework of calculations can be adjusted to any V70 irrespective of its fuel and engine type. 

Additionally, calculations can also be expanded for any other older and replacement cars with the 
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inclusion relevant cost data. Hence, a data analytics-based tool can be developed, suggesting those 

driving emissions intensive old cars a cleaner and economic replacement option available in the 

market. As results suggest, replacing old cars (that constitute more than half of Swedish car fleet) with  

BEVs will catalyze the pace of transition from 1 million electric cars to milestone target of 2 million 

cars in Sweden by 2030. Eventually, making the country a fossil free society by 2045 wherein private 

transport currently contributes to 21% of total emissions (Swedish Climate Policy Council, 2022).  

5.1.2 Implications for Mekonomen Group 

Combustion engine cars need more spare parts compared to battery electric vehicles. Fundamentally, 

with a functioning engine an ICE car needs cooling system, gearing system and exhaust system etc. 

All these components need periodic check-ups and repairs. Whereas a BEV has none of these thereby 

requiring fewer spare parts. Historically, selling spare-parts accounted for the largest share in MG’s 

profit. Particularly, primary customers of the group own a five-year or older ICE car (requiring more 

repairs vis-à-vis the new) and V70s account for a substantial share. However, in times when 

Mekonomen Group is aiming to adapt to electric mobility transition, owing to its market presence, it 

can also catalyze the transition by suggesting its customers to shift to an EV.  

Business vision of MG is “Enabling Mobility” today and in the future by adapting to societal and 

industrial trends (Mekonomen Group, 2022c). Commitment to enable mobility in any form- not 

necessarily through combustion engine- shows that the group is envisaging inevitability of electric 

mobility transition. The need of rapid adaptation is also being felt due to the group’s noticeable 

presence in Norwegian market which observed most BEV sales share in 2021 than any other country 

(Reuters, 2022). MG is not alone but overall, original equipment manufacturers (OEMs) are destined 

to undergo this transition in order to retain their market standing. Analysis of automotive supply chain 

shows that market share of traditional spare parts like engine components, gears, exhausts etc. will 

decrease from 26% in 2019 to 11% in 2030 (McKinsey & Company, 2021). Moreover, the difference 

will be offset by the emergence of electric car specific components like sensors, batteries, diagnostic 

tools etc. (ibid.). Recently, MG along with other notable OEMs has organized an event focusing on 

the development of BEV diagnostic tools (Mekonomen Group, 2022a). Being a sophisticated 

technology, BEVs are mostly being serviced by their respective car brands. Therefore, developing 

diagnostic tools for after-market service providers like MG will not only enhance their capacity in the 

BEVs but also help them offer low-cost service. In addition, training personnel in servicing BEVs is 

another core competency. The group has internally started training professionals in electric car 

servicing to ensure that the workshops meet group’s own “E+” standard (Mekonomen Group, 2022b). 

Level 1 of E+ standard guarantees that a workshop is able to perform 80 percent of work required by 

a modern EV whereas level 2 requires expertise in servicing high voltage components (ibid.). After 

achieving level 1, the group is now intensifying its efforts to meet level 2 of E+ standard. Moreover, 

the group has recently achieved a milestone of 1,500 electric vehicle workshops (ibid.).   

Where there is an urgency of coping with market needs, new opportunities are also there for spare -

parts businesses. Mekonomen Group is currently seeking collaborations to introduce new electric car 

brands in the Nordic market as their authorized service partner. Building upon TCO framework of this 

study, the partnership can introduce more cost-effective BEV models in the market (as replacement 

cars to old fossil fuel cars) vis-à-vis established competitors. Insurance costs of BEVs are observed to 

be significantly higher than that of ICE cars. This could be another area of opportunity for MG. The 

group can collaborate with insurance companies to offer cheaper BEV maintenance and repairs 

compared to car manufacturers so the latter can lower the insurance costs. A big share of MG’s 

customers constitute of company cars (corporate cars fleet etc.). Sharing findings of this study, 

especially breakdown of individual costs, will help businesses choose cheaper and cleaner  cars in 

future.  
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5.2 Realizing Sustainable Mobility in a Race towards Net-Zero 

Emissions 

Environmental quagmire goes beyond climate change (emissions). There are essential processes that 

maintain the planetary balance of Earth to make it a livable place. Combined, these processes shape 

our environment and are referred as Earth Systems (ES) by (Rockström et al., 2009). Scientific 

community has the consensus around nine planetary boundaries (PB); each boundary implies the limit 

of a process transgression of which can affect the functioning of whole ES (Steffen et al., 2015). 

Climate change is one of those nine processes whereas others include biodiversity loss, ocean 

acidification, biochemical flows etc. (ibid.). Due to the complexity of our ecosystem, it is yet fully 

unknown how these processes complement each other- for instance, how biodiversity curbs climate 

change or maintained climate thrives biodiversity (ibid.). Therefore, crossing boundary of one process 

can initiate abrupt, unforeseeable and non-linear impacts in other processes, affecting respective 

boundar(y)ies (ibid.). Planetary boundaries thus build on precautionary principle  to suggest a safe 

operating space for humanity. Hence, while climate change is being prioritized in a race to net zero 

other environmental impacts of consumerism must not be neglected.  

This study acknowledges that when the authors suggest replacement of V70 using its salvage value 

(which is certainly higher than the scrapped value), the car might still be on the road but driven by 

someone else. So, the environmental impact would increase from a holistic perspective. However, the 

results of this study are still valid because under the aegis of current economic setup the old car owner 

can earn the salvage value of his/her car by selling it. Nevertheless, it is assumed that by 2045, the 

total number of car in Sweden will remain the same or reduce due to mainstreaming of shared mobility 

services (see 1.2). Furthermore, operational and cost efficiencies achieved by the improvements in 

technology are often get offset by increased consumption- rebound effect or Jevon’s Paradox (Alcott, 

2005). Therefore, demand-side management is the part and parcel of climate action- to successfully 

decouple environment from the economy (Parrique, 2019). 

Policymakers and automotive industry should consider electric mobility transition as an opportunity 

for the inclusion of demand-side management. One pragmatic way of doing that can be diverging from 

a private ownership business model to several individuals sharing a car. So, replacing the old, 

emissions intensive and individually owned car with a newer, cleaner and shared car will dramatically 

reduce the overall resource footprint of automotive industry, making the mobility efficient and 

diminishing the risks of rebound effect simultaneously. Car sharing business models have evolved in 

Sweden since last 50 years; from cooperative sharing (individuals sharing for non -profit purpose) to 

business-to-customer (B2C) and peer-to-peer (P2P) sharing (Bocken et al., 2020). However, car 

sharing cannot fully offset private ownership model because of diverse commuting and personal 

preferences (e.g., convenience) of individuals (ibid.). So, car sharing companies can part icularly target 

customers who drive 2,000-8,500 kms per year (as car sharing is the most economical option in this 

range (Nurhadi et al., 2016)). MG also introduced a carpooling concept internally- employees who 

drive a car to work can share the ride with colleagues thereby reducing their costs and environmental 

impact from commuting. In Stockholm, a parking company (Aimo Park) is now offering BEV sharing 

services wherein parking fee is also included among insurance, maintenance, charging and taxes 

(aimoshare, 2022).  In addition, with numerous cars in the fleet, companies offering shared BEVs can 

get lower insurance quotes which is currently a major operating cost.  

In today’s societies, one mobility solution cannot suffice the complexity of commuting demands. 

Power of digitalization (data analytics in particular) can be utilized to optimally connect different 

modes of transportation- from traditional to modern- to plan a journey as per individual preferences. 

The idea of Mobility as a Service (MaaS) aims to realize this concept by providing masses a single 

interface to plan, book and pay for journeys (Butler, Yigitcanlar and Paz, 2021). So, by integrating 

electric scooter rides with train or airplane, MaaS can potentially reduce overall dist ance travelled on 

a vehicle, vehicle ownership, enhance trip awareness and reduce parking congestions (ibid.) . In 
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addition, authorities can place taxes on certain depending on the time of a day and local setting (Wong, 

Hensher and Mulley, 2020). 
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6 Conclusion and Room for future studies 

Recapitulating, this study combines economic and environmental aspects of sustainability. In times 

when Sweden has pledged to be net-zero by 2045, this study probes if it is economical to replace an 

old emissions intensive ICE car (V70 with current milage of 200,000 km) with low-emission modern 

cars of similar size and different fuel types in Sweden. For that, this study builds on TCO framework 

to compare 13-year ownership costs of old V70 vis-à-vis new replacement cars if the replacement is 

done immediately (in 2022). Individual cost components of TCO considered are depreciation, fuel, 

insurance, taxes, maintenance and repairs, salvage value of V70 and the replacement cars and cost of 

capital. Replacement cars considered are V60 (ICE), V60 (PHEV) and Tesla Model 3. Moreover, TCO 

in case of replacement scenarios is calculated wherein each scenario indicates the time of V70’s 

replacement (now, 1 year from now and so on) with either new replacement car or its used model (4 

years old or 60,000 km driven). The results indicate that old V70 (having current milage 200 ,000 km) 

will be most expensive to own in next 13 years and the cheapest replacement car will be Tesla Model 

3 (BEV) among brand-new cars and V60 (PHEV) among used cars. The results also show that the 

replacement of a V70 is most economical now (in 2022) and gets expensive with time- because of the 

inclusion of higher V70 costs vis-à-vis the replacement cars by each year of delay. In case of delayed 

replacement, this study estimates combined annual TCO of V70 (until replacement year) and the 

replacement car (until its EoL). Breakdown of individual cost components of TCO unveils important 

insights: fuel costs are major contributor case of old V70 and depreciation in case of  the replacement 

cars. Moreover, BEVs insurance costs are high enough to offset savings from fuel and maintenance 

costs, and finally, depreciation (as % of new car price) is least for BEV followed by PHEV and ICE 

among replacement cars.  

Sensitivity analysis is also done to see if the replacement of a relatively younger V70’s (currently 

having less milage than the assumed 200,000 km) is also economical. So, to mimic a younger V70 

(having milage between 150,000 to 200,000 km), higher salvage value is used as an economic 

indicator. The sensitivity analysis revealed that in next 13 year, it will be more expensive to own a 

younger V70 (due to higher depreciation) whereas its replacement will be more economical (higher 

current salvage value can be utilized to buy the replacement car). Additionally, sensitivity of TCO is 

analyzed against higher discount rates (2%, 4% and 6%) vis-à-vis base value of 0%. The analysis 

revealed that the higher discount rate will reduce the present worth of future cashflow.  

The findings indicate that mobility sector is destined to go electric, and Sweden is ready to embrace 

the transition. The transition will thus mean an overhaul of automotive aftermarket - threatening ICE-

oriented traditional spare-parts businesses but simultaneously opening new avenues of pioneering in 

servicing electric vehicles.  

Nevertheless, this study does not take into account the future price variation in associated costs. Prices 

are assumed to be only varied by inflation and RR of Swedish central bank. For instance, purchasing 

price of BEVs are expected to decrease whereas increase for ICE cars in near future but the variation 

is not accounted for. Trend of new car prices will also directly affect depreciation costs. Similarly, oil 

prices are anticipated to increase by 2-4 times by 2040 compared to 2016 (IEA, 2016). In short term, 

energy prices (electricity) may also increase until the fossil -based electricity production is offset by 

substantial share of renewable electricity (ECB, 2022). However, in this study, oil and electricity 

prices are supposed to increase at historical average. Insurance prices of BEVs are currently high but 

due to widespread adoption may decrease in future. Therefore, in rapidly changing cost dynamics, 

future studies can accommodate these price variations for more accurate results. In addition, more 

accurate results can be obtained by including additional sample cars when calculating depreciation. 

Costs are also subjected to individual’s driving behavior, additional after-market accessories, parking 

fees etc. but these factors are not considered in this study. 
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9.2 Annex 2  

Table 3: Repairs Survey Table for V70 and V60 (limited) 

MECA 

Product 

Categories 

Spare Part 

Distance Driven (km) 

Cost/Unit 

Repair 

Time 

(hours) 
< 

100,000 
100000 120000 140000 160000 180000 200000 

Brake systems 

Brake Pads              

Brake Disc               

Brake Piston                

Hydraulic 

Cylinder 
               

Others (insert 

a row to 

specify) 

               

 

9.3 Annex 3  

Table 4: Data Gathering; Depreciation Trend of V60 (ICE) During First 4 Years of Ownership 

Car Mod

el 

Year 

Age 

(year

s) 

Reg. 

num 

Engin

e 

Powe

r (hp) 

Milag

e 

(km) 

Curre

nt 

Value 

(SEK) 

Origina

l. Value 

(SEK)  

Depreciati

on (%) 

Depreciation/

yr. 

V60 2022 0 ZDS12

P 

197 10000 36200

0 

41900

0 

13.60 12.36 

V60 2022 0 DEB16J 197 7990 36730

0 

41900

0 

12.34 

V60 2022 0 BXH24

H 

197 3250 38290

0 

44000

0 

12.98 
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V60 2022 0 GDR07

P 

197 8640 37670

0 

42390

0 

11.13 

V60 2022 0 WNN80

Z 

197 0 36980

0 

41900

0 

11.74 

V60 2021 1 RAL44

A 

197 40560 34260

0 

42390

0 

19.18 15.90 

V60 2021 1 FNB45T 197 18250 36240

0 

42390

0 

14.51 

V60 2021 1 ZKO144 197 12360 36210

0 

41900

0 

13.58 

V60 2021 1 HFD88Z 197 22300 35820

0 

42390

0 

15.50 

V60 2021 1 WXU88

H 

197 30170 35300

0 

42390

0 

16.73 

V60 2020 2 EYJ55G 190 59730 32490

0 

42390

0 

23.35 22.21 

V60 2020 2 RET54C 190 35180 33380

0 

42390

0 

21.26 

V60 2020 2 FLB58T 190 22920 32960

0 

42390

0 

22.25 

V60 2020 2 AYF52F 190 45360 33090

0 

42390

0 

21.94 

V60 2020 2 HFP01E 190 31790 32970

0 

42390

0 

22.22 
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V60 2020 2 CCA33

D 

190 30630 32970

0 

42390

0 

22.22 

V60 2019 3 PGJ340 190 65290 28400

0 

42390

0 

33.00 33.67 

V60 2019 3 GSE368 190 83090 27300

0 

41900

0 

34.84 

V60 2019 3 RBT31

1 

190 79600 28040

0 

41900

0 

33.08 

V60 2019 3 YNU975 190 73930 27730

0 

41900

0 

33.82 

V60 2019 3 TRH723 190 70000 28150

0 

42390

0 

33.59 
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