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1 Executive Summary 

In 2016 the European Consumer Organisation (BEUC) commissioned Element Energy to produce a 
report on the Total Cost of Ownership (TCO) of a range of vehicle technologies in the 2020s. The aim 
of the work was to better understand whether the transition towards lower emission vehicles in the 
future, driven primarily by increasingly stringent new car CO2 standards in Europe, would have positive 
or negative financial impacts for consumers. The report showed that on average in Europe, emission 
reductions in conventional vehicles continued to lead to ownership cost reductions, since the fuel cost 
savings outweighed the additional cost of more efficient vehicles. It also found that advanced vehicle 
technologies such as plug-in hybrids, battery electric and fuel cell vehicles become increasingly 
competitive with conventional vehicles until, in the 2025-2030 period, the TCO for a new vehicle owner 
is very similar for low/ultra-low emission vehicles and conventional cars. This evidence was used by 
BEUC to make the case for strong future CO2 targets for new vehicles, since deep decarbonisation of 
light vehicles, with the added benefit of reduced urban air pollution, provides both economic and 
environmental benefits.  
 
The input assumptions for the 2016 study were intended to represent an ‘average’ European case, for 
example using average values for the annual driving distance and fuel prices across all Member States. 
In addition, incentives and taxation measures were not explicitly considered, since these vary 
significantly by Member State and the aim of the work was to assess the fundamental costs of low 
emission vehicle technologies without effects of taxation.  
 
Following the publication of the European study, BEUC and its members (national consumer 
organisations) wished to consider how the results would vary between specific Member States, taking 
into account local prices, driving patterns etc. These country-specific studies also allow the effects of 
national incentives and taxation regimes to be modelled. Element Energy was commissioned to carry 
out these country-specific studies, using the same core methodology and model as the European study 
to ensure that the results are comparable. This report contains the results of this analysis for Lithuania.  
 
The model used in this work forecasts changes to the costs and efficiency of a range of vehicle 
technologies including conventional petrol and diesel models (ICEs), pure hybrids (HEVs), plug-in 
hybrid electric vehicles (PHEVs), battery electric vehicles (BEVs) and fuel cell vehicles (FCVs) over 
time from 2015 to 2030. This is based on the latest evidence for future technology deployment, 
component costs, running costs (e.g. fuel costs, depreciation, maintenance and insurance), accounting 
for fuel consumption in real-world driving. This data is used to calculate the TCO which is the total cost 
of purchasing, running and selling a vehicle. This includes maintenance, insurance, fuel, finance, tax 
and depreciation costs.  
 
This report updates the model inputs to produce Lithuania-specific results. These changes include using 

country-specific financing rates and projections, tax rules and fuel prices. Additionally, the model was 

updated to include LPG cars which are more numerous Lithuania than in most other Member States.  

Due to the number of changes in input assumptions on the price of oil and battery technologies, this 

report’s figures are not directly comparable with the European-wide study but the overall trends, and 

comparisons between powertrains are valid and comparable. Even with these changes, the overall 

technology cost rankings are similar in 2018 for Lithuania as the EU study, except for the much lower 

fossil fuel prices which mean that C- and H-segment BEVs only reach TCO parity after 2030 while B-

segment BEVs reach TCO parity between 2020 and 2025. This shows that although general trends are 

similar between countries, small changes in inputs like the fuel price can have a relatively strong effect 

on TCO. This also demonstrates the importance of fuel taxes and the influence the government can 

have on TCO by simply adjusting fuel taxes and increasing the cost of fossil fuels.  
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Figure 1 4-year TCO with vehicle purchase in 2018 for a new C segment car 

The main changes made for this work were the addition of an LPG powertrain as well as the addition 

of Lithuanian registration fees and Lithuanian fuel prices (and excise taxes). The analysis shows that a 

lack of vehicle taxation policies or incentives, for example based on CO2 emissions or engine 

size/power, along with low fuel prices and taxes, means that BEVs take much longer to reach TCO 

parity with conventional powertrains. In this scenario, high emission conventional powertrains are not 

penalised by taxes and benefit from low fuel prices while BEVs do not receive incentives or special 

tariffs on electricity for charging. This results in a market in which it is considerably more challenging for 

the lowest emission vehicles to compete, relative to other Member States with higher taxes and fuel 

prices. 

The most effective tax policies in the EU for encouraging ULEV uptake (and discouraging the purchase 

of high emission vehicles) are based on CO2 emissions, as they directly reward the most efficient 

vehicles. Basing a policy on CO2 emissions allows for more effective differentiation between vehicles 

and allows policy-makers more freedom to increase charges on polluting vehicles or to create dedicated 

incentives for ULEVs. To show the impacts of CO2-based vehicle policies, the current Slovenian tax 

rules and incentives were simulated for the Lithuanian market. The policies strongly reduce TCO gap 

between conventional and low emission vehicles, making BEVs more viable, particularly when including 

the current generous purchase incentives of €7,000 for BEVs and €4,500 for PHEVs. 

Three of the key trends in the 2020s in the EU TCO study were a convergence in first owner TCOs 

between technologies over time, a reduction in TCO for second-hand vehicles compared to new 

vehicles, especially for low emission technologies, and lower relative TCO for low emission vehicles in 

the larger segments. These trends are again observed in the Lithuanian case study, but the lack of 

comprehensive taxes and incentives coupled with low fossil fuel prices means these trends are slower 

in Lithuania compared to the other Member States. This means that the crossover point (the date when 

electric vehicles are cheaper than conventional vehicles) for new Segment C (medium-sized) cars 

remains in the early 2030s, significantly later than in countries like Italy and Portugal, where strong 

vehicle taxation policies result in TCO parity in the early 2020s and 2018 respectively.  
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2 Introduction 

The reduction of emissions from cars and vans is a key policy objective at a European level as a part 

of the ongoing effort to avoid dangerous climate change, improve local air quality, reduce fuel costs and 

improve energy security. CO2 emissions from light vehicles are currently regulated by two EC 

Regulations, which require average new car emissions to fall to 130g/km in 2015 and 95g/km in 2021 

and van emissions to reach 175g/km in 2017 and 147g/km in 2020.1 These regulations have been 

successful in driving down new vehicle emissions as measured on the NEDC test, though the increasing 

gap between test cycle and real-world emissions has compromised some of these savings.  

The progress in efficiency to date has been achieved while providing lower total costs of ownership to 

users, as small increases in the purchase prices of more efficient vehicles have been easily offset by 

ongoing fuel savings. According to a European Commission evaluation of the new vehicle regulations, 

new vehicle emissions regulations are estimated to have generated net economic benefits of €7.3 

billion2. The additional purchase cost of a new car in 2013 was €183 per car compared with a 2006 

vehicle, which is offset by lifetime fuel savings of €1,336 for petrol cars and €981 for diesel cars. 

To date, European emission standards have led to vehicle efficiency improvements through the 

introduction of low emission technologies which have provided a number of consumer benefits including 

cheaper mobility. In 2015, as policymakers’ focus turned to the design and level of ambition for post-

2021 CO2 targets for light vehicles, BEUC commissioned Element Energy to assess whether stricter 

targets would continue to deliver financial benefits to end users, or whether increasing costs of 

delivering deep CO2 reductions would come at a net cost to consumers. The 2015 study had the 

following objectives: 

• Synthesise the latest evidence on future costs and performance of new cars, covering 

incremental improvements to petrol and diesel cars as well as ultra-low and zero emission 

powertrains 

• Develop a robust set of assumptions for the other components of vehicle ownership costs, such 

as depreciation rates, fuel costs, maintenance and insurance, and how these are likely to evolve 

in the future for each powertrain 

• Calculate the TCO (Total Cost of Ownership) for different powertrains in 2020, 2025 and 2030. 

This included an assessment of how costs are likely to vary for first, second and third owners. 

• Examine the sensitivity of the results to changes in input assumptions, e.g. energy prices, 

annual driving distances etc. 

• Draw conclusions on the implications of the results for post-2020 policy mechanisms to drive 

decreases in new vehicle emissions 

The original study, completed in 2016 and hereafter referred to as the ‘EU TCO study’, provided 

information on the average TCO of a range of conventional and low emission vehicles for an ‘average 

European consumer’. While this provided valuable information for consumer groups across the EU, 

some factors that affect the TCO such as vehicle usage patterns (yearly distance driven, fleet 

composition etc.), fuel prices and local taxes and incentives are very country-specific. In 2017, with the 

collaboration of local consumer organisations on data-collection and validation aspects, Element 

Energy was asked to carry out country-specific case studies for a range of EU Member States. This 

report covers the case of Lithuania. 

As these supplementary reports will make use of the same models and methods used in the original 

report these will not be discussed here in detail. Instead, these country-specific case study reports focus 

                                                      
1 For cars: Regulation (EC) No 443/2009; for vans: Regulation (EU) No 510/2011 
2 European Commission (2015): Evaluation of Regulations 443/2009 and 510/2011 on CO2 emissions 
from light-duty vehicles 
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on the model inputs and results that are significantly different from the EU average and are therefore of 

particular interest to consumers in the regions of study. 
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3 Cost and Performance Dataset 

 Segments and Powertrains Covered 

The focus of this study is on the Total Cost of Ownership (TCO) for passenger cars sold between 2015 

and 2030. Vehicle costs, and fuel and electricity consumption figures are provided by Element Energy’s 

Car Cost and Performance Model. This model contains a database of vehicle costs and CO2 emissions 

for 12 vehicle technologies, including conventional petrol and diesel internal combustion engine (ICE) 

models, pure hybrids (hybrid electric vehicles, or HEVs), plug-in hybrid electric vehicles (PHEVs), 

battery electric vehicles (BEVs) and fuel cell vehicles (FCVs), and their evolution over time from 2015 

to 2050. To capture the differences between cars of different sizes, this model provides outputs for each 

of the nine vehicle segments defined by the UK Society of Motor Manufacturers & Traders (SMMT), 

which are very similar to the classification scheme used by the European Automobile Manufacturers 

Association (ACEA) in their annual Pocket Guide. Full details on the data sources and underlying 

methodology for the cost and performance model are set out in the 2016 EU TCO study. A summary is 

provided below, with a focus on the Lithuania-specific assumptions used in this case study. 

 

Figure 2: Segmentation of cars in EE’s Cost and Performance Model and powertrains covered.3  
Approximate market shares shown in brackets4 

 Modelling Approach 

To generate the total purchase price of vehicles, the Cost and Performance Model employs a bottom-

up approach, where the costs of individual powertrain-specific components are added to an original 

chassis cost (see Figure 3). The original chassis cost encompasses all non-powertrain specific 

components, for example excluding the engine, motors, and efficiency technologies deployed on future 

vehicles. It is calculated for each segment by removing the sales margin, and costs of the engine, 

efficiency measures and additional transmission components from the average purchase price of petrol 

and diesel ICE vehicles in 2015. The Cost and Performance model is based on data from a range of 

sources detailed in the original EU-wide report. The Ricardo-AEA (2015) report for the European 

Commission has been selected as a key source of data on incremental improvements to conventional 

powertrains, because it represents the latest and most detailed dataset that has been extensively 

                                                      
3 ICE = internal combustion engine, HEV = full hybrid, PHEV = plug-in hybrid, BEV = battery electric 
vehicle, FCV = fuel cell vehicles 
4 ICCT Pocketbook 2014 
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reviewed by automotive experts and industry stakeholders, and ensures consistency with the data used 

to underpin the Commission’s own modelling on future CO2 targets. 

 

 

Figure 3: Representation of the bottom-up approach employed in the Cost and Performance 
Model 

 

 Electric Vehicle Battery Costs  

Batteries for plug-in hybrid and battery electric vehicles have a strong influence on vehicle costs, as 

they are the single largest contributor to the increased purchase price of these vehicles relative to petrol 

or diesel models. The cost of the battery increases with capacity, hence car manufacturers face a trade-

off between maximising electric driving range and minimising vehicle costs. In this study, battery costs 

and energy densities are based on Element Energy’s recent component cost modelling exercise for 

automotive batteries, which provides outputs for different battery sizes on a kWh basis. Cost on a per 

Figure 4: Battery cost scenarios for a medium segment vehicle (C/D) from Element Energy’s 
recent component cost modelling and recent OEM announcements 



 Low carbon cars in the 2020s 
Lithuania Case Study 

 

10 
 

 

kWh basis decreases with battery size as the contribution of fixed costs (for example wiring and the 

battery management system) becomes smaller per kWh. Figure 4 shows cost scenarios for batteries 

representing a suitable pack size for both current and next generation BEVs in the medium (C/D) 

segment. 

Two scenarios are provided in the figure above: the first represents the costs given by considering all 

raw materials, components and manufacturing steps, based on literature data and interviews with 

battery manufacturers. The projections for this “Baseline scenario” are based on the expected changes 

in battery chemistries and production volumes, and have been validated by industrial battery suppliers 

and university research centres.  A second, more optimistic “OEM Announcements” case is based on 

announcements by car OEMs on future cell and pack target prices (such as Tesla, LG and GM). These 

costs tend to be lower than costs derived from bottom-up models, with an aggressive price-drop 

between 2015 and 2020 and more limited falls thereafter. 

These cost assumptions have been updated since the original study was published, and although the 

prices on a €/kWh basis have not changed very much compared to the previous study’s assumptions, 

electric vehicle ranges (and battery capacities) have increased, making the overall battery pack cost 

slightly higher than in the previous study. The new and updated ranges for a C-segment vehicle are 

depicted in Figure 5. 

The updated battery pack costs and vehicle ranges which are presented here are consistent with other 

recent studies on automotive batteries such as “Fuelling Europe’s Future 2” (published by the European 

Climate Foundation in February 2018). In that study, the ‘OEM announcements’ scenario was used as 

this reflects the latest evidence on battery cost trends. For this reason, throughout the rest of the study 

the results are based on the “OEM Announcements” scenario unless explicitly stated otherwise. 

  

Figure 5: Updated range projections for C-segment BEVs up to 2040 
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4 Vehicle Ownership Costs 

 Fuel and Electricity Prices 

The TCO model predicts fuel price by calculating the past difference between oil price and automotive 

fuel price, and then using this as a correction factor to calculate future fuel prices from oil price 

projections. These calculations use the IEA World Energy Outlook 2017 central case for the input oil 

price projections. This predicts the current low oil price rebounds to $79/bbl in 2020, rising to $94/bbl in 

2030 and $111/bbl in 2040. This method calculates the pre-tax fuel price, and the final retail price is 

determined by adding the national fuel tax and VAT. Until 2018, Lithuania was the only countries to 

enforce the lowest excise tax rates on diesel which are allowed by the Energy Taxation Directive5 (330 

€/1000 litres), It raised its diesel excise taxes to 347€/1000 litres on the 1st of January while unleaded 

petrol is taxed at a rate of 434,43 €/1000 litres6 and LPG at 304.1 €/tonne (c.167€/1000 litres7). The 

VAT rate on fuels in Lithuania is set at 21%. An overview of the fuel price compositions is given in Table 

1 below. 

Table 1 Overview of 2018 reference fuel cost data 

Fuel Pre-Tax Price (₵/l) Fuel Duty (₵/l) VAT Retail Price (₵/l) 

Petrol 48.43 43.43 21% 111.17 

Diesel 53.18 34.70 21% 106.33 

LPG 26.96 16.70 21% 52.83 

 

The electricity price used in the model for 2018 was provided by ALCO and starts 0.1130 €/kWh. 

Projections from 2015-2050 for the average domestic price of electricity for Lithuania were calculated 

using output data from the PRIMES model. This model is used by the European Commission to model 

the EU energy system. It simulates energy consumption and the energy supply system on an EU level 

and is used for projections and analysing the impacts of various policy decisions8. The year-on-year 

percentage difference in electricity price from the model was applied to the 2018 electricity cost for 

projecting the electricity price out to 2050. The cost of electricity is forecast to rise into the future due to 

additional infrastructure investment and increased decarbonisation. However, the tendency to charge 

vehicles overnight, when electricity demand is reduced, means that these projected prices will likely 

overstate the overall cost of charging if overnight tariffs are made available to consumers. The exact 

cost of vehicle charging is difficult to quantify, as it is dependent on when an owner chooses to charge, 

whether they use public and rapid charge points, and the value of grid balancing services offered. 

Current Lithuanian electricity price structures do not have discounted rates for electric vehicle charging 

so the average rate for a household customer of 11.3 c/kWh9 in 2017 was used. 

4.1.1 LPG scenario in Lithuania 

The Alliance of Lithuanian Consumer Organisations (ALCO) requested the addition of an analysis on 

LPG powertrains due to the large market share which is unaccounted for in official registration figures. 

This is because LPG conversion is usually performed after initial registration and the vehicles are not 

re-registered after conversion. Evidence for this is LPG’s share of yearly fuel sales in Lithuania. These 

                                                      
5 https://ec.europa.eu/taxation_customs/business/excise-duties-alcohol-tobacco-energy/excise-duties-
energy/excise-duties-energy-tax-rates_en 
6 http://finmin.lrv.lt/en/competence-areas/taxation/main-taxes/excise-duties 
7 Subject to butane-propane relative weight and assuming LPG’s density is c.548-550g/dm3) 
8 https://ec.europa.eu/clima/policies/strategies/analysis/models_en 
9http://www.eso.lt/en/home/electricity/tariff-plans-prices-settlement-and-debts/electricity-rates-
2017.html 

https://ec.europa.eu/taxation_customs/business/excise-duties-alcohol-tobacco-energy/excise-duties-energy/excise-duties-energy-tax-rates_en
https://ec.europa.eu/taxation_customs/business/excise-duties-alcohol-tobacco-energy/excise-duties-energy/excise-duties-energy-tax-rates_en
http://finmin.lrv.lt/en/competence-areas/taxation/main-taxes/excise-duties
https://ec.europa.eu/clima/policies/strategies/analysis/models_en
http://www.eso.lt/en/home/electricity/tariff-plans-prices-settlement-and-debts/electricity-rates-2017.html
http://www.eso.lt/en/home/electricity/tariff-plans-prices-settlement-and-debts/electricity-rates-2017.html
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statistics show that in 2007, LPG made up 14.2% of all transport fuel sold on the market (the remaining 

shares are 57.2% diesel, 24.9% petrol and 3.7% biofuel) and it is suspected that this share has 

increased in recent years. Given this market share, LPG vehicles are included in order to assess the 

economics of low emission vehicles relative to conventional petrol and diesel cars but also relative to 

low cost aftermarket LPG conversions. 

Average monthly LPG prices were gathered for 2017 and 2018 from a national fuel prices aggregation 

website10, which gave an average of 52.83 c/l. This is the initial value used for the price of LPG which, 

in the absence of national price projections, then evolves according to the projected yearly percentage 

changes in oil prices taken from the EU Reference Scenario 201611. This method was chosen because 

LPG is a useful product of crude oil refinement processes. Although crude oil prices don’t predict LPG 

prices perfectly, historical prices show that they do follow the same trends due to the fact that crude oil 

is LPG’s single largest material cost and that petroleum products and fuels such LPG and natural gas 

have traditionally had their prices indexed to oil.  

The base conversion cost of 600€ was added to the capital cost of a petrol vehicle to simulate a 

converted LPG vehicle. In addition to this, many LPG conversion kit companies advertise increases in 

fuel consumption on a l/100km basis of 15-20% compared to the original petrol version, but anecdotal 

evidence gathered in Lithuania suggests that increases in fuel consumption are closer to the 40% figure 

which is used in our model. 

Despite the relative popularity LPG vehicles in Lithuania, there is uncertainty over their long-term role 

in the decarbonisation of passenger vehicles. In the short to medium term they offer an affordable way 

to reduce local pollutant emissions (NOx, PM, etc.) but are ultimately limited in their potential 

contribution to meeting CO2 targets (although LPG combustion is cleaner, overall CO2 emissions 

savings range from approximately 0-20% depending on the quality of the conversion). BEVs, PHEVs 

and FCEVs deliver significantly higher emissions savings (assuming low carbon production of electricity 

and hydrogen) and significant deployments of these vehicles are required if long term climate goals are 

to be met. This should be taken into account when considering the TCO results relating to these fuels 

in Section 6. 

                                                      
10http://www.degalukainos.lt/degalu-kainu-statistika?date_from=2015-01-01&date_to=0&fuel_id=5 
[accessed 25/04/2018] 
11 
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13
.pdf 

http://www.degalukainos.lt/degalu-kainu-statistika?date_from=2015-01-01&date_to=0&fuel_id=5
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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Figure 6 Domestic electricity and fuel price scenarios used – VAT included.  No discount or night 
tariff is applied for electric vehicle charging 

The retail price of hydrogen is set to 10€ in 2018 and drops to 7€ in 2025. This represents the current 

price in hydrogen stations funded under several European projects and the price of hydrogen at the 

H2Mobility Germany network. The future price of 7€/kg represents a price that gives equivalent fuel 

costs per kilometre as a diesel car, and is consistent with the long term objectives of station operators. 

4.1.2 Electricity Costs for home photovoltaic array installations 

A new electricity tariff regime for domestic PV (photovoltaic) electricity production was set into law in 

Lithuania on the 1st of June 2018 which provides the owner of a domestic PV array 4 different tariff 

regimes to choose from when installing solar panels. This section quantifies the cost of owning a solar 

panel and its effect on the cost of electricity for charging an electric vehicle. Each of the pricing options 

has a slightly different structure which will affect the levelized cost of electricity (LCOE) produced. LCOE 

calculations account for installation costs and grid costs, and result in different €/kWh values for each 

option. The pricing structures are detailed below:  

• Option 1: variable cost of c.3.88 c/kWh for every kWh exported to the grid and re-imported for 

use 

• Option 2: fixed c.2.02 €/kW of installed capacity per month with no variable costs 

• Option 3: mix of option 1 and 2 with variable component and a fixed component 

• Option 4: no money is exchanged between the network operator and the PV array owner. For 

every kWh that is exported to the grid, 0.62 kWh can be imported without charge (this 38% 

difference represents distribution costs, billing costs etc) 

Table 2 below gives an overview of the different options available to Lithuanian home PV owners: 
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Table 2 Lithuanian tariff structure for household PV owners 

Option Import Price 

[€/kWh] 

Monthly Fixed Cost 

[€/kWp/month] 

Maximum imports as a 

% of exports 

1 0.03876 - - 

2 - 2.02191 100% 

3 0.01938 1.01156 - 

4 - - 62% 

 

Data on the cost of the PV panels were sourced from the Lithuanian DSO (Energijos Skirstymo 

Operatorius AB) which is currently offering turn-key solutions for home PV installations, while data on 

the panels’ monthly energy production came from PVWatts.com by NREL12.  

A table of the turn-key PV installation prices of varying sizes can be found in Table 7 of the Appendix 

along with assumed monthly electricity production values for several installed capacities in the city of 

Kaunas (approximately in the geographical centre of Lithuania).  

The following assumptions were used in all LCOE calculations: 

- For simplicity and due to a lack of data covering on-site energy usage for an average Lithuanian 

PV owner, calculations assume all electricity flows to the grid before being used by the EV 

owner for vehicle charging. This also reflects the fact that cars used for commuting are away 

from the home during the daytime where most PV electricity is generated. 

- Any cost benefits received by the EV owner are attributed fully to the vehicle (in terms of 

reduced annual charging costs). This avoids the need to simulate the effects on the overall 

household electricity bill which is outside the scope of the vehicle TCO calculation. 

- The solar panels’ output is measured over 20 years, so the capital cost is amortised over those 

20 years 

- The average solar panel degradation figure is assumed to be c.0.7% per year13,14 and is 

accounted for by using an “average efficiency” over its lifetime. 

- The only difference between the three panel types is their size, with the more expensive PV 

panels being more compact than the others. Only the “Premium +” panels are considered due 

to space-saving requirements. 

- The tariffs in Table 2 increase in accordance with electricity price projections used for the rest 

of the model (yearly percentage increase based on PRIMES). 

LCOEs, shown in Figure 7 below, were calculated for the 4 different tariff regimes for a range of different 

panel sizes. The figures presented were calculated by estimating the total number of kWh produced by 

the panels over their lifetime, calculating the cost of each kWh produced (depending on the tariff regime) 

and dividing the capital cost of the arrays over each kWh. 

For all panel sizes, the lowest LCOE was attained by subscribing to Option 2, where a fixed monthly 

fee is paid per kWp of installed capacity. 

                                                      
12 https://pvwatts.nrel.gov/pvwatts.php 
13 Photovoltaic Degradation Rates — An Analytical Review (D. Jordan, S. Kurtz 2012) 
https://www.nrel.gov/docs/fy12osti/51664.pdf 
14 Annual degradation rates of recent crystalline silicon photovoltaic modules (T. Ishi, A. Masuda 2017) 
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pip.2903 

https://pvwatts.nrel.gov/pvwatts.php
https://www.nrel.gov/docs/fy12osti/51664.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pip.2903
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Figure 7 LCOEs for electricity produced by a domestic PV array used to charge a BEV with the 
newly approved Lithuanian tariff regime 

In the above graph, there is a jump in price between the 5kWP array and the 6 kWP array. This is 

because administrative barriers have been streamlined for PV installations of 5kWp or lower, meaning 

it costs the utility more in permitting and administrative costs to install larger panels. 

Under the current Lithuanian scheme, any electricity produced which is injected into the grid and not 

used by the household is lost without remuneration. For this reason, the optimal strategy is to size the 

panel to cover household consumption.  

Figure 8 gives an estimation of a 5kWp array’s monthly production along with average monthly 

consumption figures for each of the vehicle segments being modelled.  
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Figure 8 Solar PV monthly energy production for 5kWp panel in Kaunas, Lithuania (Source: 
www.PVWatts.com) 

For the rest of this study, for analyses involving home PV charging, it is to be assumed that a 5kWp 

solar array is installed and the owner subscribes to Option 2.  

 Depreciation and residual values 

Depreciation, defined as the difference between the purchase price of a vehicle and its residual or 

resale value at the end of the ownership period, is the largest component of TCO for the first owner. 

Depreciation of ULEVs is difficult to predict because limited resale data is available for older ULEVs as 

there are relatively few second or third hand vehicles, and because the earliest models with limited 

driving ranges may not be representative of the used values for more capable vehicles sold in future. 

The original EU-wide study found that ULEVs on the market today have a similar residual value to 

petrol/diesel vehicles once purchase grants are taken into account and VAT is excluded. For this 

Lithuania-specific study, a central assumption of equal depreciation as a percentage of the purchase 

price is used for all powertrains as described in the EU TCO report. The model has been extended so 

that the same depreciation assumptions are applied to the new LPG powertrains added to the model. 

 Insurance and Maintenance 

Insurance and maintenance costs for best-selling vehicles were collected in the EU TCO study using 

cost calculators on popular car review websites (such as Whatcar in the UK). Insurance costs for BEVs 

and PHEVs were found to be comparable with those of conventional vehicles within each segment. 

Insurance costs are therefore assumed to be the same across all powertrains in the TCO calculation, 

and to increase at the historic rate of 0.2% per annum. For this country-specific report, the Europe-wide 

insurance figures have been used as ALCO confirmed that they were similar to typical Lithuanian 

values.  

The original EU TCO study found that servicing costs for PHEVs and BEVs were 30% and 50% lower 

than for a petrol or diesel model in the same segment. No reduction is assumed for HEVs while FCVs 

are assigned the same values as BEVs due to the similarity in powertrain components. This report does 

not include the cost of battery replacement in the baseline results, as it is currently unclear at what age 

batteries will have to be replaced, and whether EVs with battery replacements will then have extended 

Annual PV Production: 

- 5kW
p
 array = 4255 kWh 

Annual EV consumption: 

- B-segment = 2310 kWh 

- C-segment = 2349 kWh 

- H segment = 3108 kWh 
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lifetimes relative to petrol and diesel cars. The effect of battery replacement was simulated as a 

sensitivity in the EU study.  

 Ownership Periods 

The TCO results in this study are given for first, second and third owners of passenger cars, with 

ownership periods lasting 4, 5 and 7 years respectively. These figures are in line with the EU TCO study 

assumptions which in turn were based on an EU study of the 2nd hand vehicle market from 201615. 

reflects the tendency for ownership periods to increase with vehicle age. Correspondingly, annual 

vehicle driving distance is also known to decrease with vehicle age16. As such, annual mileages of 

15,000 km, 12,000 km and 10,000 km are applied to the TCO calculation for first, second and third-

hand owners respectively, which represent the EU-wide average mileages for each ownership period.  

 Proportion of Driving in Electric Mode 

The cost differential between electricity and liquid fuels, and efficiency of an electric powertrain, makes 

the TCO of a PHEV largely dependent on the proportion of driving carried out under electric power, 

denoted the utility factor in the WLTP17. For the WLTP the utility factor is calculated using a function 

derived from real-world trip statistics, which relates electric range to the proportion of driving completed 

in electric mode18. This relationship is used in the baseline scenario of this study to calculate the 

proportion of time operating in electric mode based on the all-electric range of vehicles in each segment.   

 Financing Cost 

As in the Europe-wide report the cost of financing is calculated as per the industry standard 

approximation19:  

𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 = 𝑚𝑒𝑎𝑛(𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑝𝑟𝑖𝑐𝑒, 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒) × 𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 × 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝑙𝑒𝑛𝑔𝑡ℎ 

For the Lithuanian extension, an annual financing rate of 4% and constant in time was chosen. This is 

lower than the 5% EU average and is based on data from the Bank of Lithuania20 which shows that the 

rate varied between 3% and 5% over the last year so a fixed value of 4% was chosen, based on inputs 

from ALCO. 

                                                      
15 Data gathering and analysis to improve the understanding of 2nd hand car and LDV markets and 
implications for the cost effectiveness and social equity of LDV CO2 regulations, K. Vanherle, R. 
Vergeer (2016) 
16 Ricardo-AEA (2015) Improvements to the definition of lifetime mileage of light duty vehicles 
17 European Commission, I. Riemersma (2015) Technical Report on the development of a World-wide 
Worldwide harmonised Light duty driving Test Procedure (WLTP), doc no. GRPE-72-02  
18 ECE/TRANS/WP.29/GRPE/2016/3, Annex 8, Appendix 5 
19 https://www.leaseguide.com/lease08/ [accessed 28/05/2018] 
20 http://www.lb.lt/en/lending-rates-1 [accessed 28/05/2018] 

https://www.leaseguide.com/lease08/
http://www.lb.lt/en/lending-rates-1
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Figure 9 Financing costs paid by the first owner of a C segment car purchased in 2018 

 Taxes and Incentives 

4.1.3 Current national tax regime 

Unlike the majority of European countries, Lithuania does not have a registration tax regime in place 

for non-commercial vehicles. The only costs incurred at the time of registration by vehicle owners are 

registration fees and a “roadworthiness test fee” 21. These are listed in the following tables: 

Table 3 Vehicle registration fees 

Fee Category Amount Payable [€] 

Registration fee 
14.48 for 1st hand 

12.45 for 2nd hand 

Vehicle identity 

check 
15.35 

Number Plates 15.06 

 

Table 4 Roadworthiness test fees 

Powertrain Fee [€] 

Petrol 14.48 

Diesel 18.2 

LPG 23.4 

Electric 6.62 

H2 6.62 
 

 

4.1.4 Simulation of the Slovenian tax regime in Lithuania 

As shown above, the Lithuanian tax regime does not differentiate between powertrains on the basis of 

engine size, engine power or CO2 emissions. This means there are no specific measures to encourage 

uptake of low emission vehicles or deter potential buyers from purchasing more polluting vehicles. For 

this reason, ALCO requested that another European country’s tax regime be applied to Lithuania to 

simulate the effect that implementing such registration taxes in Lithuania would have on the TCO of low 

emission vehicles. Slovenia was chosen as the tax regime to be simulated, given the broadly similar 

sizes and GDPs of Slovenia and Lithuania, and the fact that the tax system is based directly on CO2 

                                                      
21 ACEA Tax Guide 2018 
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emissions rather than proxies such as engine power or displacement in other countries (such as Spain 

or Italy).  

4.1.4.1 Slovenian registration taxes 

In Slovenia, vehicle registration tax is paid at the point of purchase of all new and second-hand vehicles. 

The tax is a percentage of the vehicle purchase price before tax and the tax rate is a function of CO2 

emissions, fuel type and Euro standard. The tax rate increases for diesel vehicles, vehicles with higher 

type approval CO2 figures and vehicles with a low Euro standard rating (see Appendix for full details). 

The tax rate varies from 0.5% of purchase price, for Euro 6, low CO2 emission vehicles running on a 

non-diesel fuel, to 41% for a Euro 0 diesel vehicle. All vehicles using a fuel that is not petrol or diesel 

e.g. electric, hydrogen, CNG and LPG are charged at the petrol tax rate. 

 

To make the tax rates more representative in the future, the tax tables used to calculate the registration 

tax were updated over the time period of the model by adjusting the CO2 bands of each tax bracket so 

that the same proportion of the fleet falls into each tax bracket in each year. For example, as the CO2 

emissions of new vehicles entering the fleet falls, the CO2 bands are adjusted downwards so that the 

total tax revenue from each new year of sales remains constant. 

 

The Euro standard correction factors are also updated over time. As the model starts with new vehicles 

sold in 2018, all vehicles in the model are assumed to initially meet the highest Euro standard. However, 

as new more stringent Euro standards are released, the correction factors will be updated and the tax  

for a Euro 6 vehicle will increase over the life of the vehicle. To include this effect in the model, the Euro 

standard correction factor changes from Euro 6 to lower Euro standard correction factors as the vehicle 

gets older (every 4-5 years) to simulate the future introduction of new Euro standards. BEVs and 

hydrogen fuel cell vehicles are not affected by these changes as they always have zero emissions at 

the point of use. 

4.1.4.2 Slovenian road/circulation taxes 

The circulation tax in Slovenia is paid annually and is a function of the engine size. The tax bands are 

based on engine size measured in cubic centimetres (cc) with small engine vehicles paying €62 and 

large engine vehicles paying €565 (see Appendix for full details). The engine size tax bands are updated 

each year using the same method described in the previous section for the CO2 tax bands. 

4.1.4.1 Slovenian purchase incentives 

Slovenia offers vehicle purchase incentives for pure electric and plug-in hybrid vehicles. The grants are 

as follows: 

- €7,500 for the purchase of a new pure electric car. 

- €4,500 for the purchase of a new plug-in or range-extended electric car with a type approval 

CO2 figure of less than 50 g/km. 

 

4.1.5 Tax and Incentives Overview 

This subsection gives an overview of Lithuanian and Slovenian taxes and incentives paid for over the 

1st period of ownership for a new vehicle bought in 2018. Figure 10 below gives Lithuanian only 

registration taxes for 1st hand vehicles in 2018 as there are no road/circulation taxes currently being 

enforced in Lithuania. Lithuanian registration taxes are amongst the lowest in the European Union and 

do not differentiate between vehicle segments or powertrains, having a negligible effect on TCO. This 

effectively means that current Lithuanian policies do not incentivise the uptake of low emission vehicles 

nor deter the purchase of larger/more polluting vehicles.  
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Figure 10 Overview of Lithuanian registration taxes for a new vehicle bought in 2018 

 

Figure 11 gives an overview of Slovenian taxes and incentives in for a 1st hand owner buying a vehicle 

in 2018. Vehicles in all segments receive the same purchase incentives so smaller vehicles are 

incentivised to a higher degree relative to their initial purchase price. 

For registration and road taxes in the smallest vehicle segments, low emission vehicles pay higher tax 

rates than conventional vehicles (365€ for a BEV against 320€ for a petrol ICE in the B segment) 

because all vehicles in these segments are in the lowest tax bracket for CO2 and low emission vehicles 

have a higher purchase price, this means that registration tax, which is a percentage of the purchase 

price, is proportionally higher. In the larger vehicle segments where vehicle CO2 emissions are 

significantly higher and engine sizes larger, the tax on conventional vehicles rises rapidly while the tax 

on low emission vehicles remains roughly unchanged. This means that the relative tax benefits of low 

emission vehicles are much larger in the largest vehicle segments. 
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Figure 11 Overview of Slovenian taxes and incentives for a new vehicle bought in 2018 

 

Together, the taxes and purchase incentives set up in Slovenia act as a strong incentive for BEVs and 
PHEVs while simultaneously increasing the costs of larger more polluting vehicles, effectively guiding 
prospective vehicle buyers to lower, less polluting segments even if they do not choose an electrified 
vehicle. 
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5 Summary of TCO Composition 

Table 5 summarises the inputs to the TCO, specifically highlighting the changes made in the inputs 

between the Europe-wide report and this Lithuania specific study. The key changes made are those 

relating to running costs (liquid fuel, electricity), the addition of Lithuanian registration taxes, the use of 

a Lithuania-specific financing rate and the addition of an LPG powertrain. 

The bases for price projections are also different compared to the EU-wide study. Electricity projections 

are based on forecasts from the PRIMES model as opposed to Eurostat. The new projections show a 

more gradual increase in electricity price from 2020-2030. Fuel price projections (petrol, diesel, LPG 

and CNG) have been updated and are now based on the 2017 IEA World Energy Outlook central case, 

as opposed to the 2016 version. These differences should be considered when making comparisons 

between the Lithuania-specific and EU-wide results. 

Table 5: Summary of TCO model inputs, assumptions and relevant sources 

Model Inputs Assumption Change in Model Input 

Liquid fuel prices Liquid fuel prices calculated from oil 

price projections. Baseline oil price 

scenario reaches $113/bbl in 2030 

and $128/bbl in 2040. Low oil price 

scenario settles at $80-90/bbl post 

2025. 

Average EU fuel duty 

Liquid fuel prices were updated to 

match the new IEA World Energy 

Outlook 201722 where the baseline 

oil price scenario reaches $94/bbl in 

2030 and $111/bbl in 2040. 

LPG scenario added 

Lithuanian fuel duties: c. 43.44 c/l for 

petrol, c.34.7 c/l for diesel and 16.70 

c/l for LPG. 

Electricity prices Domestic electricity price rises from 

16 ¢/kWh to 23 ¢/kWh in 2040. 

Additional 30% discount applied to 

EV charging 

Electricity price projections updated 

to mirror the EU PRIMES model 

outputs. 

Domestic electricity price rises from 

11.3 ¢/kWh in 2018 to 19.36 ¢/kWh 

2035, with a small drop to 

19.12¢/kWh in 2040 

Domestic PV scenario added to 

model 

Hydrogen prices Calculated from coal, oil and 

electricity prices. 1000 – 700 ¢/kg 

2018-2040 

No change 

Depreciation The same annual % reduction in 

residual value for all powertrains 

No change 

Maintenance Same for petrol and diesel ICE and 

HEVs. 50% and 30% discounts for 

BEVs/FCVs and PHEVs respectively 

No change 

                                                      
22 https://www.iea.org/weo2017/ 

https://www.iea.org/weo2017/
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Insurance Same across all powertrains, 

increasing with vehicle size 

No change 

Ownership periods 4 years for 1st hand, 5 years for 2nd 

hand, 7 years for 3rd hand.  

No change 

Mileage Annual mileage decreases with age: 

15,000 km for 1st hand, 12,000 km 

for 2nd hand, 10,000 km for 3rd hand 

No change 

Proportions of 

driving in electric 

mode 

WLTP utility factor method used  No change 

Financing rate 5% and constant over time Financing for all vehicle types set to 

4% and constant through time 

Tax and Incentives Not included as these are specific to 

individual Member States 

Lithuanian taxes added to model. 

Additional scenario with Slovenian 

taxes applied to Lithuanian inputs 

added to model. 
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6 TCO Results 

The results presented below show the overall TCO values based on the ‘central’ model inputs presented 

in the previous sections. Although the trends described in the EU study are very similar to the ones 

presented here, key crossover points are affected by low Lithuanian fuel prices.  

The following discussion pays particular attention to vehicle segments B, C and H because they have 

large market shares (10%, 25% and 37% respectively) and give a good indication of what the costs 

look like for small, medium and large vehicles. This means the analysis will provide a relatively complete 

picture of the overall fleet for the average consumer, but does not cover luxury or sports cars. 

 Baseline results, Lithuanian tax regime 

6.1.1 B-segment 4-year TCO for a new vehicle bought in 2018 

Input conditions: 

• Ownership period: 4 years 

• Residual value scenario: Medium (same relative depreciation across all powertrains) 

• Battery cost: OEM Announcements 

• Driving distance: 15,000 km per year for all powertrains 

• PHEV range: Default (~69% for all powertrains) 

• Oil price: IEA WEO 2017 central “New Policies” scenario 

• Fuel price23: 111.2 – 119.9 c/l petrol; 106.3 – 117.7 c/l diesel; 1000 – 871 c/kg H2; 11.3 – 11.6 

c/kWh electricity 

 

 

Figure 12: 4-year TCO with vehicle purchase in 2018 for a new B segment car 

 

                                                      
23 The price ranges shown are for the first and last years of the TCO period. The TCO is calculated 
using the specific costs from the period considered. 



 Low carbon cars in the 2020s 
Lithuania Case Study 

 

25 
 

 

Similarly to the EU-wide study and the other country-specific extensions, depreciation is the most 

significant 1st hand TCO cost component for all the modelled powertrains. Since electrified vehicles 

(hybrids, PHEV, BEVs and FCEVs) currently have higher purchase prices than conventional 

powertrains, this increases the financing cost and the depreciation for the first owner. In the B segment, 

depreciation accounts for 51.6% of TCO for diesel ICE, 66.8% for petrol PHEV and 70.4% for a BEV. 

On the other hand, running costs (and especially fuelling costs) are highly favourable to BEVs, even in 

Lithuania where fuel prices are particularly low compared to the majority of EU Member States. A petrol 

ICEs fuel cost amounts to 23.5% of overall TCO while it only accounts for 8.8% of a diesel PHEVs TCO 

and 5.3% of a BEVs TCO. This amounts to a fuel cost advantage of approximately €3,000 for a BEV 

compared to a petrol ICE and c.€2,300 for a petrol PHEV compared to a similar petrol car. In the smaller 

segments, these large savings on fuelling cost reduce the TCO gap between low emission vehicles and 

conventional vehicles significantly but not enough to close it completely. 

Conversion costs cause LPG vehicles to have slightly higher purchase prices than their petrol 

counterparts, but they benefit from highly favourable LPG prices, due to low excise taxes (16.67 c/l for 

LPG vs. 43.44 c/l for petrol and 34.7 c/l for diesel) and generally low import prices. This means that fuel 

costs only make up 17.2% of the TCO, saving c. €1,200 over the 4-year ownership period compared to 

petrol vehicles. 

This fuel cost advantage also has a strong influence for diesel vehicles, which not only have lower fuel 

consumption values (on a l/100km basis) than petrol ICEs, but also have lower fuel prices at the pump 

due to Lithuania having some of the lowest diesel excise taxes in Europe. These seemingly small 

differences act as a strong incentive for buying diesel ICEs, even in the relatively low-consumption B-

segment vehicles where a difference in fuel costs of c.€1,400 is perceived by the diesel ICE owner 

compared to the petrol ICE owner (over the 4-year ownership period and 15,000km per year). This fuel 

cost advantage is enough to recover the purchase price premium paid by a diesel ICE owner compared 

to a petrol car. 
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6.1.2 C-segment 4-year TCO for a new vehicle bought in 2018 

 

Figure 13 4-year TCO with vehicle purchase in 2018 for a new C segment car 

Figure 13 gives a breakdown of TCOs for each C-segment powertrain. The TCO gap between petrol 

ICEs and BEVs narrows from c.€2,800 in the B-segment to just under €1,600. Part of this difference is 

caused by a smaller difference in purchase prices (and hence depreciation) between conventional 

powertrains and low emission powertrains. In this segment, the depreciation as a percentage of TCO 

has increased from 51.6% to 55.3% for petrol ICEs while it remains stable for BEVs (70.4% for B 

segment vs 70.6% for C segment). This effect arises because the fixed costs for electrified powertrains 

(motors, battery management systems etc.) are a higher proportion of the final selling price for smaller 

vehicles than for larger models.  

The running cost savings associated with low emission vehicles are also more significant in the larger 

segments, since conventional petrol and diesel cars consume more fuel than in smaller vehicles. In the 

C segment, petrol PHEV and BEV fuel cost savings over 4 years amount to c. €2,700 and €3,500 

respectively when compared to an equivalent petrol ICE. Diesel’s fuel advantage that was mentioned 

for the B segment follows the same trend as low emission vehicles making them cheaper than petrol 

ICEs. 

Although C-segment cars have a higher fuel consumption and a smaller discrepancy between the 

purchase prices of low-emission vehicles and conventional powertrains, the savings do not fully close 

the TCO gap in 2018. LPG vehicles remain the cheapest powertrains in the C segment, followed by 

closely by diesel ICEs and petrol ICEs. 
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6.1.3 H-segment 4-year TCO for a new vehicle bought in 2018 

 

Figure 14 4-year TCO with vehicle purchase in 2018 for a new H segment car 

Figure 14 compares the 1st hand TCO of segment H vehicles bought in 2018. It shows that petrol ICE 

variants are relatively expensive compared to their diesel counterparts. This is because most vehicles 

in the larger segments tend to have diesel engines, and the models that do exist in petrol tend to be 

high performance variants with large engines, pushing average purchase prices upwards. 

Following a similar trend to small and medium vehicles, engine size and fuel consumption increase 

further in the H segment (in comparison with lower segment vehicles). This leads to increased savings 

on fuel costs for low emission vehicles for the reasons described previously. In the H segment, fuel 

costs account for 13.8% and 13.0% of the TCO for petrol ICEs and diesel ICEs respectively while petrol 

PHEVs’ and BEVs’ fuelling costs make up 5.5% and 3.7% of their TCOs. This amounts to savings of 

c.€3,100 and c.€4,100 for PHEVs and BEVs respectively compared to petrol ICEs and c.€2,250 and 

c.€3,200 in comparison with diesel ICEs.  

For large vehicles, BEVs have lower TCOs than petrol and LPG vehicles but remain more expensive 

than diesel cars. Low LPG prices are no longer enough to make up for LPG car’s high consumption 

figures but efficient diesel engines combined with low fuel prices make diesel the lowest TCO option in 

2018. 

Segment H has changed rapidly over the last 5-10 years. During this time the popularity of the segment 

has increased significantly, in part due to manufacturers releasing a wider range of smaller sports utility 

vehicle and ‘crossovers’. This means that the segment ranges from lower priced, low power models 

such as the Kia Sportage to larger, more expensive models like the Porsche Cayenne and Range 

Rover. The results presented in Figure 12 are more representative of the high-performance end of this 

segment. Consumers looking to purchase vehicles at the lower cost end of this segment are likely to 

experience a TCO closer to a segment C/D vehicle. This means that the larger more expensive variants 

within the SUV segment are likely to be the first to offer full electric vehicles, as the TCO difference 

between conventional and electric vehicles is more favourable compared to smaller vehicles. This is 

reflected in the availability of EV models in this segment, such as the Tesla Model X, Audi e-tron and 

Jaguar I-Pace, the upcoming Porsche Taycan etc. 
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 Home charging with PV Installation 

Input conditions: 

• Ownership period: 4 years 

• Residual value scenario: Medium (same relative depreciation across all powertrains) 

• Battery cost: OEM Announcements 

• Driving distance: 15,000 km per year for all powertrains 

• PHEV range: Default (~69% for all powertrains) 

• Oil price: IEA WEO 2017 central “New Policies” scenario 

• Fuel price24: 111.2 – 119.9 c/l petrol; 106.3 – 117.7 c/l diesel; 1000 – 871 c/kg H2; 10.74 – 

10.82 c/kWh electricity (Option 2 with PV array) 

Figure 15 below compares fuelling costs for a C segment BEV when the vehicle owner has a solar PV 

array installed, with the choice of 4 tariff options described in Section 4.1.2, compared to the average 

domestic price. The LCOEs calculated for each option over the 4-year period modelled (2018 – 2021) 

are the following:  

- Option 1:  11.76 – 11.88 c/kWh 

- Option 2: 10.74 – 10.82 c/kWh 

- Option 3: 11.25 c/kWh – 11.35 c/kWh 

- Option 4: 11.25 – 11.35 c/kWh 

- Domestic: 11.30 – 11.64 c/kWh 

 

Figure 15 4-year fuelling costs of a C segment BEV owner with a PV array. Comparing 4 tariff 
structures to the average Lithuanian domestic electricity price  

With our current assumptions, the calculated LCOEs are to be considered an upper bound as the prices 

do not account for electricity that is produced and used directly without passing by the grid, and it is 

assumed that the expensive panels are installed. Figure 15 above shows that installing a solar PV array 

can save the owner up to c.€67 over the 4-year ownership period. 

The PV array does not significantly reduce a BEV’s TCO but these calculations do not quantify other 

advantages such as the additional electricity produced by the PV panels that is used by other household 

loads (kitchen appliances, washing machine, lighting etc.) as they do not directly affect TCO. 

Figure 16 below illustrates the effect owning a home solar PV array has on a BEV’s TCO. The PV array 

does not significantly reduce the TCO for a plug-in vehicle owner, but the analysis suggests that under 

                                                      
24 The price ranges shown are for the first and last years of the TCO period. The TCO is calculated 
using the specific costs from the period considered. 
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the current tariff regime, purchasing a PV array to supply a vehicle with renewable energy is highly cost-

competitive with using standard grid electricity. This is a highly positive finding, as it means that 

households wishing to maximise the environmental benefits of an electric vehicle by using renewable 

energy receive a slight financial benefit for doing so. This is in contrast to a situation without the 

Lithuanian PV tariff regimes or with the significantly more expensive PV systems in previous years, 

where this option would have a high cost to consumers. 

 

Figure 16 Cost impact of installing a home PV array on a the first owner TCO for C segment BEV 

 Effect of the Slovenian tax regime on TCO 

One method used by many Member States to reduce or close the TCO gap between conventional 

powertrains and low emission powertrains, and increase their uptake is to implement a tax system which 

adds costs to polluting vehicles and gives a financial advantage to low-emission vehicles (usually in the 

form of tax reductions/exemptions or purchase grants). This section explores how the implementation 

of a tax policy that differentiates vehicles on a CO2 emissions basis can affect TCO in all three 

segments. 
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Figure 17 Overview of Slovenian taxes and purchase incentives over a 4-year ownership period, 
applied to B, C and H segments in Lithuania 

As mentioned previously, the Slovenian tax regime taxes the lower, less polluting segments fairly 

evenly, with only minor differences in taxes paid across powertrains in the B segment, mainly due to 

the fact that the lowest (cheapest) tax band goes from 0 to 110 gCO2/km. 

In the C segment we start to see more differentiation between the powertrains, but this segment also 

has fairly low emissions and none of the powertrains move into a higher tax band. If the same taxes 

were applied to new C segment vehicles in 2015, both the petrol ICE and diesel ICE powertrains would 

be in the higher tax band, therefore paying a higher tax rate. As was discussed in the Slovenian 

extension to the original study, this shows why the tax bands must be adjusted downwards on a regular 

basis in order to ensure more polluting vehicles continue being penalised as average fleet emissions 

drop according to EU targets. 

In the more polluting H segment we can see that a diesel ICE will pay c.€2,000 more than a BEV over 

a 4-year ownership period while a petrol ICE will pay c.€1,100 more than a BEV over the same period. 

The taxes alone are significant enough to reduce the TCO gap between a BEV and a diesel ICE to just 

over €600. Once the purchase incentives are applied, BEVs become the cheapest technology by a 

margin, followed by diesel PHEV and diesel full hybrid. 

An example of the effect of these taxes on TCO is shown in Figure 18 below for a new C segment 

vehicle during its first ownership period. 
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Input conditions: 

• Slovenian tax regime applied to Lithuanian inputs 

• Residual value scenario: Medium (same relative depreciation) 

• Battery cost: OEM Announcements  

• Driving distance: 15,000 km for all powertrains 

• PHEV range: Default (~69% for all powertrains) 

• Oil price: IEA WEO 2017 central “New Policies” scenario  

• Fuel price25: 111.2 – 118.2 c/l petrol; 106.3 – 117.7 c/l diesel; 802.1 – 757.8 c/kg H2; 11.3 – 

11.6 c/kWh electricity 

 

Figure 18 1st hand TCO for C segment vehicle in Lithuania with Slovenian taxes implemented 

Figure 18 shows that the Slovenian purchase incentive makes BEVs significantly cheaper than any 

other powertrain over the first ownership period. This applies equally to the B segment as it does to the 

C and H segments analysed in this study. In other words, the combination of taxes and the purchase 

incentives goes beyond closing the TCO gap and creates a significant financial advantage for BEVs 

and PHEVs. This suggests that lower purchase incentives (or stronger taxes but without purchase 

incentives) could create TCO parity at a lower cost to the government than the highly generous regime 

shown here.  

 

 

                                                      
25 The price ranges shown are for the first and last years of the TCO period. The TCO is calculated 
using the specific costs from the period considered. 
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 Evolution of TCO during the 2020s 

This section presents the overall TCO across different powertrains as a function of vehicle purchase 

date from 2018 to 2030. These results show how reductions in low emission vehicle purchase price 

caused by technological progress and increased production volumes change the relative TCO between 

technologies over time. The TCO value of each powertrain is compared to that of a conventional diesel 

vehicle for the range of purchase years covered.   

6.4.1 Segment B 4-year TCO - new car purchased 2018, 2020, 2025 and 2030 

Input conditions: 

• Baseline  

• Fuel price26: 111.17 - 142.17 c/l petrol; 106.33 – 145.58 c/l diesel; 52.83 – 86.64 c/l ;1000 - 

700 c/kg H2; 11.30 – 12.37 c/kWh electricity  

 

Figure 19: 4-year TCO with vehicle purchase in 2018, 2020, 2025 and 2030 for new B segment 
car, relative to diesel ICE 

Figure 19 shows how the 1st hand TCO of different B-segment technologies compares with purchase 

years of 2018, 2020, 2025 and 2030. An interesting observation here is that petrol ICEs are cheaper 

than diesel ICEs from the 2020s onwards in this segment because low consumption figures throughout 

the segment mean the lower diesel prices and fuel savings do not make up for the purchase premium 

paid for diesel cars. In the timeframe considered, the TCO of PHEVs never matches that of equivalent 

ICE vehicles. This highlights the challenge manufacturers face in PHEVs in small segments, since the 

fuel savings are relatively limited compared to the already-efficient petrol and diesel variants. BEVs are 

more promising and have a TCO lower than that of conventional diesel vehicles by the early to mid 

2020s, mainly due to falling battery costs and increasing fossil fuel prices. LPG remains the cheapest 

technology throughout the modelled period because of lower depreciation than diesel vehicles and 

                                                      
26 The price ranges shown are for the first and last years of the TCO period. The TCO is calculated 
using the specific costs from the period considered. 
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lower fuel prices than petrol although there is convergence between petrol and LPG over time due to 

improvements in efficiency and increasing fuel prices. It remains to be seen whether the very low fuel 

taxes on LPG (16.70 c/l vs 43.44 c/l for petrol and 34.7 c/l for diesel) will remain in place in the future, 

especially if these vehicles reach a significant market share. This would strongly affect their fuel costs, 

reducing their cost advantage over the other powertrains. 

6.4.2 Segment C 4-year TCO - new car purchased 2018, 2020, 2025 and 2030 

 

Figure 20: 4-year TCO with vehicle purchase in 2018, 2020, 2025 and 2030 for new C segment 
car, relative to diesel ICE 

Figure 20 shows how the 1st hand TCO of segment C vehicles changes over time. Higher consumption 

figures and low fuel prices in Lithuania mean that diesel ICEs keep their competitive advantage 

throughout the modelled period against all the powertrains except LPG.  

In the C segment, we see that battery costs increase until 2025, battery sizes are assumed to remain 

constant afterwards so further battery cost reductions directly reduce the purchase price of the vehicles. 

This means that although battery prices are falling, a lack of a comprehensive tax policy, very low fuel 

prices and efficient diesel engines mean BEVs are unable not close the TCO gap by 2030. 
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6.4.3 Segment H 4-year TCO - new car purchased 2018, 2020, 2025 and 2030 

 

 

Figure 21: 4-year TCO with vehicle purchase in 2018, 2020, 2025 and 2030 for new H segment 
car, relative to diesel ICE 

Figure 21 shows how the TCO of 1st hand H-segment vehicles changes over time. As explained 

previously, petrol variants in segment H tend to be expensive high-performance vehicles. This explains 

why the TCO of petrol PHEVs do not come close to matching that of equivalent diesel ICE vehicles 

within the period modelled. The TCO of diesel PHEVs on the other hand reaches TCO parity with 

conventional diesel by 2025. 

The cost trend for BEVs described in the C segment applies equally in the H segment, although battery 

sizes increase proportionally in all segments up until 2025, the effect on purchase price and financing 

cost is more noticeable in the larger segments due to the overall larger battery capacity (48 kWh rising 

to 58 kWh for C segment BEV from 2020 to 2025 vs 58kWh to 72kWh for a H segment BEV). This 

means there is a larger difference in depreciation between diesel ICEs and BEVs in the H segment than 

the lower segments. 

Higher fuel consumption figures in the H segment and due to the fact that the LPG model is based on 

the (expensive, high performance) petrol archetype, LPG vehicles become one of the more expensive 

technologies by 2030. 

 Whole Life TCO 

This section of the results presents the TCO across the vehicle lifetime to demonstrate how the trends 

presented so far change for 2nd and 3rd vehicle owners. The key change for second-hand vehicles is 

that depreciation no longer dominates the ownership costs. This means that running costs and taxes 

play a more important role in differentiating the TCO between technologies.   
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6.5.1 Whole life TCO for a C segment vehicle purchased in 2018 

Input conditions: 

• Baseline scenario inputs (with OEM Announcements battery costs) 

• Ownership: 1st hand owner keeps vehicle for 4 years, 2nd hand for 5 years, 3rd hand for 7 

years 

• Driving distance: 15,000 km for 1st hand owner, 12,000 km for 2nd hand owner, 10,000 km for 

3rd hand 

• Fuel price27: 111.17 - 142.17 c/l petrol; 106.33 – 145.58 c/l diesel; 52.83 – 86.64 c/l ;1000 - 

700 c/kg H2; 11.30 – 12.37 c/kWh electricity  

 

Figure 22: Lithuanian 16-year TCO of segment C cars, spread between 1st, 2nd and 3rd hand 
owners, initial purchase in 2018 

Figure 22 compares the whole life TCO of different C-segment powertrains. As expected, in the first 

ownership period where depreciation is the most significant cost component, BEVs do not match the 

TCO of diesel ICE vehicles and those powered by LPG (which have relatively low fuel costs as well as 

low depreciation).  

In the second and third ownership periods, BEVs have the lowest TCOs of all the powertrains. The 

reduced depreciation and increased importance of running costs (maintenance and fuel) lead to large 

cost savings, allowing the second and third hand TCO of PHEVs to drop below that of conventional 

vehicles and become cheapest technologies after BEVs.  

Across all powertrains the 3rd hand TCO is greater than the second hand TCO. This is partly due to a 

combination of total mileage increasing from 60,000 km to 70,000 km and energy prices rising, leading 

to generally higher fuelling costs. In addition, the longer ownership period (7 years compared to 5 years) 

results in maintenance and insurance costs rising compared to shorter ownership periods. The cost of 

depreciation and financing drop significantly between the 2nd and 3rd ownership period (as the 

                                                      
27 The price ranges shown are for the first and last years of the TCO period. The TCO is calculated 
using the specific costs from the period considered. 
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purchase price has dropped to a fraction of its original value), however these differences are not enough 

to outweigh the dominant and increased running costs.  

 
As low emission vehicles become more widespread and the TCOs of second and third owners are 

better understood, the demand for these vehicles could rise as prospective buyers factor in the low 

running and maintenance costs. With a limited number of these vehicles on the market, this could drive 

up second-hand vales, effectively shifting some of the depreciation from the 1st owner to subsequent 

owners. As the second and third owners enjoy very favourable TCOs this would still leave them with a 

saving relative to buying a conventional vehicle and will help drive the uptake of low emission vehicles 

as the first owner price hurdle is reduced. At the same time, the introduction of policies that add costs 

to high emission vehicles is expected to reduce their second-hand value (this trend has already been 

observed in the UK and in Germany, as people expect the introduction of the city clean air zones to 

make driving diesel vehicles more expensive or less convenient). This shifts more of the depreciation 

cost onto the first owner. The combined effect of the depreciation cost for the first owner falling for low 

emission vehicles and rising for conventional vehicles could make the crossover point in TCO for the 

first owner occur much earlier.  
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7 Conclusions and implications 

This country-specific report has looked at how the TCO of conventional and new low emission vehicles 

change over the next 10-15 years in Lithuania. This information is intended to provide ALCO with a 

clearer understanding of how purchase and running costs for different technologies change over time 

and how this can be affected by policy so that they can help consumers to make the best choices. This 

report has shown that: 

1. The trends in car ownership costs Lithuania are broadly similar to the trends in the EU-wide 

study, with current TCO premiums for low emission powertrains decreasing over time, primarily 

due to falls in battery costs. This ‘convergence’ in ownership costs between different 

powertrains suggests that in future, car buyers will be able to choose from a wide range of 

options (including those with very low emissions) without a significant cost penalty. This is 

especially true for owners of used vehicles, where the low running costs of low emission 

vehicles such as PHEVs and BEVs are particularly strong given the smaller influence of 

depreciation in older vehicles.  

2. Currently, there are no registration taxes or circulation taxes implemented in Lithuania, vehicle 

owners simply pay a flat registration fee after purchase. This means highly polluting 

diesel/petrol vehicles are not penalised and low-emission vehicles are not incentivised. The 

TCO analysis in this study shows that this is highly detrimental to TCO convergence between 

powertrains and results in a TCO cross over point in the 2030s (exacerbated by the low fuel 

taxes in Lithuania), compared to other Member States that will reach parity in the early 2020s 

(Italy) or have already done so (Portugal).  

3. The above point shows that if the aim is to reduce CO2 emissions and encourage ULEV uptake, 

the tax regime should be based directly on CO2 emissions which automatically rewards the 

purchase of the lowest emission cars. In such a system, taxes on high emission vehicles fund 

the low-emission vehicles’ exemptions and incentives, which moves the TCO cross over point 

forward, giving first owners more freedom of choice by increasing the number of cost-

competitive (and low emission) powertrains to choose from. As an example of this, the 

Portuguese vehicle tax system has components based on emissions as well as engine size, 

which in combination place high charges on large, high emission vehicles. A large H-segment 

diesel car bought in Portugal today will pay c.€8,500 more taxes than an equivalent BEV in the 

first 6 years of ownership (the average first ownership period in Portugal). These stronger taxes 

are sufficient to make BEVs the lowest cost powertrain in large vehicles in 2018, highlighting 

the potential to influence TCO through existing policies, rather than relying on new incentives 

such as purchase grants. 

4. Based on Lithuania-specific assumptions, only B-segment BEVs reach cost parity in the 

modelled period, with C and H segments still having a slight TCO premium in the long term. 

5. Average battery sizes in BEVs are expected to increase until about 2025 given the need to 

provide acceptable driving ranges to the majority of customers. After this, it is assumed that 

manufacturers focus exclusively on cost reduction rather than further range increases. This has 

a proportionally stronger effect on the larger H segment vehicles which take longer to reach 

cost parity due to the increased capital cost of their large batteries (72 kWh for H-segment in 

2025 vs 58 kWh for a C-segment). To maximise the appeal of electric vehicles to customers, 

manufacturers can offer different battery sizes (and driving ranges) at different price points, 

giving a choice between low cost or higher performance options. This is already seen in several 

EV models, such as Tesla Model 3 and the Hyundai Kona.  

6. Very low fossil fuel prices and excise taxes in Lithuania mean that the low running costs 

associated with low emission vehicles are insufficient to close the TCO gap, even with the 

particularly low electricity prices used in the Lithuanian model. In Lithuania, fuel costs account 

for 13.6% and 13.0% of a diesel ICE’s TCO in the C- and H- segments respectively, In Italy, 

these amount to 15.8% and 15.1% respectively. This seemingly small difference, in addition to 
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a difference of €1000’s in registration/road taxes make low emission vehicles in the upper 

segments uncompetitive throughout the 2020s.  

7. The whole life TCO analysis shows that second and third hand owners of BEVs and PHEVs 

will experience a cost benefit from owning and running these low emissions vehicles. This 

indicates that increased uptake of BEVs and PHEVs, leading to a change in fleet composition, 

will result in cheaper mobility options for lower income households which tend to buy pre-owned 

vehicles. This trend is especially true for the lower segment vehicles modelled, where they 

reach TCO parity earlier than larger segment models, this indicates that an increased number 

of lower segment BEVs and PHEVs are likely to enter the fleet in the short term, effectively 

allowing lower-income households to have access to cheap, lower-segment BEVs which incur 

significantly lower running costs.  

8. The home PV array scenario showed that installing a domestic PV array can provide renewable 

energy for EV charging with a small financial benefit for householders, thanks to the tariff regime 

introduced in 2018. This suggests there are opportunities for commercial partnerships to bundle 

electric cars and PV systems to maximise the environmental benefits of these vehicles. 

9. The Lithuania case study also highlights the currently favourable economics of LPG cars, due 

to very low fuel tax and small purchase price premium. Although these vehicles can provide a 

significant contribution to improving air quality, these fuels are unable to deliver the same deep 

CO2 reductions as plug-in vehicles or fuel cell vehicles unless the LPG is produced from 

renewable sources. This creates an additional challenge for policymakers relative to countries 

with little or no LPG/CNG uptake, as they must balance the short-term benefits of these 

technologies and the superior long-term benefits of electrified vehicles, while also providing 

sufficiently clear signals to infrastructure developers and consumers to invest in the latter.  
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8 Appendix 

Table 6 Lithuanian registration/road tax cost structure 

 

Registration fee 

[€] 

Vehicle Identity check 

[€] 

Number plates 

[€] 

1st hand 14.48 15.35 15.06 

Other 12.45* 15.35 15.06 

*The actual fee range is 10.14 – 12.45 but upper bound used in model 

 

Table 7 PV Panel turn-key installation costs 

PV peak output 
[kWp] 

Standard 
[€] 

Premium 
[€] 

Premium + 
[€] 

3 4100 4360 4760 

4 4890 5250 5700 

5 5820 6330 6710 

6 7320 8200 8860 

7 7970 9030 9820 

8 9080 9980 10740 

9 10000 10820 11830 

10 10835 11750 12800 

 

Table 8 Solar radiation and monthly AC energy output for a theoretical home PV installation in 
Kaunas, Lithuania. Average peak output values adjusted for degradation are in square brackets. 

Month 
Solar Radiation 
[kWh/m2/day] 

4 kWp 

[kWh] 
5 kWp 

[kWh] 

6 kWp 

[kWh] 

7 kWp 

[kWh] 

January 0.68 77 96 115 134 

February 1.37 142 177 213 248 

March 2.53 287 359 431 502 

April 3.91 406 507 608 710 

May 5.36 554  693 832 970 

June 5.65 557 696 836 975 

July 5.37 546  682 819 955 

August 4.89 491 614 736 859 

September 3.16 325 406 487 569 

October 1.73 189 236 283 330 

November 0.79 85 106 127 149 

December 0.37 40 51 61 71 
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Table 9 Solar radiation and monthly AC energy output adjusted to account for panel degradation 

Month 
Solar Radiation 
[kWh/m2/day] 

4 kWp 

[kWh] 
5 kWp 

[kWh] 

6 kWp 

[kWh] 

7 kWp 

[kWh] 

January 0.68 
71 88 106 123 

February 1.37 
131 163 196 228 

March 2.53 
264 330 397 462 

April 3.91 
374 467 560 653 

May 5.36 
510 638 766 893 

June 5.65 
513 641 769 897 

July 5.37 
503 628 754 879 

August 4.89 
452 565 677 791 

September 3.16 
299 374 448 524 

October 1.73 
174 217 260 304 

November 0.79 
78 98 117 137 

December 0.37 
37 47 56 65 

 

Table 10 CO2 component of the Slovenian registration tax regime 

CO2 emissions 
[g/km] 

Petrol / Hybrid / LPG 
[%] 

Diesel 
[%] 

0 – 110 0.5 1 

111 – 120 1 2 

121 – 130 1.5 3 

131 – 150 3 6 

151 – 170 6 11 

171 – 190 9 15 

191 – 210 13 18 

211 – 230 18 22 

231 – 250 23 26 

>250 28 31 

 

Table 11 Tax rate adjustment based on EURO certification for the Slovenian registration tax 
regime 

Euro Standard Tax rate increase  

0 10% 

1 10% 

2 10% 

3 5% 

4 2% 

5+ No change 
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Table 12 Slovenian Road / Circulation tax rates 

Engine Size 

[cc] 

Tax Rate 

[€] 

<= 1350 62 

1351-1800 96 

1801-2500 153 

2501-3000 282 

3001-4000 452 

Over 4500 565 

 


