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Abstract: International development means that the number of people who can be considered as
consumers is projected to triple by 2030. This is good news but if we consume goods in the same way
as people did in the 20 Century it will lead to an unsustainable rise in industrial greenhouse gas
emissions and contribute towards material scarcities. The old axioms of maintaining profits by high
turnover of low profit margins goods, and boosting demand by releasing new models needs to be
reconsidered for a sustainable future. The key point is that people’s needs are met by using goods not
just acquiring them. One way of reducing the demand for new goods is to use old ones for longer. This
study looked at second hand car data and concluded that cars are scrapped when they have a low
market value not when they are worn out. It follows that if the second hand value can be raised, cars
could potentially be used for longer. One way of increasing the value of a second hand item to a
business is to value it as a future profit generator as well as for its market value. A long term lease
model has been considered and found to be potentially beneficial to both the supplier and customer.

Introduction in the UK. This sector has been chosen as it
There is agreement amongst governments that uses an energy and material intensive product.
Green House Gas (GHG) emissions need to be With 2 million new cars registered in the UK
reduced (UN, 2012). The International Energy each year (DFT, 2013) the GHG emissions
Agencies 450 scenario (IEA, 2013) shows the associated with the manufacturing and
emission trajectories needed to limiting the rise maintaining of cars accounts for 1.5% of the
global temperature to 2° C by 2100. It calls for UK’s total annual consumption based GHG
a 5% reduction in industrial emissions emissions (House of Commons Energy and
(excluding those associated with electricity use) Climate Change Committee, 2012).

from 2010 levels by 2035. It has been estimated

that the number of people who will be wealthy The analysis indicates that cars are likely to be
enough to enjoy a developed world lifestyle will scrapped when the owner thinks that the
rise from 1.8 billion in 2009 to 4.9 billion in 2030 investment necessary to maintain and repair
(Kharas, 2010). Assuming this results in a them may not be reflected in their market value.
proportionate increase in the demand for goods Along term leasing model is proposed as a way
the emissions per unit of production in 2030 of revaluing old cars that will make it more likely
(E2030) will have to meet the following condition for them to remain in service for longer.

for the emission target to be met:
How long do cars last

E5030 = 1855 Ez910 = 0.35E,;, Equation 1 Cars change owners around 4 times during
+9100 their life (Cooke, 2013). Consequently most
An alternative strategy is to get more use out of new car buyers have little interest in the length

the goods we produce so we need less of them of time that the car is designed to last for so it is

(Cooper, 2005). This can be done by either not included in sales literature. Car lives taken
sharing them between users or by making them form Life Cycle Assessment (LCA) reports vary

last longer. This paper considers the second of widely from  for _150'000 to 310’900 km
these options. It does so by examining car use (Schweimer, 2000; MacLean, 2003; Wang,
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2012). The Department for Transport (DFT)
published the odometer readings for a sample
of cars that pass their MOT test (UK’s statutory
roadworthiness test for vehicles over 3 years
old)in 2012 (DFT, 2013). The sample size gives
an indication of the number of cars that are still
in use. It has been adjusted to take into account
the differences in the number of cars registered
each year and is plotted along with the median,
first and ninth decile odometer reading for
distance travelled by the cars in Figure 1.
Figure 1 shows no sign of an inherent age cut
off on vehicle life. The median and ninth decile
figures increase linearly with age up to 8 years
when they then appear to plateau with the ninth
decile approaches 280,000 km. So it appears
that cars have a potential life of 280,000 km.
The plateau in the median curve is consistent
with higher millage cars being scrapped. The
drop off in the sample size for older cars
supports this theory.

Figure 1. Distance travelled by cars when tested
for MOT certificate.

The Automobile Association (AA) estimates
that private cars in the UK cover an average of
14,800 km/year so cars should last an average
of 19 years if they were all driven for their
operational life.

The DFT publish data on the numbers of cars
that are registered for use on the roads by year
of registration (DFT, 2013). This has been used
to calculate the fraction of cars produced in a
given year that are still in use which is shown in
Figure 2. The percentage in use curve shows
that 50% of cars are no longer taxed for use on
the roads when they are 13 years old.
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Figure 2. Service life of UK cars.

The other curves on Figure 2 are the upper and
lower market values of an average car
expressed as a percentage of its new list price.
This was produced by generating depreciation
curves for eight car models shown in Table 1,
using dealers asking prices from the online
multi dealer car sales web sites “auto trader”
(http://www.autotrader.co.uk) and “carpages”
(www.carpages.co.uk).

average

annual
model exponent R2 mileage
Golf -0.184 0.939 8135
Beetle -0.188 0.937 7995
Fabia -0.175 0.919 6812
BMW 3 -0.207 0.899 9401
MercedesE  -0.215 0.919 11465
Mondeo -0.223 0.909 13878
Focus -0.181 0.926 8558
Rio -0.192 0.833 7587
average -0.196 9229

Table 1. Car price depreciation.

A geographic search radius was set so that
around 70 cars of each model were included in
the data. These prices were used to produce
depreciation curves for each model. Dealer
asking prices were used as these are likely to
be consistent. However, the actual sales price
is likely to be lower as will the price that an
owner could sell the car for. The impact of this
error is reduced by normalising the data with the
dealers’ new car asking price. It was found that
all models depreciate at an exponential rate
with the values given in Table 1. It was noticed
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that for asking prices varied by up to £ 30% of
the value given by the depreciation curve. This
variation was not strongly correlated with car
millage so it was concluded that the variation
reflected the condition of the car and any
accessories fitted to it. The top and bottom
market price curves were generated using the
average depreciation rate with a + 30% price
range.

From Figure 2, 80% of cars are still in service
when the bottom market price approaches 10%
of the new car price but only 20% are in service
when their top price falls below 10%. It may be
argued that as cars get older they become less
reliable and this is why owners scrap them.
However if this was the case it should be
reflected in the cost of break down insurance.
Although some providers do have car age limits
on their policies, both the AA and RAC offer
breakdown insurance that are not dependent
on the cars age. Consequently it can be
concluded that older cars need not be
significantly less reliable than newer ones. It
would appear from this that owners scrap cars
rather than investing in repairing them when
their market value drops below 10%. Therefore
one option to increasing the life of a car is to
reduce its depreciation rates.

Depreciation in the used car market is a
complex topic (Engers, 2009; Gilmore, 2013)
and it cannot be changed by decree. But it is
possible to value cars for the service they
provided. If the car was owned by a business
who charged for its use it could be valued as an
income generator as well as an asset.

Life long leasing model

Existing car leasing schemes are designed to
allow drivers access to new cars without having
to pay for them up front. As such they are used
by manufacturers to increase sales. These
schemes typically last around 3 years with the
ex-lease cars being sold on the open market
(Andrikopoulos, 2014; Lamar, 2012). This
injection of cars into the second-hand market
could accelerate depreciation.

An alternative approach is for a company to
lease a car out on a series of leases over its life.
A basic financial feasibility check has been
conducted by comparing the non-fuel cost on a
Net Present Value basis (NPV) to the owners of
a typical car and the similar cost that they may
experience by leasing a car instead. The NPVs
are then annualized to take into account the
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different car life and compared. A discount
factor of 3.5% was used to be consistent with
UK government project appraisal criteria (H M
Treasury,2008).

Assumptions common to both models
Loans are subject to a competitive interest rate
of 4.9% (taken from financial services
comparison web site
http://www.money.co.uk/loans/car-loans.htm).

The annual non-fuel and non-finance running
cost for a £20,000 petrol car covering an
average distance of 14,850 km a year were
taken from AA(2014).

Assumptions for multiple owner case

It was assumed that the car changed hands
every 3 years in line with common practice
(Cooke, 2013). The first three owners paid a
33% deposit and financed the rest of their
purchase by 3 year loans. The 4th and 5th
owners paid cash for the car.

At the end of their three year ownership period
each owner part exchanges the car for 70% of
the dealers selling list price as suggested on an
insurance web site,
(http://www.churchill.com/car-
insurance/tips/car-part-exchange). The car is
scrapped after 14 years at no cost to the owner
in compliance with the vehicle end of life
directive (DFT, 2005).

Assumptions for Life-long lease case

The company would buy the car with a 100%
loan paid back over 6 years. A fixed target
annual service fee was added to each year’'s
cost.

The current UK tax law allows the asset value
of low emission cars to be fully depreciated in
one year, other cars are depreciated at 8% a
year (HMG, 2014). Consequently the car is
depreciated at 8% a year. The value of the
future fees are added to the asset value of the
car to produce the total value of the car to the
lease company.

It was assumed that keeping a car for more than
14 years would incur some additional repair
costs. An additional allowance of £500/ year
has been added to the annual cost for cars over
14 years old (based on reported maintenance
cost taken from the consumer web site
(http://www.whatprice.co.uk/ car/price.html ).


http://www.churchill.com/car-insurance/tips/car-part-exchange
http://www.churchill.com/car-insurance/tips/car-part-exchange
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Financial results

The annualized NPV for the multiple owner
case was found to be 14.8% of new purchase
price a year over the 14 year car life. It was
found that the lease company fee could be as
high as 4.43% of new purchase price per year
to produce the same annualized NPV for the
client. This gives a maximum total fee NPV of
62% over the 18 year life of the vehicle.

Advantages for the driver

The driver enjoys the following advantages:

no need to find cash deposits
maintenance and repairs are paid for
no risk of being without the use of a car.

Advantages for the industry

The globalized car industry has concentrated
production in a few capital intensive facilities. It
operates with EBIT (earnings before interest
and taxes) to sales margins of 6-10%) (Statista,
2013). This profitability is dependent on
maintaining high sales volumes. These are
subject to factors outside of the control of the
manufacturers like interest rates and taxation.
To reduce external risk manufacturers are
increasingly refocusing their activities into
selling services rather than goods (Deloitte
Research, 2006; Visnjic; 2011; Foresight,
2013). This servitization of business gives a
company a continuing relationship with their
customers, smoother cash flows and frequently
less exposure to external risk (as more of the
value added activities are internal to the
company). The multi lease models described in
this paper offers servitization options for
alliances between the manufacturer, financial
service and servicing agents to work together in
a new business model that could potentially
reduce cost and increase profits whilst offering
a lower cost option to their customers.

By extending the life of cars the growing
demands for use of cars can be met without the
need for a proportional increase in production
facilities. This would reduce the need for
considerable investment in new production
plants.

Environmental consideration

It has been argued that there may be an
environmental advantage in shortening a
product’s life (Intlekofer, 2010) so that it would
be replaced by a more efficient model. However
from the experience of car scrappage schemes
this only happens where the replacement
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vehicle has very low emissions (Brand, 2013;
Kagawa, 2013). Emissions associated with a
car can be split into embodied emissions (those
associated with its manufacture and primary
material production) and operational (those
associated with driving it). Both need to be
considered when evaluating the consequences
of increasing a car’s life on emissions (van Nes,
2006).

The key question is how far do you have to drive
a new car in a year before the emissions
savings achieved by driving it rather than an old
one are more than the annualized embodied
emissions of the new car.

LCA studies show that the major source of GHG
emissions is the production of primary
materials, consequently the GHG embodied per
tonne of car should be used to compare the
findings of the studies. The results from 3 LCA
studies of cars are given in Table 2. They show

a gradual improvements in embodied
emissions over time.

study model tCO2e tCO2e/tcar
Schweimer VW Golf 6.8 6.8

(2000) mk4

MacLean Ford 10.0 6.6

(2003) Taurus

Wang generic 7.3 5.4

(2012) petrol

Table 2. Embodied GHG emissions from LCA
studies

The latest of the studies (Wang, 2012) give the
embodied GHG emission ina 1.3 t car as 7.3
tCO2: which could be annualized as 0.52
tCO2e/y over 14 years.

Emission rates vary considerably between
models so the environmental consequences of
driving a car for longer or replacing it will be
case specific. For example the difference in
emission rates between an entry level MK4 and
MK7 petrol VW Golf is 45 gCOzkm
(http://www.carfolio.com/specifications/models/
car/?car=81169).

Consequently if a 14 year old MK4 Golf was
driven for more than 11,000 km/year it would be
possible to reduce GHG emissions by replacing
it with a new MK7 one. This is close to the
average millage covered by a privately owned
petrol car in the UK of 10,700 km (DFT, 2014).
A report into UK car usage (Lucas, 2009)
indicates that significant demographic groups


http://www.carfolio.com/specifications/models/car/?car=81169
http://www.carfolio.com/specifications/models/car/?car=81169
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are likely to drive less than 11,000 km/yr.
Consequently there are groups of motorists
who could reduce their car's total GHG
emissions by driving them for longer.

GHG emissions are not the only emissions that
cause environmental concerns. A LCA study for
a Mk 4 VW golf (Schweimer, 2000) show that
75% of particulates, 50% of SOz and 40% of
NO: life time emissions to air and 70% of all
emissions to water arise from primary material
production and vehicle manufacture.
Consequently keeping a car for longer reduces
the annualised value of these emissions.

Conclusions

It has been shown that in the UK, cars appear
to have an inherent operational life around
280,000 km, but many are scrapped before this
as their market value falls below 10% of their
new price.

A lease company that adopted a strategy of
leasing a car for its full operational life would
consider the car as a source of future profits in
addition to its asset value. This would make it
economically viable for the company to repair
an old car rather than scrap it. As a
consequence cars would be driven for 18 years
rather than an average of 13 years, a life
extension of 38%.

Cars in the UK are typically sold 3 to 4 times
during their life. This means that a car is likely
to be subject to a number of finance deals and
part exchange agreements. The lifetime cost of
this multiple owner pattern has been compared
to the cost for sequential leasing over a longer
life and it was found that sequential leasing
could be financially attractive to drivers and
leasing companies.

It was thought that if car manufacturers and
service agents were partners in the leasing
company there could be further reduction in
costs.

The environmental consequences of using a
car for its full operational life was considered
and it was found that this would be beneficial for
cars that are driven less than the average
mileage year.

- 322 -

Acknowledgments
The research for this paper was undertaken
with financial support from the EPSRC, grant
reference EP/K011774.

References

AA,(2014) Motoring costs,
http://www.theaa.com/motoring_advice/running_c
osts/

Andrikopoulos A., Markellos R.N.,(2014) Dynamic
Interaction between Markets for Leasing and
Selling Automobiles, Journal of Banking & Finance
(2014), doi:
http://dx.doi.org/10.1016/j.jbankfin.2014.01.032

Brand C, Anable J Tran M, (2013), Accelerating the
transformation to low carbon passenger transport
system: the role of car purchase taxes, feebates,
road taxes and scrappage incentives in the UK,
Transportation Research Part A: Policy and
Practice Volume 4 (2013) V49 P 132-148

Cooke P. N. C.,(2013) The Used Car Market Report
2013 a report for BCA, Centre for Automotive
Management, The University of Buckingham
Business School http://www.bca
group.com/~/media/Files/B/BCA/documents/bca-
2013-used-car-market-report.pdf

Cooper T,(2005), Slower Consumption Reflections
on Product Life Spans and the “Throwaway
Society”. Journal of Industrial Ecology, vol 9, No1-
2, p51-67.

Deloitte Research, (2006) The Service Revolution in

Global Manufacturing Industries, A Deloitte
Research Global Manufacturing Study,2006.
downloaded from:

http://www.apec.org.au/docs/2011-
11_training/deloitte2006.pdf sept 2014

DFT, (2005) the end-of-life vehicles (Producer
Responsibility)  regulations 2005  Statutory
instrument 2005, No.263, Guidance note.

https://www.gov.uk/government/uploads/system/u
ploads/attachment_data/file/367434/ELV_produce
r_responsibility_regulations_2005_statutory_instru
ment_2005.pdf

DFT, Vehicle Licensing Statistics:(2013),
downloaded from Vehicle Licensing Statistics
(https://www.gov.uk/government/organisations/de
partment-for-transport/series/vehicle-licensing-
statistics)

DFT,(2014), National Travel Survey 2013,
https://www.gov.uk/government/collections/nation
al-travel-survey-statistics

Engers M., Hartmann M. and Stern S,(2009) Annual
Miles Drive Used Car Prices, Journal Of Applied
Econometrics, J. Appl. Econ. 24: 1-33

Gilmore E. A., Lave L. B.,(2013) Comparing resale
prices and total cost of ownership for gasoline,


http://www.theaa.com/motoring_advice/running_costs/
http://www.theaa.com/motoring_advice/running_costs/
http://www.apec.org.au/docs/2011-11_training/deloitte2006.pdf
http://www.apec.org.au/docs/2011-11_training/deloitte2006.pdf
https://www.gov.uk/government/organisations/department-for-transport/series/vehicle-licensing-statistics
https://www.gov.uk/government/organisations/department-for-transport/series/vehicle-licensing-statistics
https://www.gov.uk/government/organisations/department-for-transport/series/vehicle-licensing-statistics

PLATE conference - Nottingham Trent University, 17/19 June 2015

Rogers J.G. and Rodrigues A.
Product leasing

hybrid and diesel passenger cars and trucks,
Transport Policy,27(2013)200-208

House of Commons Energy and Climate Change
Committee, (2012) Consumption-Based Emissions
Reporting Twelfth Report of Session 2010-12, HC
1646, www.parliament.uk/ecc

HMG, (2014) Work out your capital allowances, on
line tax guide https://www.gov.uk/work-out-capital-
allowances/rates-and-pools

H.M. Treasury, (2008) Intergenerational wealth
transfers and social discounting: Supplementary
Green Book guidance, HM Treasury, 1 Horse
Guards Road, London,SW1A 2HQ,Crown copy
write hm-treasury.gov.uk,

IEA (2013), World Energy Outlook Special Report,
http://www.iea.org/publications/freepublications

Intlekofer k., Bras B, M, Ferguson M.,(2010) Energy
Implications of Product Leasing, Environmental
Science & Technology, V 44, NO. 12,

Kharas H, (2010), The Emerging Middle Class In
Developing Countries, OECD Global Development
Outlook, Working Paper No. 285.

Pierce L., (2012) Organizational Structure and the
Limits of Knowledge Sharing: Incentive Conflict
and Agency in Car Leasing, MANAGEMENT
SCIENCE Vol. 58, No. 6, June 2012, pp. 1106—
1121

Kagawa S, Hubacek K, Nansai K, Kataoka M,
Managi S, Suh S, Kudoh Y,(2013), Better cars or
older cars?: Assessing CO2 emission reduction
potential of passenger vehicle replacement
programs, Global Environmental Change 23
(2013) 1807-1818

Lucas K, Jones P, (2009), The Car in British Society,
RAC Foundation, 89-91 Pall Mall London, SW1Y
5HS, www.racfoundation.org

MacLean H. L., Lavel. B. (2003), Life Cycle
Assessment of Automobile/Fuel Options, Environ.
Sci. Technol. 2003, 37, 5445-5452

van Nes, N. & Cramer J, (2006), Product lifetime
optimization: a challenging strategy towards more

sustainable consumption patterns/ Journal of
Cleaner Production 14 (2006) p1307-1318
Schweimer G. W, Levin M,(2000) Life Cycle

Inventory for the Golf A4,Research, Environment
and Transport, Volkswagen AG, Wolfsburg,
http://www.volkswagenag.com/content/vwcorp/inf
o_center/en/publications/2007/01/Golf_A4__Life_
Cycle_Inventory.bin.html/binarystorageitem/file/go
Ifad_english.pdf

Statista,(2013) EBIT margin of the leading car
manufacturers in 2013,
http://www.statista.com/statistics/280346/ebit-
margin-of-the-leading-car-manufacturers/
accessed October 2014,

- 323 -

The Society Of Motor Manufacturers And Traders
(SMMT), (2014), Automotive Sustainability Report
The 15th edition- 2013 data.

UN,(2012), Report of the Conference of the Parties
on its eighteenth session, held in Doha from 26
November to 8 December 2012,
FCCC/CP/2012/8,2012 downloaded from
http://unfccc.int/resource/docs/2012/cop18/eng/08
.pdf Aug 2013

Visnjic I, Van Looy B,(2011), Can a Product
Manufacturer Become a Successful Service
Provider? In Pursuit of a Business Model that
Fosters Complementarity between Product and
Service Activities Perspectives, paper presented at
the Academy of Management Conference, San
Antonio, USA, August 2011,

Wang M (2012), Greet2,Center for Transportation
Research, Energy Systems Division Argonne
National Laboratory,9700 S. Cass Avenue
downloadable from https://greet.es.anl.gov/


http://www.parliament.uk/ecc
http://www.volkswagenag.com/content/vwcorp/info_center/en/publications/2007/01/Golf_A4__Life_Cycle_Inventory.bin.html/binarystorageitem/file/golfa4_english.pdf
http://www.volkswagenag.com/content/vwcorp/info_center/en/publications/2007/01/Golf_A4__Life_Cycle_Inventory.bin.html/binarystorageitem/file/golfa4_english.pdf
http://www.volkswagenag.com/content/vwcorp/info_center/en/publications/2007/01/Golf_A4__Life_Cycle_Inventory.bin.html/binarystorageitem/file/golfa4_english.pdf
http://www.volkswagenag.com/content/vwcorp/info_center/en/publications/2007/01/Golf_A4__Life_Cycle_Inventory.bin.html/binarystorageitem/file/golfa4_english.pdf
http://www.statista.com/statistics/280346/ebit-margin-of-the-leading-car-manufacturers/
http://www.statista.com/statistics/280346/ebit-margin-of-the-leading-car-manufacturers/
http://unfccc.int/resource/docs/2012/cop18/eng/08.pdf%20Aug%202013
http://unfccc.int/resource/docs/2012/cop18/eng/08.pdf%20Aug%202013
https://greet.es.anl.gov/

