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ABSTRACT

Price of gasoline at the dispenser in Iceland heagembeen higher than today. This paper
investigates the economic feasibility of using b&thane as an alternative fuel for the taxi fleet
in the Reykjavik capital area. Cases of differerdugs of taxis were set up on the basis of
existing data of the fleet and the financial feditypevaluated. The cases were divided into
separate groups based on the emission classesaaiodisvscenarios and sensitivity analysis
applied. The research led to the conclusion thavexing the average gasoline taxi to a
biomethane fueled vehicle would have a positiveirreton invested capital and reduce the
emission of new carbon dioxide. Carbon monoxide aypdrocarbon pollution from the fleet
would be reduced; however, pollution from nitrogexide would be increased.

Keywords: Financial feasibility, renewable energiternative fuel, biomethane, compressed
natural gas vehicles.



PREFACE

Iceland is an interesting case when it comes tewable energy sources, as roughly 80% of all
primary energy comes from renewables (OrkustofniNational energy authority), 2009). A
renewable means that its source is replenisheq gear by the Sun (Atkins & Jones, 2007).

Most of Iceland’s primary energy comes from geottarsources and hydropower. However,
this has not always been the case. Until the entfartd War 11, the country relied on imported
coals and oil as its main energy (Orkustofnun -tigveal energy authority), 2009). Fortunately,
decisions were made of harnessing the energy palténé country offers and this has been a
success in terms of increased living conditionss fgollution, saving money, creating jobs etc.

Although the energy potential is in place, it isieasaid than done to run the road transportation
fleet on domestic energy source. The whole infuastire, including vehicle’s engines, is based
on hydrocarbon liquid fuels, namely diesel and glasoTherefore, Iceland needs to import oil,
a polluting source, using valuable foreign curreriRgcently Iceland was hit hard by a financial
crisis, which has led to the devaluing of the India currency, the Icelandic krona (ISK),
resulting in higher prices of imported productglunling petroleum products.

Concerns of greenhouse gas effects from combusiegil ffuels, as well as stricter emission

standards from the European Union and stricterlagigus of share of renewables in the energy
mix, increase the interest in renewable fuels. €nity methane from landfill gas, a renewable

fuel, is not used to its fullest potential in theyRjavik capital area but there is enough gas
presently available to fuel the taxi fleet in thiga.

Taxis were specifically chosen since they are driieich more than the average passenger car
in Iceland, resulting in higher usage percentagethErmore, they operate in one specific area
and are driven between various locations from tiongme, often where methane filling stations
are available.

In this paper, the financial feasibility of usingethane as an alternative fuel for the Reykjavik
capital area taxi fleet is analyzed.
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1 INTRODUCTION

Iceland has more potential in generating energy ftit& population currently needs but still

imports energy. Roughly, 20% of Iceland’s primanyery comes from hydrocarbon-based
fuels, liquids that are used as a fuel for vehictgps and airplanes (Orkustofnun - (National
energy authority), 2009). This share of the primamgrgy is imported. In 2007, imported fossil
fuels (CIF) accounted for approximately 12% of &e&l’'s total export (FOB) (Orkustofnun -

(National energy authority), 2008).

Large reserves of petroleum, which is the sourckgofd hydrocarbon fuels such as gasoline,
exist in many parts of the world. However, althouplese reserves are large, they are also
limited and depleted at a faster pace than thepeairey formed (Atkins & Jones, 2007). Around
96% of the energy consumed by vehicles worldwide laydrocarbon-based fuels (J. Brey,
Contreras, Carazo, & R. Brey, 2007). Oil is a comtating, polluting, nonrenewable and
geographically localized energy resource. If curreandency continues, the environmental
problems and those of energy dependency will ba eware serious. Increased interest has been
in using renewable energy as a fuel.

Changing to another fuel is not an easy task. Tfrastructure is in place for the conventional
liquid fuel in Iceland and most of the vehicles aither using diesel oil or gasoline as a fuel.
Using methane as a fuel is a recent viable altemah Iceland. Iceland has neither any
operating natural gas fields nor oil extractioresitHowever, there is a potential of using
biomethane coming from landfill sites (as organiaste undergoes anaerobic decomposition),
sludge, manure and energy crops (Reinhart, 199#&usBions have also been about using
hydrogen or biodiesel. In this research it was dkstito look at the financial evaluation of using
biomethane.

Common use of landfill gas abroad is to generagetetity or as a heat source (Deublein &
Steinhauser, 2011). This is not important in Icdlas the country has its electricity and heat
coming from renewable energy sources, such as hgmtiocgeothermal. These sources fulfill the
demand for this small nation. The landfill metham@ potent greenhouse gas (Brown, LeMay,
Bursten, & Burdge, 2002) and it is for this reasors collected, instead of released into the
atmosphere. Using the methane as a fuel for vehsdems therefore to be a good option. It
releases energy when combusted, along with watgrcarbon dioxide and it becomes a less
potent GHG. When considered in a global perspedtivecomes carbon neutral.

A directive from the European Union (EU) establgl@ecommon framework for the production
and promotion of energy from renewable source®ims of national targets and measures. By
the year 2020, the share of energy from renewaidegy sources in the transport sector must
account for at least 10% of the final energy consion in the sector. This is in order to
promote cleaner transport and to limit greenhouse gmissions (“Promotion of the use of
energy from renewable sources,” 2010).

On January 12011, a legislation was enacted in Iceland whicdnged the way automobiles are
taxed. Now it is based on G@mission, instead of weight. Furthermore, taxe$yrocarbon
fuels were raised. The objective of the bill iséduce greenhouse gas emissions, in accordance
to Iceland’s international obligations (“Nefndatalim frv. til I. um breyt. a |. nr. 29/1993, um
vorugjald af 6kuteekjum, eldsneyti o.fl., Iogum B8/1988, um bifreidagjald. - (Committee: on
changes on excise taxes on vehicles and fuel),0R0At the same time, the price of gasoline
and diesel in ISK at the pump in Iceland becameen®xpensive than ever. This will have a
great effect on those that drive their cars adath as taxi drivers.
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Iceland has recently undergone a financial crists ia now dealing with its consequences. One
part of that, is the higher price of imported produas the country’s currency, the Icelandic
krona (ISK), lost a lot of its value in the aftetitmaf the crisis, resulting in a lower purchasing
power for Icelanders. The price of gasoline set¢@md, 213 ISK/L on January 10, 2011. The
current price of methane is 49% of the price of bie of gasoline, when compared on same
energy content basis. The number of new importedviehicles has reduced drastically as well
(Umferdarstofa - (The road traffic directorate)12@).

Taxis are on average driven more than most passeage (Umferdarstofa - (The road traffic
directorate), 2010b). They are also operated ipeziBc region where methane filling stations
are available. On February 1, 2010, the first gasdiaxi was converted to a bi-fuel vehicle in
Iceland, in order to use methane as a fuel. Comgegasoline vehicles is a well-known and
proven technology, but is the conversion of a Mehto methane fuel financially feasible in
Iceland?

This research looks into the financial feasibilifyusing methane for the Reykjavik capital taxi
fleet. This research is unique, in that this isftrst time analysis of this are provided for tlagit
fleet in Reykjavik, Iceland.

2 GOAL AND SCOPE OF THE WORK

2.1 Goal

The purpose of this master’s thesis is to evalti@dinancial feasibility of using biomethane as
an alternative fuel for the taxi fleet in the Reykik capital area. The overall objectives of this
research is to answer the following three questions

1. Is methane, as an alternative fuel for taxis in Reykjavik capital area, economically
feasible?

2. What is the potential national saving?

3. What is the reduction in emissions / pollution?

In order to answer these questions in a quantgatay, a model discussed in the research
methodology section will be used. First, the fleetesearched and analyzed. On the basis of
those findings, cases for different emission class® formed, on which financial analysis is

then applied. These research questions will be aresivunder different scenarios. In the end,

recommendations will be formed for taxi drivers ahné Icelandic government.

1. The investment is assumed economically feasible hias a positive net present value
over its lifetime.

2. National saving is defined as the value of impotfiieds of gasoline in USD that is saved
over a period of one year, if all gasoline taxiatthre found to be economically feasible
for conversion would be converted. The USD curremeg chosen since in international
markets, oil products are traded in USD currency.

3. For greenhouse gas emission, the total new €&fiission over a period of one year was
found. Furthermore, because of its importance inssion standards, the following
pollutants were analyzed for the same period: COy &hd HC pollution. In this report,
HC is used for non-methane hydrocarbons.

13



2.2 Scope

This research looks into the financial feasibibifyconverting existing gasoline taxis into bi-fuel
vehicles, and use biomethane from Alfsnes land§lian alternative fuel instead of gasoline. All
amounts are in real values.

As no commercial conversion of diesel passengerisarurrently provided in Iceland, this study

will look into the case of gasoline vehicles. Tleus is on having vehicles converted since the
number of vehicles imported has seriously decreafied Iceland was hit by the economic crisis

in 2008 (Umferdarstofa - (The road traffic direeti®), 2010a), slowing down the rate at which
the fleet is renewed. Furthermore, converting acleltosts less than buying a new one.

The scope of the work is the taxi driver, operaimghe Reykjavik capital area, who owns his

own car, buys the fuel and considers convertingvkisicle to be able to use methane as an
alternative fuel. This operating region was chosecause of the location of the methane filling

stations within the area.

The chapter on pollution is a tailpipe calculatioh how much newCO, is added to the
environment from combustion of the fuel. It hasb® kept in mind that landfill biomethane,
when combusted as a fuel, is assumed carbon nestrlis a renewed carbon, in the carbon
cycle.

Summary of scope:

1. Find out the financial feasibility of convertinggasoline taxi into a bi-fuel vehicle and
would be able to operate on methane as its prirfogly

2. Analyze the financial viability from the standpowftthe taxi driver, the vehicle’s owner.

3. Tailpipe emission is estimated of the pollutantd aBow much new C@is added to the
environment.

3 LITERATURE REVIEW

Literature more than 5 years old was excluded ftioanliterature review, as it might be outdated
since technology evolves fast. No comparable lidagistudies were found in the literature on
converting vehicles to use methane as a fuel fristaapplicable to this case in Iceland.
However, the following studies were reviewed paifady.

Johnson (2010) applies net present value calcakmtim compressed natural gas vehicles (CNG).
He built a CNG vehicle and infrastructure cash-flevaluation (VICE) model to assist fleets and
businesses in evaluating the profitability of po@nCNG projects. Johnson presents his
findings in the paper “Business case for compressgdral gas in municipal fleets” and looks
into the feasibility of using CNG in fleets of désvehicles; transit buses, school buses, and
refuse trucks, which always refuel at the sameostatis calculations also include investment
in a refueling station. This business case targeisicipal governments and it does not cover
investment for taxi fleets or on individual vehidbasis. Furthermore, it does not include any
calculation of pollution nor emission saved.

14



In their research “Life cycle cost analysis of ailtdive vehicles and fuels in Thailand”,
Goedecke, Therdthianwong, & Gheewala (2007) publiskir findings of a life cycle cost
analysis, which they applied to alternative fueld &ehicles in Thailand. Different technologies
are evaluated and compared from an objective petigspethe cost of providing the function of
transport and at which cost, including direct andirect costs. Among vehicles compared are
the ones that are able to use methane as a biffislis done from the standpoint of the society.
However, it does not evaluate the feasibility frthra standpoint of prospective individual buyer.
Net present value calculations were applied butheeiinternal rate of return nor various
scenarios were applied. This study is not appleablevaluate the feasibility of operating a taxi
in Iceland.

The research "Evaluation of automobiles with akike fuels utilizing multicriteria techniques™
(J. Brey, et al., 2007) is a multicriteria compansof different technologies in the automotive
sector. The comparison is conducted, both of soxrstieg technologies as well as ones under
development. The variables researched are purdusseenvironmental cost, fuel cost, acoustic
emissions, energy consumption well to wheel, maxmmgpeed and acceleration. Of all the
different technologies compared, the CNG vehicée, bne of the best score.

No comparable feasibility study on methane carsbessn found. This research applies state of
the art financial modeling on converting gasoliagig in the Reykjavik capital area. It also finds
out the emission for the fleet as well as the pidenational saving.

4 BACKGROUND INFORMATION

4.1 Biofuels

Of all the different fuels that are now being expbb as alternatives to the conventional ones,
biofuels look promising as they are renewable artian neutral contrary to conventional fossil
fuels. Being carbon neutral means that the totaintity of CQ released to the environment
during the manufacture and burning of a biofudimilar to the quantity of COremoved from
the environment by photosynthesis during the plgndsvth (McMurry & Fay, 2009). Biofuels
include a broad range of fuels, which are, in oag o another, derived from biomass.

4.2 Biomethane

Biomethane is the green energy equivalent of methahich is the principal component of
natural gas. The difference lies in the origin.rBethane is odorless, colorless gas and contains
four single C-H, carbon and hydrogen bonds. Itthasnolecular formula CHas can be seen in
Figure 1, and is the simplest of hydrocarbons generated by anaerobic (takes place in the
absence of oxygen) decomposition of organic mdteyidacteria (Housecroft & Constable,
2010 and Atkins & Jones, 2007). When methane isocmted in the presence of oxygen, the
result is carbon dioxide (G water (HO) and energy.

15



Figure 1 - A methane molecule

o

(Source of image: ISSI: International Space Scidnsstute)

4.2.1 Greenhouse gas effect

Methane is a very potent GHG and has 21 times marening potential thai@O, over a 100
year period. It has a half-life in the atmospheralmut 10 years, where&@®, is much longer-
lived. Given this large contribution, important vetions of the greenhouse effect could be
achieved by reducing methane emissions or capttine@missions for use as a fuel, as it might
otherwise escape into the atmosphere (Brown, Le®axsten, & Burdge, 2002).

4.2.2 Alfsnes landfill

The biomethane sold in Iceland is obtained at thgkRwik capital area landfill site, Alfsnes.
Landfill gas has been collected from this site 8id®96. According to the landfill's operating
license, landfill gas has to be collected and zddi if possible (Umhverfisstofnun - (The
environment agency of Iceland, 1998).

To be fit for automotive use, its quality needsbwupgraded as close to a compressed natural
gas (CNG) as possible. The treatment includes ramolv carbon dioxide, water and minor
contaminants in order to achieve minimum methamderd, preferably 95% (National research
council, 2008).

4.2.3 Methane as a fuel

The methane fuel is stored compressed in gas tankee vehicles, at up to 220 bars (Metan,
2010). To be able to use methane as a fuel foragional gasoline vehicles, their engine must
be modified in order to accommodate natural gagsg@&an, 2010). A new original equipment
manufactured (OEM) bi-fuel, methane and gasoliejctes can also be bought.

In terms of energy per unit, the methane gas corfimg Alfsnes landfill site in Reykjavik is
less expensive at the pump than regular gasoliridesel. Gasoline is sold in the unit of liters
but the landfill methane is sold in the units ofrmal cubic meter (Nf). One Nni of
biomethane sold in Iceland has more energy cortent one liter of 95 octane gasoline, as
100% methane equals in energy content, 1,12 ljMetan, 2011a). The landfill gas captured at
Alfsnes landfill site is on average 50% to 60% raeth but 97,5% when it has been upgraded
(Mannvit, 2010).

Currently there are two filling stations in the brzad area. One is located in Arttnsbrekka,
Reykjavik and the other in Tinhella, Hafnarfjordwath are operated by N1 (Metan, 2011b). One
more is planned in Keflavik, by Metanorka in cogtiem with Keilir (Metanbill, 2010).
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4.3 Emissions

Landfill methane as a fuel generates carbon diowiden combusted. It is renewed every year
for as long as the Sun shines and produces greensplAtkins & Jones, 2007). Therefore, it
does not contribute to greenhouse gas effects ktalgvarming. This is contrary to fossil fuel
which adds C@to the carbon cycle when combusted.

In their research “An experimental investigationGNIG as an alternative fuel for a retrofitted

gasoline vehicle”, Aslam et al. (2006) found outtm the case of local pollutants, the converted
vehicle had lower emissions of carbon monoxide (@) hydrocarbon (HC) but more nitrogen

oxide (NQ) compared to gasoline. The problematic traffi@redl pollutants such as ozone

precursors, particulates and benzene in partieuasignificantly lower compared with gasoline

and diesel. Due to their importance in emissiondaeds, the focus will be on CO, HC and ,NO

Table 1 - Change in vehicle’s emission after beiognverted and using methane as a fuel

Changein
Pollutant emission (%)
Hydrocarbons (HC) -50%
Carbon monoxide (CO) -80%
Nitrogen Oxide (NOXx) 33%

(Source: ASLAM et al., 2006)

Table 1 lists the results from the research of wskt al. (2006). By using CNG instead of
gasoline in a converted vehicle, the CNG producediserage 50% less emission of HC, 80%
less of CO but 33% higher emissions of N@hese are comparable to results from another
research, by Kalam et al. (2004). They found oat thcompared to base petrol engine, CO and
HC reduction of between 40-50% and 35-50% wereeaeli and NQemission were increased
by 30% (Aslam et al., 2006). These percentage asaagply to vehicles converted into bi-fuel,
gasoline and methane cars, but not natural gasleshoriginally manufactured as such.

HC is a product of incomplete combustion as wellGf3. HC emissions contribute to the
formation of ground level ozone, which can causealge to human health and vegetation. CO is
colorless, odorless and poisonous gas which redhedslood's ability to carry oxygen. NO and
NO, are collectively known as NOXx. It is generated whérogen in the air reacts with oxygen
at high temperature and pressure inside the endinbas the potential to cause human
respiratory problems at high concentrations. NOx also one of the precursors for
photochemical ozone formation.

The reason for more NQis high combustion temperature (when comparedydsoline),
pressure and lean mixture. Furthermore, the singplemical bond of CNG (compared to
gasoline) is also a reason of more Nf@ing emitted, than in the case of gasoline. Bpleying
exhaust gas recirculation (EGR), N@mission at high engine loads can be reducedoutith
sacrificing smoke emission and thermal efficiengglém et al., 2006).
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4.4 Price and taxes on fuels in Iceland

Each cubic meter of clean Icelandic landfill methas sold for 114 ISK/Nrhas of January 11,
2011, including VAT. It carries no other taxestHé methane price is put into comparison with
95 octane gasoline energy level, the price is I04SK/L (Metan, 2011a) as can be seen in
Table 2. The price of one liter of 95 octane gamois 212,9 ISK (N1, 2011).

Table 2 - Price of gasoline 95 octane and methane

Amount in ISK
Gasoline price (ISK/L)* 212,9
Methane price (ISK/NM) 114

Methane price (ISK/L)** 104,37
*Self-service price at N1 filling station on®bf January 2011 (N1, 2011). ** Energy equivalehgasoline.

(Source of data: N1, 2011)

Figure 2 - Gasoline and methane price developments
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Note: All amounts are in each year’s price levedlués not adjusted for inflation.

(Source of data: N1, 2011)

The price of gasoline has fluctuated more tharptice of methane and has always been higher.
The price of gasoline reached its highest pealamudry 10, 2011, at 213 ISK/L (N1, 2011). The
price of 95 octane gasoline is similar from alllfpeviders in Iceland.
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Table 3 - Taxes on fuel in Iceland

Gasoline 95 Methane  Methane
oct (ISK/L) (ISK/Nm®)  (ISK/L)

Price 212,90 114,00 104,37
Excise tax 23,9 0,00 0,00
Special excise tax 38,6 0,00 0,00
Carbon tax (ISK/L) 3,80 0,00 0,00
VAT (25,5%) 43,26 23,16 21,2
Price excl. all taxes 103,43 90,84 83,16
Share of total price to the government 109,47 23,16 21,2
% Share of total price to the governme 51,4% 20,3% 20,3%

Note: All values are as of fof Jan 2011.

From Table 3 it can be seen that for every litegadoline there is excise tax, which is a fixed
amount of 23,86 ISK and special excise tax aldoxeal amount of 38,55 ISK, total 62,41 ISK.
The special excise tax is earmarked to The IcetaRtiad Administration (ICERA) for road
construction while the excise tax is a part of gogernment’s taxation (“L6g um radstafanir i
rikisffarmalum - (Law: government finance),” 20XQpHg um vorugjald af 6kuteekjum, eldsneyti
o.fl. nr. 29 - (Law: excise taxes on vehicles amel),” 1993).

A carbon tax is a fixed amount, 3,80 ISK for eatdr lof gasoline. Both the excise taxes and the
carbon taxes were raised on January 1, 2011 (“Lagr&dstafanir i rikisffarmalum - (Law:
government finance),” 2010; “Léog um umhverfis- ogidbndaskatta nr. 129 - (Law:
environmental taxes and taxes on utilization ofuradtresources),” 2009). A 25,5% VAT is
added to the final price (“L6g um radstafanir i temalum (virdisaukaskattur o.fl.). - (Law:
Taxes),” 2009; “Log um virdisaukaskatt nr. 50 - \{:avAT),” 1988). In the case of methane, it
currently does not carry any other taxes except VAT

The price of methane, in one liter of gasoline gpexquivalent, is 49% of the price of gasoline.
The total of 51,4% of the price of gasoline areetaxvhile taxes are 20,3% of the price of
methane. If all taxes were deducted from the pdtéoth fuels and the prices compared,
methane would still be less expensive, 20,27 ISKyiding a possibility for cost savings.

4.5 Automobile taxes

Automobile taxes are due twice a year and are basea vehicle’s registered G@mission,
measured in grams per kilometer. Ten different sioiscategories exist.
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Table 4 - Automobile taxes in ISK, based on £€mission in grams per kilometer

Class COgjemission (Gr/Km) Automobiletaxes Over aperiod of 1 year

A 0-80 5.000 - 5.000 10.000 - 10.000
B 81-100 5.000 - 5.000 10.000 - 10.000
C 101-120 5.000 - 5.000 10.000 - 10.000
D 121-140 5.120 - 7.400 10.240 - 14.800
E 141-160 7.520 - 9.800 15.040 - 19.600
F 161-180 9.920 - 12.200 19.840 - 24.400
G 181-200 12.320 - 14.600 24.640 - 29.200
H 201-220 14.720 - 17.000 29.440 - 34.000
I 221-250 17.120 - 20.600 34.240 - 41.200

J >250 >20.600 >41.200
Source: Calculated values, based on law on autdentabxies (2010).

Table 4 lists the emission classes and the chanagieesenting each class. Automobile taxes for
each vehicle per period, which are less than 3kd06@rams are at least 5.000 ISK, based on
CO, emission lower than 121 Gr/Km. For each extrango&registered C@emission above the
60 Gr/Km, 120 ISK are paid. Table 4 also lists¢hieulated taxes, which are due yearly based
on emittedCO,. The tax increases as the vehicle emits moke

If a vehicle does not have amp, emission registered, it is calculated as 0,12 gréon each
kilogram of the cars dead weight as well as 50 graaded to that number. Vehicles using
methane as a main fuel, either a new vehicle ortlestehas been converted and been certified as
a methane vehicle, pay the lowest automobile ta8BQ® ISK (“Log um breyting & 16gum nr.
29/1993, um vorugjald af dkuteekjum, eldsneyti pligum nr. 39/1988, um bifreidagjald, og
l6gum nr. 87/2004. - (Law on changes of excisedaral automobile taxes),” 2010).

4.6 Converting a gasoline taxi

Converting gasoline vehicles and using methanefaslas a proven technology. Spark ignition
engines can be converted to CNG operation quitdyeag adding a second fueling system.
CNG has been used in vehicles since the 1930’sa(Asl al., 2006).

Today, a taxi driver can have his car convertethiee places in Iceland; Vélamidstddin, Einn

greenn and Megas. The cost is in a similar rangalf@onverting workshops. The first taxi was

converted by Vélamidstddin in February, 2010. AsJahuary 5, 2011, three taxis have been
converted, which are operating in the analyzed.area
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Table 5 - Cost of converting a gasoline vehicle [8K)

Number of cylinders Price
4 cl 405.000
6 cl 495.115
8 cl 510.865

Prices (including VAT) at Metanbill’'s website, asJanuary 11 2011.
Source: (Metanbill, 2011)

The price depends on size and type of the caisilgeand number of the methane tanks, number
of cylinders in the engine and how much, if anytfiineeds to be custom-built.

Table 5 lists the price for a vehicle with 4, 6 @dylinders. The price includes the necessary
equipment, installation and has a 2 year guaramiega CNG tanks can be added as long as
there is space available. Special loans for comuete methane vehicles are currently available.

The vehicle becomes a bi-fuel vehicle, having sspatanks for gasoline and the gaseous fuel.
The methane fuel system is an addition to the iegigiasoline system and the driver can choose
which fuel to use by flipping a switch. Having mdhan one fuel tank gives the vehicle more
kilometer range than before being converted. Howedhe gas tanks take up storage, most often
space in the vehicle’s trunk, which might undertaier circumstances affect a taxi driver's
business, if a passenger has a lot of luggage.

After conversion, the vehicle can be operated usitger methane or gasoline. However,

gasoline is needed in order to start the vehicié| certain temperature of the engine is reached,
at which time it switches to methane. After thhg taxi driver can choose which fuel to use by
clicking a button inside the vehicle. The gasoloesumption during start ups, depends on
various factors, such as outside temperature any@a.

The cost of operating and maintaining a convereguaole is much the same as before the vehicle
was converted except for the cost of different sypkfuel. Some fleets report 2 to 3 years longer
service life and extended time between requirechteaance as the result of a cleaner burning
fuel. Conversion companies and manufacturers rea@mneconventional maintenance intervals

(The national renewable energy laboratory (NREDDD).

A temporary clause is found regarding the excigewthich enables car owners that have had
their cars converted to have part of their excserepaid, which is a maximum of 20% of the
conversion cost, although not higher than 100.@X. lin order to qualify for that, the vehicle
has to be certified as a methane primary fuel Vetaad registered as such at The road traffic
directorate. The vehicle needs to be less thana6syad and to have at least 78 liters methane
tank installed. A maximum number of 1.000 vehialaa have this conversion cost repaid (“L6g
um breytingu a ymsum lagaakveedum um skatta og gjfildw on changes of various taxes),”
2010).
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4.7 The taxi fleet

Total number of taxi work permits is area basedefjion 1 and region 2 (listed below) there are
560 permits. Taxi drivers can temporarily turn iheit work permits (“Reglugerd um
leigubifreidar nr. 397 - (Regulation on taxis),"().

Region 1: Reykjavik, Kopavogur, Hafnarfjorour, Gardabeer,tji@8glarnes, Mosfellsbeer and
Bessastadarhreppur.

Region 2 Reykjanesbaer, Midnes-, Gerda- and Vatnsleysiddraneppur.

Each taxi driver owns his car and has to finane@itrchase on his own. The taxicab companies
only serve as service stations for the driversaféee. The drivers have to belong to one of the
taxi companies. Taxis are subject to yearly indgpactWhen inspected, their kilometer number
is registered in The road traffic directorate’sadbatse. This database includes among other things
information on vehicle’s type approval, which iscanfirmation that production will meet
specified performance standards such as fuel coosumand emission of the vehicle. The
directorate is the government agency that admpmsistehicle registration and driver licensing in
Iceland. Taxi vehicles are labeled specificallytire database. If they are sold or the taxi
equipment’s are removed, the label is removed fiteerdatabase.

Analysis of the fleet is found in chapter 6, “Thaesting taxi fleet analyzed”.

5 METHODOLOGY AND APPROACH

This chapter describes how data for the researshceitected and analyzed, as well as how the
feasibility assessment model was used and consttucio make the formulas easier to
understand, a fictional case is used as an exaanplelemonstrated when applicable.

Data of the fleet was first obtained from The rdeaffic directorate’s database (2010) and
analyzed. Based on those results, specific caseaaf emission class were formed. Finally,
financial models were applied to find out theirdidity. The methodology used for evaluating
each financial case are net present value (NPV)raathal rate of return (IRR).

5.1 Data collection and processing

In order to have as realistic data of the taxitfle® possible in a given period, data of vehicles
listed as taxis was obtained from The road traffiectorate’s database (October 28, 2010). The
data included information of vehicle’s type apprgvas well as driving history from vehicle’s
previous inspections.

The data of the current taxi fleet was analyzedahghly. Only registered information of
currently operating taxis in region 1 and 2 wered o have reliable up to date data of the fleet.
Data of taxis found not being operated were deldtethlly, the database was cleared of obvious
errors.

Total number of taxi vehicles operating in thiseamsere found to be 534, of which 386 had
information about vehicle’s type approval.
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5.2 Model determinants

The taxi fleet was categorized based on vehicle®, @mission, based on the way the
automobile tax system is set up. Ten categorieg weed, each represented by a letter, from A
to J. The letter A represents the emission clatis the lowest emission and J the most emission.
The vehicles that do not have their type approisied were scaled up in accordance to the
existing share of the emission classes.

To find the number of kilometers driven over a pdrof one year, the difference between the
last two inspections was found, as well as the rermolb days in between. Records having less
than 150 days in between were removed. This was ttbhave data over a long enough period,
to prevent wrongly scaled up / down data. If tHerkieter readings found were not in correlation
with previous readings of the vehicle, the oldecords were inspected further. If the last
calculated driving distance was determined unusdideone before is used.

Numbers of kilometers driven over a period of oearyfor each vehicle, if more than 150 days
were between inspections, were calculated as follgw

Equation 1 - Driving distance over a period of ogear

Km; — Km, 365 = D
_ % =
D, — D, v
Source: (Author’s calculations)
Where:

Kmy, = Kilometer readings from last inspection;
Km, = Kilometer readings from the second last inspettio
Kmp, — Km, = driving distance between inspections
D, = Date of last inspection;

D, = Date of second last inspection;

D,— D; = Number of days between inspections;

365 is number of days over a period of one year

Dy, = Driving distance over a period of one year

The number of kilometers difference was dividedtlyy number of days and multiplied by 365
days. An example is provided in Appendix B — Exaespl
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To find out the gasoline consumption (in liters) edich vehicle, for all emission classes,
kilometers driven over a period of one year wastipligd by urban driving fuel consumption.
This data is listed in liters per 100 kilometersl as found in the vehicle’s type approval data.
Urban driving was used in the model instead oflraral mixed driving when calculating fuel
consumption as these taxis operate in an area whdgghres mainly urban driving. Furthermore,
the vehicles are often in operation, making it leseded to add extra fuel consumption i.e. in the
case of the engine being cold. Average kilometeked were found by taking the total value of
driven kilometer distance for each class and dingdiy number of vehicles found in that class.

To find the emission from each vehicle, stated, @@ission (in grams/kilometer driven) was
multiplied with kilometers driven over a period afie year. The same method was used to find
the pollution emitted.

The methane fuel consumption is a calculated vdtus.based on the same energy content as
would be needed in the case of gasoline for eabithee The price of methane, in one liter of
gasoline energy content equivalent is used, to tiaduel prices on comparable basis. In order
to find the price of methane in per liter of gaseliequivalent, as it is sold in Nt was
calculated by using the following equation:

Equation 2 - Price of methane per liter of gasolimguivalent found

Where:
Pw = Price of methane at the pump;
M% = The share of methane in the bio fuel sold;
By dividing Ry in M%, the price of 100% methane fuel is found,;
L = The energy content of 1 Nof 100% methane, in gasoline equivalent;
Pse = Price of methane in per liter of gasoline egléma

An example is provided in Appendix B — Examples.

To find out the total emission, pollution and ctistthe fleet, the value for the average vehicle
found for each emission class is multiplied witle thumber of vehicles in that particular
category.
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5.3 Present value (PV)

Money is worth more today than it is in the futuas,it can be invested today and increased. In
order to compensate for this fact and incorporate vvalue of money, a discount rate has to be
determined. The discount rate is often referredstoninimum attractive rate of return (MARR).

It represents a rate which the investor could adtevely invest his money. That is, the return of

the most preferable alternative investment. The timarizon of the investment needs also to be
determined and the cash flow associated with eagbg(Park, 2010).

Present value is the value on a given date, otiadyayment or in this case a series of future
payments, using the discount rate to reflect time wvalue of money as shown in Equation 3.

Equation 3 - Present value (PV)

A
PV = Grgm

Where:
A = Cash flow at the end of period n;
I = Discount rate;
N = Service life of the project

An example is provided in Appendix B — Examples.

5.4 Net present value (NPV)

Net present value (NPV) is the difference betwegmegent value of all cash in- and outflows
associated with an investment project (Park, 20I0¢se costs and cost savings are called “cash
flow”, with costs being represented as a negataghdlow (outflow of money) and savings as a
positive flow (inflow of money).

When comparing these two alternative investmenis,niet present value of the difference in
cost, from operating gasoline vehicle and convertesdthane vehicle is used. In this case, it
includes the cost of the conversion equipment slpased now, along with future costs linked to
this investment as well as the cost savings froehdnd operations throughout the lifetime of the
project. For example, the difference in cost ofl.fumvitching from gasoline to methane is

accounted for while the cost of insurance is ngbaated for, as insuring a vehicle is not linked
to it being converted and would be the same amioumdth cases.
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The NPV is calculated as following:

Equation 4 - Net present value (NPV)

Py = Ao A, Ay
O=arotazo " tazon
_ Z Ay
- n:0(1+i)”
Where:

A, = Net cash flow at the end of perind
i = Discount rate;
N = Service life of the project
(Source: Park, 2010)

The decision rule for NPV (Park, 2010) is as foliogv

If NPV(i) <0, the investment should be rejected as it has gregjuivalent value of outflow
than inflows and therefore makes a loss.

If NPV(i) = 0, remain indifferent to the investment.

If NPV(i) > 0, the investment should be accepted as it hasegregtiivalent value of inflows
than outflows and therefore makes a profit.

If mutually exclusive alternatives are being congplarthe one with the greatest positive NPV
should be selected. An example is provided in AppeB — Examples.

5.5 Internal rate of return (IRR)

Internal rate of return (IRR) is the interest relb@arged on the unrecovered project balance of the
investment, such that, when the project termindbtesunrecovered project balance will be zero
(Park, 2010).This means that the investment has X&V, when the rate of return, which is
noted as i*, is used. The IRR is equal to the natech sets the following equation to zero.

Equation 5 - Internal rate of return (IRR)
N
NPV (i*) Z An
l = —
A+
n=0

Where:
An = Net cash flow at the end of periogd
I* = IRR,;
N = Service life of the project
(Source: Park, 2010)
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Investors want to have a higher return than onlyreak even for their investments. As marginal
attractive rate of return (MARR) is usually defindldR and MARR can be used to find out if an
investment is feasible or not.

The decision rule for a certain investment is diefong:

If IRR < MARR , the investment should be rejectexithe rate of return of the investment is
lower than the marginal attractive rate of return.

If IRR = MARR, remain indifferent to the investnten

If IRR > MARR, the investment should be acceptsdte rate of return of the investment is
higher than the marginal attractive rate of return.

However, the decision rule becomes more complicétiné investment has a net cash flow with
more than one change in sign. When that is the tteseroject can have multiple IRRs which
makes it difficult to decide which IRR should bens@wlered the right one to use (Kierulff, 2008).
One of the drawbacks of the NPV method is thatsguaes that periodic cash flow will be
reinvested at the discount rate. The IRR methodnass reinvestment using the IRR as an
interest rate. Both of these assumptions are ma@yal realistic (Park, 2010). The NPV method is
usually considered a superior method to the IRR blmvever, the viability of IRR should be
dismissed, as in some cases it may be better shiéedthe NPV (A. C. Lee, J. C. Lee, & C. F.
Lee, 2009). An example is provided in Appendix Bxamples.

5.6 Payback period

The payback method determines how long it takes#taeceipts to equal investment outlays.
This means that it will find how long time it wilhke the investment to pay for itself, using the
amount saved. This method comes in two forms, eitbaventional payback method which

does not account for the value of money and theodisted payback method (Park, 2010). The
results show a longer payback period, when disesuicbsh flow is used. An example is
provided in Appendix B — Examples.

6 THE EXISTING TAXI FLEET ANALYZED

In order to have the research as precise as pessiibrmation on already existing vehicles in
the taxi fleet were analyzed, using data from ttedaindic road traffic directorate’s database (as
of October 28, 2010) (Umferdarstofa - (The roadfitralirectorate), 2010a). On the basis of the
calculated and analyzed data, cases were set wgvétwating the feasibility of vehicles for all
emission classes.

All tables and charts in this chapter are constéaictsing information from this database.
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Table 6 - Number of taxi vehicles in the fleet, leason fuel type

CQOz emission* Gasoline/ Gasoline /
Class (Gr/Km) Gasoline Methane Electricity Diesel
A 0-80 0 0 0 0
B 81-100 0 0 0 0
C 101-120 0 0 4 0
D 121-140 0 1 0 4
E 141-160 1 2 0 39
F 161-180 4 1 0 45
G 181-200 98 0 0 82
H 201-220 62 0 0 61
I 221-250 47 0 0 55
J >250 10 0 0 18 Total
222 4 4 304 534

* Based on tailpipe emission.
Source: Data from the Icelandic road traffic dicgate’s database (2010a)

According to the analyzed data, using the vehictgge approvals, gasoline and diesel were
found to be the most common fuels used by theflegi. This is listed in Table 6. Methane and
hybrid electric were also used, but they were &msamon. Total of 222 gasoline vehicles were
found to be operating, 4 methane / gasoline, 4rgdéy / gasoline and 304 diesel. A total of 534
vehicles were found being operated of the 560 wmekmits. This makes diesel being the
majority of the fleet or 57%, gasoline 42% and raléive fuel vehicles representing a small
minority of less than 2%. As this is the case, pt&t savings in imported gasoline could be
considerable.

As Table 6 is constructed based on vehicle’s tygpaval, information on converted vehicles is
not listed. Those vehicles are listed separatethie database but are listed in this table as
gasoline vehicles. Converted gasoline / methans teare found out to be two. Therefore, the
total number of taxis using methane was 6 and gesuoehicles 220.

Most gasoline vehicles were found in emission classaving between 181-200 gramscak,

emission per kilometer driven. Second most in ckssd third in emission class I. This is also
the case for diesel. These three are all high émnisdasses and account for 93,2% of the taxi
fleet. However, no gasoline cars were found torb#hé four lowest emission classes, A, B and
C. A possible reason for this could be that smaldes might not be suitable to be used as taxis.

What is notable regarding the classification of thethane vehicles is that they are in similar
categories as gasoline vehicles. The reason tleey alasses D, E and F is that this is a tailpipe
emission which does not take into account whethiera new or a carbon neutral emission, as is
the case of the combustion of biomethane. Thesileshare however taxed as if they were in
emission class A, according to the new legislation.
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Table 7 - Number of new gasoline taxi vehicles r&gred from 2005 to 2010

Year Vehicles

2010* 3
2009 5
2008 29
2007 45
2006 29
2005 38

* For the period from January 1, 2010 to October2Z8.0
Source: Data from the Icelandic road traffic dioeate’s database (2010a)

Table 7 lists the number of gasoline taxis regesteas new in Iceland, from the beginning of the
year 2005 until the end of October, 2010. Most elelsi in the gasoline fleet are from the year
2007. Notably fewer vehicles were imported afteddad was hit by a financial crisis in the late
year of 2008, and the same can be seen for the 2092010 values. This might be due to a
higher price on imported vehicles, and more ditties in financing a new car.

Figure 3 - Percentage share of gasoline usage gredjy emissions class

1;5,4% E;0,4% F; 1,4%

1;23,7%
G; 43,0%

H; 26,1%

Source: Calculated values based on data from #iandic road traffic directorate’s database
(2010a)

Total gasoline consumption was found to be 945#@ls in one year. Three of the biggest
groups accounted for 92,8% of the usage, equal 70288 liters. This is in accordance to the
number of vehicles in these three groups. The $irgae is G with a 43% share, a total of
406.507 liters. Groups H and | used 26,1% and 23g&ectively.
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Table 8 - Average kilometers distance driven byisaxver a period of one year (Km/Yr)

Class* All vehicles** Gasoline

A - -
B - -

C 45.655 -

D 37.075 -

E 50.767 43.717
F 38.630 33.909
G 44.453 39.118
H 41.302 32.626
I 42.578 36.010
J 43.211 34.130

* In order to specify average kilometers per emissilass, vehicles having registered type appraeaé used. ** All types of
vehicles in the fleet. Diesel, hybrid, methane gasoline.

Source: Calculated values based on data from #lanidic road traffic directorate’'s database
(2010a)

According to the data, the overall taxi fleet dravital of 22.759.945 km over the period
analyzed from November 2009 to October 2010, wigisel vehicles driven 14.472.590 km and
gasoline 8.069.463 km. As can be seen in Table &) cases, vehicles in the overall fleet drive
on average more than its gasoline counterparts.

Vehicles in emission class E are being driven arage the most, both in the case of total fleet
as well as gasoline fleet. These average numbers @il cases higher than the average value of
passenger cars being driven in Iceland, both inctee of diesel as well as gasoline vehicles
(Umferdarstofa - (The road traffic directorate),120).

The average kilometers of the gasoline part oflget were used as the base for the cases in the
case study as well as in the following analysitheffleet. As no gasoline vehicles were found in
emission classes A to D the focus on this anabsdasfollowing case studies will be on classes
E,F, G, H, land J.

Table 9 - Average gasoline consumption (L/100 Km)

Class Liters/ 100 km
8,60
10,00
10,60
12,18
I 13,26
J 14,84

Source: Calculated values based on data from tiendic road traffic directorate’s database
(2010a)

I O m m
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The average gasoline consumption calculated, ensliper 100 kilometers driven, was found to
increase as the emission class was higher. Thibeaeen in Table 9. The highest consumption
was found in the J category, 14,84 L/100 km, ameekd in category E, 8,6 L/100 km.

Table 10 - Average emission from gasoline vehidiaseach class

Emission class

Emission (Gr/Km) E F G H I J

CO, emission class 141-16@61-180 181-200 201-220 221-250 >250
CO, 158 174 193 209 229 261
HC 0,040 0,047 0,044 0,052 0,054 0,047
CO 0,240 0,628 0,445 0,364 0,428 0,221
NOx 0,010 0,031 0,028 0,021 0,026 0,018

Source: Calculated values based on data from 8iandic road traffic directorate’s database
(2010a)

Table 10 lists the emission of G@alculated, for the average vehicle in each eoisslass, as
well as the pollutants, HC, CO and NOXx. It is nadetivy that pollution does not always increase
at the same time the G@oes. Highest emission of HC is for example foundlass I, not J.
Furthermore the maximum emission of CO andyN®in category F, which has the second
lowest CQ of the fleet.
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7 CASE STUDY — CONVERTING A GASOLINE TAXI

In this chapter the results of the model are preseand analyzed first for a vehicle in each

emission class and then for the overall gasolieetflStandard assumptions, listed below, are
used unless otherwise stated. Impacts of diffeemsumptions are discussed in the chapter
scenario analysis. The cases are set up baseadings from analyzed data of gasoline taxis

operating in region 1 and 2.

All monetary values are expressed in ISK unlessretise stated.

7.1 Model inputs and assumptions for the standard c ase

This analysis uses multiple input variables to sateuthe financial circumstances faced by taxi
drivers. In this section, common or average vahresused to establish a base case scenario for
common operating circumstances. Several assumreasiso needed to be made. They are:

1. Cases for each vehicles class are based on thelatalt average kilometers driven,
found in the taxi fleet analysis chapter.

2. All calculations are based on gasoline and metipaices on January 11, 2011, including
the latest changes in the taxes system.

3. The taxis regularly drive past a methane fillingtisin to refill as they operate in this
particular operating area. No extra mileage is ireguto fill up.

4. The discount rate was determined as the best stteate that might be available to taxi
drivers, plus a reasonable risk rate. A value of&@%ual interest rate was chosen. Same
rate is assumed for all years.

5. If the vehicle is sold, the same resell value isuased for a regular vehicle and a
converted one, because as technology evolvesthastparticular equipment might be
outdated. This also applies to the gas tanks. Meredhere is limited experience in
reselling converted bi-fuel vehicles in Iceland.

6. Having less space in the trunk does not affecetraing possibilities of taxi drivers. In
some cases that might happen but on the other $@md vehicles get extra business as
customers specially request environmentally frigndhethane vehicles. This is in
accordance to taxi drivers experience.

7. The maintenance and operating cost is the samepexc the case of fuel price and
automobile taxes.

8. The automobile taxes do not change during theriebf the investment.

9. The fuel consumption (energy content) will be thme after being converted.

10.Loan offered for conversion is an annuity carryi®@®% interest rate. Same rate is
assumed for all years.

11.Emission rate and urban driving fuel consumptianassumed to be the same value as in
the type approval.

12. Quantity of gasoline needed when starting the enmgira converted vehicle is ignored as
it is such a small quantity. This will not affebeteconomic results of the module.

13.Higher emission vehicles are assumed to be bidigsing more cylinders, as they have
on average larger engines and higher fuel consompti

a. Emission classes: E, F, G have 6 cylinders engine
b. Emission classes: H, I, J have 8 cylinders engine
14.No custom-built is needed when converting a vehicle
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15.The price of gasoline and methane is assumed nathémge over the period of
investment.

16.As most of the gasoline vehicles are from the ®&47, the lifetime of the investment
was assumed to be 3 years. The vehicle would lB&a6old at the end of the investment.

17.The methane equipment will be useful during thegutgperiod.

18.The converted vehicle will be useful for at ledsee years after being converted.

19. Part of the excise tax is not repaid when the Vehscconverted, since the methane tanks
need to be 78 liters. The tanks are assumed takeouprge portion of the trunk, as well
as this is a temporary clause in the legislation.

20.Converted vehicles are assumed not to apply angusstigas recirculation system after
being converted.

21.Cost of imported metric ton of gasoline is assurteette 800 USD and 1.200 liters of
gasoline are found in each metric ton of gasolileese values are based on recent
market data.

Sometimes there is no distinctive value but a raofgeossible values for a parameter. In these
cases, scenarios have been set up to provide a&hsiajm project economics when various
parameters change.
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Table 11 - Summary of key assumptions

Discount rate 6% per year — Same rate all years

Loan Available at 8,5% interest pear year.
Same rate all years

Price of gasoline 95 o¢t212,9
(ISK/L)

Price of methane 114
(ISK/INmM?)

Price per liter in methanel04,37
price eq. (ISK/L)

Excise tax (ISK/L) 23,86 — Gasoline only
Special excise tax (ISK/L) 38,55 — Gasoline only
Carbon tax (ISK/L) 3,8 — Gasoline only
VAT 25,5%

Cost of imported metric 800 USD
ton of gasoline

Emission values See Table 1
Automobile taxes See Table 4
Investment lifetime 3 years




Table 12 - Summary of input data for each vehiclags’s case

Emission class

E F G H I J
Emission class, CGr/Km) 141-160 161-180181-200 201-220 221-250 >250
Average driving (Km/YT) 43.717 33.909 39.118 32.6266.010 34.130
Gasoline consumption (L/100
km) 8,60 10,00 10,60 12,18 13,26 14,84
Total gasoline usage (L/YTr) 3.760 3.391 4191  4.0394.877 5.064
CO, emission (Gr/Km) 158 174 193 209 229 261
Cost of conversion (ISK) 495.115 495.115 495.1%%0.865 510.865 510.865

7.2 Vehicle per emission class

Figure 4 - NPV and IRR of all emission class cases
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Source: Author’s calculations(2011)

The main findings of the research are that underdstrd assumptions and input data, conversion
for all emission classes would have a positivepnesent value (NPV) and positive internal rate
of return (IRR). That means the investment paystéeif and in these cases provides a return on
the invested capital, in the range of 57% to 100%at is a high return on investment. The
conversion should therefore be undertaken and methsed as a fuel.

As the vehicle classes, from E to J, have highel donsumption, drive more kilometers each
year and have the highest automobile taxes, thmgsare higher. Most savings would be
incurred in emission class J and |, even thougkscla has more average kilometers driven.
Lowest savings would be for vehicles in class Béaonverted as it uses the least of gasoline of
cases analyzed.
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Figure 5 - Payback period of investment for all ession class cases
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Source: Author’s calculations (2011)

The investment would pay for itself in the shortestge of time in the case of classes J and I.
However, it would take the longest time for a véhia the case of emission class F. Moreover,
due to the short payback time for all emissionssas a conversion is suitable in every case
analyzed.

The time it takes for the investment to pay foelitsin the case of simple payback, is from 11
months in the case of J up to 15 months for vesirleclass F. This means the initially invested
capital would be paid back for all cases in a gktess than one year for emission class J and
one year and 3 months for class F. After that tithe, cost difference would be a return on
investment. Having a shorter column is better asaans it takes a shorter time for the initial

investment to pay for itself.

Table 13 - Automobile taxes calculated based on,@®ission and potential yearly savings

Automobile Yearly
CO2 taxesdue  savings

Class (Gr/Km)  (I1SK) (1SK)
E 158 9.560 9.120
F 174 11.480 12.960
G 193 13.760 17.520
H 209 15.680 21.360
| 229 18.080 26.160
J 261 21.920 33.840

Source: Author’s caluclations (2011)

Table 13 lists up automobile taxes calculated, dase the average emission rate for each
emission class. The column yearly savings, lises plotential savings by having a vehicle
converted for each class. Highest yearly automdbikes are paid by emission class J, which
emits most. However, the highest emission cladseshave the most potential savings.
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Figure 6 - The total gasoline cost for each classdathe average distance driven over a period

of one year
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Source: Author’s calculations (2011)

Figure 6 graphs the yearly gasoline cost of eatlicleeclass along with the average number of
kilometers driven in each share. The structurdeftotal fuel cost is listed in different colors.

Table 14 - Total yearly cost of fuel and fuel cqedr kilometer driven (ISK/Yr) for each
emission class

Cost of Cost of Cost of Cost of
gasoline  methane Cost gasoline/ methane/

Class (Yr) (Yr) difference  Km Km Difference
E 800.430 392.391 408.04 18,3 9,0 9,3
F 721.913 353.899 368.01 21,3 10,4 10,9
G 883.115 432.925 450.19 22,6 11,1 11,5
H 845.993 414.726 431.26 25,9 12,7 13,2
I 1.016.320  498.225 518.09 28,2 13,8 14,4
J 1.078.132  528.527 549.60 31,6 15,5 16,1

Note: All amounts are in ISK

Source: Author’s calculations (2011)

The average gasoline consumption per vehicle irfflédet was found out to be 4.367 liters per
year. If the price of gasoline is 212,9 ISK, thistcof gasoline translates into 930 thousand ISK
per vehicle. The total cost is highest in the hgghemission classes J and | respectively with
1.078.132 ISK and 1.016.320. The yearly total cists not always increase as the emission
class gets higher, as can be seen by H havingex loest than G and F being lower than E. This
is the case although the latter classes have highsoline consumption in liters per 100
kilometers. This is due to the fact that averadenketers driven for each category is different as
can be seen in Table 8.
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When comparing the total cost of using either mathar gasoline as a fuel, for each emission
class, highest savings in fuel cost were foundlasses J and I, 550 thousand ISK and 518
thousand ISK respectively. The savings were inrtimge of 368 thousands ISK, for emission
class F to 550 thousand for emission class J.

If the cost of gasoline is calculated based on dd@ometer driven, the highest cost is found in
the highest emission class J with 31,6 ISK/Km awdelst for E with 18,3 ISK/Km. The daytime
taxi fare for 1 km in urban driving at Hreyfill, élargest taxicab company in Iceland, is 158 ISK
(after first 2 kilometers driven) (Hreyfill, 2010Jhe average salary in Iceland is 366 thousands
ISK (Hagstofan - (Statistics Iceland), 2011). Tbast of gasoline is a considerable amount of
money when these values are put in comparison.

Table 15 - Yearly new C{emission, from gasoline, for each vehicle clasg(iKr)

Emission class
Single vehicle E F G H I J
Gasoline taxi 6.907 5.900 7.550 6.819 8.246 8.908
Source: Author’s calculations (2011)

Most new CQ emission can be saved in classes | and J, or 8tficntons and 8,2 metric tons
respectively.

Table 16 - Pollution for each vehicle class (Gr/Yr)

Emission class

Pollutant E F G H J
From gasoline taxi
HC 1.749 1.594 1.729 1.692 1.927 1.604
CO 10.492 21.283 17.407 11.882 15.416 7.538
NOy 437 1.051 1.114 674 948 629

From methane taxi

HC 874 797 865 846 963 802

CO 2.098 4.257 3.481 2.376 3.083 1.508

NOx 581 1.398 1.482 897 1.261 837
Difference

HC (874) (797) (865) (846) (963) (802)

CO (8.394) (17.027) (13.926) (9.506) (12.333) (6.030)

NOy 144 347 368 223 313 208

Source: Author’s calculations (2011)
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Current pollution from taxis operating in regiorafe found in Table 16. In the same table, one
can also find the estimated methane emission amgdkential savings by using methane as a
primary fuel for each emission class. Considerabbfuctions in HC and CO especially are
achieved by switching a vehicle to using methangsa®ain fuel. Most reduction of pollution is
in the case of vehicles in class F. However theran increase in NOemission, the most in
emission class G.

Figure 7 - Minimum number of kilometers and maximumrice of methane for each vehicle
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Figure 7 graphs up the number of kilometers ne@dadoeriod of one year for the investment to
break even for each emission class. On the sanpd gin@ highest price of methane is graphed
which would set the investment break even. In otdeiind these values, the goal seek tool in
Microsoft Excel was used. It was set to find thenber of kilometers and the price of methane
that would set the net present value (NPV) to zero.

Shortest distance needed was found in the cadass & and longest in the case of E and G. The
highest price of methane that would set the investnto zero was found in the case of class |
and the lowest in F 198 ISK/Nhand in E and G, 162 ISK/NinVehicles in emission class J
need to be driven the least 7.630 kilometers par,\eut vehicles found in class E and G the
most or a total of 19.741 kilometers per year.

38



7.3 The fleet

In this chapter the part of the fleet that wouldfbasible to convert is used as the base for
calculating the national saving as well as the pdein GHG emission and pollution reduction.

Table 17 - Number of vehicles feasible to convert

Emission class

E F G H | J Tota
In the fleet 1 4 9862 47 10 222
Not feasible to convert 0O 0 205 6 1 32
Feasible to convert 1 4 7&%7 41 9 190

Source: Author’s calculations (2011)

The vehicles that do not drive the minimum numbiekitbmeters over a period of one year,
graphed in Table 17 were found out to be 32. Mésh@m being in class G which are a total of
20. Out of 222 vehicles in the gasoline fleet, #0e found out to be feasible to be converted.

Table 18 - Total gasoline cost and structure of glase cost for each vehicle class of the fleet

Emission class

E F G H I J Total %

Total gasoline liters (L/YT) 3.760 13.563 323.546 226.499 195.722 44.638 807.728

In thousand ISK*

Total gasoline cost 800 2.888 68.883 48.222 41.669 9.504|171.965 100%
VAT 163 587 13.996 9.798 8.467 1.931| 34.941 20%
Excise tax 90 324 7.719 5.404 4.669 1.065| 19.270 11%
Special excise tax 145 523 12474 8.732 7.546 1.721| 31.140 18%
Carbon tax 14 52 1.229 861 744 170 | 3.069 2%
Taxes total 412 1.485 35.418 24.795 21.425 4.887| 88.421 51%
Gasoline cost, less taxes 90 324 7.723 5406 4.672 1.065| 83.544 49%
Value of imported gasoline (USD 2.506 9.042 215.697 150.999 130.481 29.759 538.485

* All amounts are in thousand ISK, except the valfienported gasoline, which is stated in USD. #ielprice of gasoline as of

January 11, 2011 is used

Source: Author’s calculations (2011)

Yearly national saving of those 808 thousand litefsgasoline imported was found to be
538.485 USD, which would be 63,2 million ISK usiigd 7,36 ISK/USD exchange rate of
January 13, 2011. This is a considerable amounnhafey that could be used in the local
economy and to create new jobs instead. Furthernttoeeshare of the gasoline price that runs
directly to the government is 51%.
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Table 19 - CQemission of the fleet (Metric ton/Year)

Emission class
Thetotalfleet E F G H I J Total
Gasoline taxis 6,9 23,6 588,9 388,7 338,1 78,5 1.424,7
Source: Author’s calculations (2011)

Table 20 - Pollution from the fleet and potentia¢éduction in emission (Kg/Year)

Pollutant E F G H | J

HC (0,87) (3,19) (67,45) (48,23) (39,49) (7,07)
CO (8,39) (68,11) (1.086,20) (541,84) (505,65) (53,16)
NOXx 014 139 2868 12,69 12,83 1,83

Source: Author’s calculations (2011)

Total emission of new CQwas found to be 1.424,7 metric tons over a pesioone year, with
emission class G and H emitting the most, 588,%im&ins and 388,7 metric tons. This new
GHG emission could be saved by using methane adtenmative fuel. The pollution of HC and
CO was found to be reduced considerably, mostassclc but NQemission to increase, also
most in class G.

7.4 Scenario analysis

In this section, the results are presented usitigrdnt scenario of parameters.

Figure 8 - NPV - Methane price and the effect of@ge taxes
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Figure 8 shows what happens to the NPV if methaeewo carry the same taxes as gasoline
does. Even though special excise tax was addedetinvestment, it would still be profitable.
This is also the case if the other excise tax wiked on top of the price which includes the
special excise tax. This means that although metwaould carry the same taxes as gasoline it
would still be feasible at current methane price} 1SK/Nnt. Carbon tax is not analyzed, since
biomethane is not a fossil fuel and is carbon rawthen combusted. Highest return was found
to be always in the case of emission class J, itemahether the extra taxes were added or not.

Figure 9 - Different cost of converting (NPV and IR)
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Figure 9 shows graphically different net presemti@af investments and internal rate of return,
using different scenarios of cost of conversiore Tdwest case analyzed is 405 thousand ISK to
585 thousand ISK. Different costs could be incurasdvehicle owners might want more gas
containers or some adjustments might be needed thierehicle is being converted.
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Figure 10 - NPV and IRR based on longer duration imivestment period
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As the number of years increase, from three to ye@r's, the return on investment increases and
has a higher net present value. Using the equipfoet longer period of time will increase the
return on investment.
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7.5 Sensitivity analysis

In this section, change in several parameterstarnichpacts on the investment are analyzed.

Figure 11 - Yearly price increase / decrease gaseland effect on IRR
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Figure 12 - Yearly price increase / decrease metband effect on IRR
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As there is no sure way to predict oil prices, gesty analysis is used to find out what happens
if the price of gasoline changes as well as theepof methane.

Figure 11 and Figure 12 show what happens to tieenal rate of return on all vehicle classes,
as the price change increases or decreases ahgeetaentage yearly during the lifetime of the
investment, from -25% to 25%, assuming the sameepéage change for all the years and only
one of the fuel prices changes during the lifetmhé¢he investment. The price difference can in
reality be higher or lower than this range.

It can be seen in Figure 11 that as the price sblgze increases more and more, the investment
is more and more profitable. However, if the pradeggasoline steadily decreases the investment
is less and less attractive. In the case of metHegare 12, this is the other way around. If the

price of methane increases, the investment isfesssible and more feasible if the price goes

down over the duration of the investment. If tharje price change is 0% the internal rate of

return is the same for both gasoline and methanthisiis the standard case.

Maximum return on investment is obtained when theepof gasoline rises at maximum rate (in

the case of this graph, of 25%) and lowest retunemthe price decreases yearly at maximum
decrease. In the case of methane, maximum retuobtained when the price of methane

decreases at maximum yearly, but decreases agetges at maximum rate.

Figure 13 - Change in discount rate and effect orPN

ISK Emission class
1.200.000

1.000.000

800.000

600.000

|
MmMe T Q@

400.000

200.000

0 T T T T T T T T T T T 1
Qo/g Q°/° Q°/° 00/0 Qﬂ!/o Qo/o Qo/o
AT Q0T VT VT 40T QT o0
Discount rate

Source: Author’s calculations (2011)

As the discount rate gets higher, there is a lessgm on investment. On the contrary, if the
discount rate lowers, the investment will be mor&fifable. Although the rate will go from 6%
to 9% the investment will still be feasible.
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Figure 14 - NPV based on different number of kilonegs driven per year
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Figure 15 - IRR based on different number of kilortexs driven per year
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Figure 14 and Figure 15 graph up the net presdoevaf the investment and the return on
investment, respectively. As more distance is drigach year, the savings will be higher. The
savings increase at a higher rate as the fuel biasdigher fuel consumption ratio. Where each
line crosses the x-axis the investment turns @bliE. As can be seen, all the emission classes
turn profitable when more than 20.000 kilometess @niven per year. The first vehicle class to
cross the x-axis and turn into profitable investmienthe J emission class and the last one is
class E.

As this is a net present value and internal rateetafrn of investment, maintenance cost of the
vehicle and other operating cost, which might iaseeas more kilometers are driven, are not
accounted for, since that cost would be the samenatter which fuel is used in the vehicle.
Only cost incurred as the result of a different fseaccounted for.

Figure 16 - Effect of different amount of loan on RV
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If the conversion is financed initially by a loaghge net return will change. However, although it
would be fully financed by a loan, it would not leamuch impact on the feasibility. This is
because the cost of converting, using a loan,weiddhan the overall fuel cost savings. Putting
low initial cash up front for the conversion, firmg what is left with a loan and having high
fuel cost savings will return very high internale®f return. However, interest rate could change
during the investment period or some other impdnpamameters.

The lines for emission class E, F and G are shdointan for H, | and J as one can not have a
higher loan than the amount it costs to converwttecle.
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8 DISCUSSION AND RECOMMENDATIONS

In order to prepare conducting this study, sevieral drivers were interviewed with a question
list of their experience operating a methane vehiabth converted vehicles and imported bi-fuel
vehicles. Along with people who have experiencthia field.

The following main advantages and disadvantagepeifating a converted vehicle, were found:

Advantages Disadvantages
* Less expensive fuel e Currently only two methane filling
* Cleaner burning fuel stations are available
e The trunk has less free spdce
available. However, those
interviewed said they had not
incurred any problems due to this

When asked why more vehicles have not been comyestame of the drivers stated that the
reason is that taxi drivers are afraid that methasa fuel will be taxed more in the future, as
more vehicles will be converted or bi-fuel vehiciegported.

Uncertainty is not good, so if the government cagike a statement that landfill methane will
not be taxed as gasoline it would without a donbtaase interest in having taxis converted. This
would also apply to other parts of the chain,the. price charged for methane, in the case of N1
and the landfill owner. If taxi drivers were cone@ud that the methane fuel price would not
increase considerably within a given period, theyuld be more confident in having their
vehicles converted. They could also be providedh\ait agreement that they will have a fixed
price of methane for a certain period of time. Thiso applies to the case regarding the
automobile taxes; for how long will the vehiclesthred based on G@mission?

Furthermore, in order to increase the interest amtaxi drivers, government organizations
could point their business to taxis operating omestic fuel, such as methane. As the excise
taxes have recently been lowered for imported |d €mission vehicles, the next logical step
could be to lower the excise tax on the convergignipment, which would lower the price of
conversion further. The conversion companies cautichduce the findings of this research to
taxi drivers and offer them a guarantee. If theveosion will not save them a particular amount
of fuel cost over a given period, the conversiofi e partially refunded. This would without a
doubt increase interest in having vehicles conderte

In the end, a technology will not be successfuksslit is better and less expensive than the
current one. Every journey starts with taking atfstep, and that also applies to fuels. If one
niche of the market would be successful in impletngna domestic gas as an alternative fuel,
more people would follow in their footsteps.
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9 CONCLUSIONS

According to this research, it is feasible for theerage gasoline taxi to have the vehicle
converted and operated on methane. This is appdidaball vehicle emission classes even if
they need to finance the change with loans. Thermedn investment was found to be in the
range of 57% to 100%. Owners of gasoline taxi Mekishould therefore, on the basis of these
findings, have their vehicles converted if theywdrmore than the minimum kilometers needed
for the investment to break even. Out of the 228ales in the gasoline fleet, 190 were found to
fulfill this requirement.

The fuel cost difference over a year period woutdcbnsiderable, as well the cost of fuel per
kilometer driven. From one of the scenarios, mslings were that the investment would still be
positive in most cases, even though methane wany excise taxes as gasoline does. As the
investment would be useful for longer period ofdinthe NPV and IRR would be higher. If the
price of methane were to increase by 25% per ywathfee years, the investment would still be
profitable. However, one of the limitations of caeslculations and financial feasibility studies is
that they can become invalid in a relatively sipatiod of time when important input parameters
change. A web based calculation model could beldped based on these findings and in depth
analysis, which would calculate the results forheiadividual case.

It takes from 11 months to 15 months for the ihitivestment to pay for itself in savings. All
the emission classes were found to have posititgrreon investment if more than 20.000
kilometers were driven yearly. The emission of ,Gfas found to be reduced considerably as
well as pollution of HC and CO. However, emissidrN®, was found to increase. As for the
national savings, in terms of less import of gasylit was found to be 538 thousand USD over a
period of one year.

As this feasibility study shows, using methaneraslgernative fuel on converted taxi vehicles is
feasible. This is also a proven technology, usiogestic and an environmentally friendly fuel.
How many taxi vehicles will be converted due tosthdindings? How many will not be
converted and why? Further researches among taserdrcould be conducted to investigate
what prevents taxi drivers from having their veglconverted, as it is, as previously stated,
financially feasible for them. This would add tethasis of these research findings.
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11 APPENDIX A - GLOSSARY OF TERMS

Air-fud ratio: The mass ratio of air to fuel present during costion.

Bi-fuel vehicle: Vehicles capable of running on two fuels which atered in separate
tanks. The engine runs on one fuel at a time.

Carbon monoxide (CO): A colorless, odorless and poisonous gas thatodymed due to
incomplete combustion. It reduces the blood'stglio carry oxygen.

Compressed natural gas vehicle (CNG vehicle): A vehicle that uses compressed natural
gas as a fuel. As methane is the principal compoofematural gas, “CNG vehicle” is used
as well as “methane car” in the text.

Dead weight: The unrelieved weight of a heavy, motionless mass.

Discount rate: The rate of interest used in determining the gmesalue of future cash
flows.

Exhaust gasrecirculation (EGR): A nitrogen oxide (NG emissions reduction technique
used in internal combustion engines.

Fossil fuel: Hydrocarbons, primarily fuel oil, natural gas eat Formed from the remains
of dead plants and animals.

Hydrocarbon (HC): A product of incomplete combustion of a hydrocarlfieel such as
gasoline, and natural gas. HC emissions contritautee formation of ground level ozone,
which can cause damage to human health and vegetati

MARR: Minimum attractive rate of return is the lowesture on an investment or a
project that will make the investor accept thatjgrb

Methane car: A car that runs on methane gas.
Metric ton: A unit of mass equal to 1,000 kilograms.

Nitrogen oxide (NOy): NO and NQ are collectively known as NOIt is generated when
nitrogen in the air reacts with oxygen at high tenapure and pressure inside the engine. It
has the potential to cause human respiratory pmubkt high concentrations. N@re also
one of the precursors for photochemical ozone ftona

Original equipment manufacturer (OEM): Refers to the company that originally
manufactured a product.

Primary energy: The energy embodied in natural resources, priourtdergoing any
human made conversions or transformations.

Spark ignition engine: Internal combustion engines, specifically petrogiees. The
initiation of the combustion process is ignitedhaita combustion chamber, by a spark
from a spark plug.

The road traffic directorate. Government agency that administers vehicle regietr
and driver licensing in Iceland

Type approval: A confirmation that production will meet specifiegerformance
standards.
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12 APPENDIX B — EXAMPLES

Example: Driving distance over a period of one year

If a vehicle has from last two inspections regestieB0.000 km. and 50.000 km. and the
number of days between the inspections was 25Q@pthkdriving distance over a period of
one year would be 29.200 km.

Example: Price of methane per liter of gasoline equivalent found
Price of methane: 114 ISK/Nin

The biogas sold is 97,5% methane.

1 Nt of 100% methane in gasoline equivalent: 1,12diter
Price of methane in per liter of gasoline equival&é04,37 ISK/L

Example: Present value (PV)

You will receive 10.000 ISK in five years. How muhthis amount worth today, given
the discount rate is 10%?

An =10.000;
I = 10%;
N=5
PV (10%) 10.000

~ (1+10%)5
PV(10%) = 6.209 ISK

The value of 10.000 ISK received in five years, Wohe worth 6.209 ISK, using the
discount rate 10%.



Example: Net present value (NPV)

An investor evaluates an investment with an inibiatflow of 100.000 ISK and estimates
that he will receive equal 35.000 ISK for three rgeaAfter comparing investments with
similar risks and their discount rates, he setsdkefor this one to be 10%.

The values are:
Ao =-100.000 ISK;
A1, Az, Az = 35.000 ISK;
I = 10%;
N=3

—100.000 35.000 35.000 35.000

NPV (10%) = + + +
0% = T30 T a7 00 Tt 002 T A+ 0.0?

NPV(10%) = -100.000 + 31.818 + 28.926 + 26.296
=-12.960 ISK

This investment has a net present value of -12I1960 As it has negative net present
value, the investor should not invest in it.

Example: Internal rate of return (IRR)

If we take the same example as above and the orests his MARR to 10% the values
will be the following:

Ao =-100.000 ISK;
A]_’ Azy Az = 35.000 ISK;

— ik
1 =17

N=3
Year O Year 1 Year 2 Year 3

—100.000  35.000 35.000 35.000

+ + + =
A1+ @A+ A+ A+i*)3
To find the internal rate of return, we have tafthe discount rate that sets the net present
value of the investment to zero.

The value of IRR is found to be 2,5%. The invests his MARR to 10%. As the rate of
IRR is lower than MARR, the investment should bected.

NPV (i*) =




Example: Payback period
Using the same example as before.
If the cash stream is not discounted it will be:

Year O Year 1 Year 2 Year 3
Payback =-100.000 35.000 35.000 35.000

Total cash inflow equals 3 x 35.000 = 105.000 ISK

This means that the investment recovers its irgtah outflow.

100.000

Number of years =——
35.000

= 2,85 years

This investment would take 2 years and approxinet®l months to break even and after
that period turn to profit.

If we on the other hand incorporate the time vatienoney, the calculations will look as
follows:

Year O Year 1 Year 2 Year 3
Payback =-100.000 31.818 28.926 26.296

Total cash inflow equals = 31.818 + 28.926 + 26.2%7.040 ISK

As the total discounted inflow, 87.040 ISK, is low&an the invested 100.000 ISK, it
means the investment will not be able to recoveiritial cash outflow in a given period.



