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2 Executive summary 

Today, transport in Cyprus relies almost completely on mineral oil and is therefore respon-
sible for a high share of the national greenhouse gas emissions. Alternative fuels are con-
sidered as a major option to reduce both the dependency on oil and national greenhouse 
gas emissions. Moreover the EU introduced several regulations setting targets requiring 
the use of alternative fuels, i.e. the renewable energy directive (RED), the fuel quality di-
rective (FQD) and the directive on alternative fuels infrastructure (DAFI). In order to re-
duce air pollution the IMO MARPOL directive sets targets for low sulfur fuels in shipping.  

The present study assesses the technical feasibility and economic sustainability of different 
alternative fuels for the Cypriot road and maritime transport sectors. This will allow Cyprus 
diversifying its energy mix to achieve the optimum penetration of alternative fuels in the 
transport sector in the context of the 2020-2050 climate and energy framework. 

The objectives of this study are: 

 Analysing the current state of supply and use of alternative fuels in the Cypriot road and 
maritime sectors, the related infrastructure as well as policy and support schemes. 

 Analyzing the barriers and the future potentials for the market entry of different alter-
native fuels for both the road and the maritime sectors. 

 Providing inputs to build a roadmap for a technically feasible as well as economically 
and environmentally sustainable transport system for Cyprus. 

On the basis of this analysis a set of possible future scenarios has been identified. These 
scenarios give an insight of the impact of different measures to reach the mentioned envi-
ronmental targets. Assumptions have been discussed with the Cypriot Authorities. 

Current Situation – Alternative fuels in Cyprus  

The current penetration of alternative fuels in Cyprus is quite low as shown in Table 1: the 
amount of biodiesel blend is low as well as the number of electric vehicles on the road. 
Correspondingly there is a limited amount of charging points present on the island but LPG 
vehicles are already in use, although LPG refuelling stations are not yet available. The mari-
time sector is entirely relying on heavy fuel oil and medium distillates. 
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Table 1: Current status of alternative fuel technologies in Cyprus road sector (2017) 

Fuel General availability Transport infrastructure Vehicle population 

Biofuels 
(blending 
~3.5%) 

Imports & domestic produc-
tion of biodiesel from used 
cooking oil  

No ethanol available 

~300 fuel stations  Diesel vehicles (~40% of 
the car fleet)  

No pure biodiesel vehi-
cles  

Electricity Fuel: imported diesel/heavy 
fuel oil 

Share of RES: 9% 

18 (double) public charg-
ing points in major cities 

72 battery electric cars 

LPG Imported for stationary com-
bustion (e.g. households) 

25 station under license  ~250 cars that use petrol 
and LPG 

CNG and 
LNG 

Not available 

Import and exploration 
planned after 2020 

Not available No vehicles 

H2 Not available Not available No vehicles 

Source: Eurostat, http://www.eafo.eu, this report. 

 

Scenarios for road transport – Contribution of alternative fuels to Cyprus’ energy targets 

For the road sector, three scenarios up to 2050 are analysed in order to assess the feasibil-
ity of reaching Cyprus environmental goals thanks to two main levers: 

 Increasing the share of biofuels in petrol and diesel vehicles. 

 Introducing new technologies (e.g. e-mobility, CNG…) which replace petrol and diesel 
vehicles 

Other levers such as a shift in modal split or a decrease of the total mileage are not con-
sidered. Therefore both parameters are identical in all scenarios and their contributions to 
Cyprus targets are not analysed. The scenarios are as follows: 

 A Reference Scenario is based on the current situation. Biodiesel blends remain the 
main form of RES in transport at a relatively low level; electric and LPG vehicles stay at 
the level of niche technologies and no new technologies are introduced. 

 Scenario B relies on a realistic penetration of alternative fuels. It considers in the short 
term higher biodiesel blends i.e. B7 and 1% HVO by 2020, together with LPG and hybrid 
vehicles. In the long term electric vehicles are rolled out from 2030 on (e.g. 5% of the 
new registration are e-cars), but the main focus is on the use of domestic natural gas in 
transport (e.g. 10% of the new registration are CNG cars) with the aim of minimising the 
costs for the society. 

 Scenario C represents an ambitious, but realistic penetration of alternative fuels. In the 
short term it relies heavily on biofuels with the introduction of B7, a share of 12% of ET-
BE and 3% HVO –as shown in Table 2. Moreover around half of the bus fleet is running 
on B100 by 2020. In the medium term the aim is a fast introduction of hybrids and e-
mobility (e.g. 20% of the new registration are e-cars in 2030) in order to tap the poten-
tial of renewable electricity ─ the most energy efficient technology in the long term ─ 

http://www.eafo.eu/
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supported by a moderate penetration of CNG vehicle (3% of the new registrations in 
2030). 

 

Table 2: Share %v/v of the biofuels used for the different scenarios 

 Ref Scenario Scenario B Scenario C 

 biodiesel biodiesel HVO biodiesel ETBE HVO 

2020 4% 6% 1% 7% 12% 3% 

2030 4% 3% 4% 3% 0% 5% 

 

Each scenario is used to quantify the effects of alternative fuels in terms of final energy 
demand, contribution to RED and FQD targets, national GHG reduction and costs for the 
society. 

Final energy demand remains constant in the next 35 years for the Reference scenario 
since the expected efficiency improvements will be compensated by a growth in transport 
demand. Until 2030 scenario B and C consider additional measures in form of a tax incen-
tive based on the CO2 emissions of new petrol and diesel cars as well as on road vehicle 
inspections to improve the state of maintenance for existing vehicles. The effect is a reduc-
tion of ~2.2% in final energy demand compared to the Reference scenario in 2020, respec-
tively. After 2020 alternative fuel vehicles which are supposed to enter Cyprus market are 
further increasing the energy efficiency. Therefore Scenario B, focusing on natural gas, 
reaches an energy reduction of 4.7% in 2030 and 9.6% in 2050. Scenario C relies on e-
mobility, more energy efficient, and achieves a reduction of 5.3% in 2030 and 16.1% in 
2050 as shown in Figure 1. 

 

Figure 1: Final energy demand for the three scenarios up to 2050 
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Concerning the RED and FQD, Scenario C is the only scenario reaching both goals i.e. 10% 
RES in the transport sector and a reduction of 6% of fuel specific emissions (based on a life 
cycle analysis1). Scenario B reaches only 4% of the RED goals and 2% of the FQD objectives. 
Similarly the effort sharing decision (-5% of the TTW GHG emissions of 2020 compared to 
2005) is reached by 2020 as shown in Figure 2. 

In the long-term the reduction of GHG emissions (2030+) is a big challenge for Cyprus 
transport sector as no scenario reaches the “artificial” target based on the draft of the 
effort sharing set for 2030 i.e. a reduction by 24% of the GHG emissions (based on TTW 
emissions2). Additional measures would be therefore needed to fulfil the targets, such as 
the use of synthetic fuels (PtX) from renewable electricity. Calculating the impact of Pow-
er-to-petrol added to Scenario C, it is noticeable that the production capacity for renewa-
ble power must be substantially increased to supply transport due to the energy losses of 
the energy conversion process. 

 

Figure 2: Achievement of the RES goals based on scenario C and additional measures considered within this project 

 

Costs for the society – Needed Investments and economic sustainability 

Concerning costs, the most cost efficient technologies in order to achieve the RED target 
by 2020 are biofuels ranked by efficiency cost per percent of renewable energy sources 
according to RED (€/ % RES RED): B100 for buses, B7/HVO and ETBE. Biofuels are also the 
only technologies with a relevant potential in substituting fossil fuels until 2020 because 
they do not require changing the vehicle fleet. This is depicted in Table 3. CNG and LPG 
have a limited contribution to RED since there share is not considered renewable but only 
as substitute to petrol or diesel. Moreover, technically speaking it might be unlikely to 
reach a relevant number of such vehicles until 2020 as there are no CNG and very few LPG 
cars yet. Taking into account the small contribution of ETBE to RES and its high costs per % 
of RES, increasing further the number of buses running on B100 might be an alternative for 
Cyprus to reach its targets in 2020. Nevertheless the advantages and risks linked with each 
option: ETBE and B100 might be discussed more in detail with the involved stakeholders, 
e.g. mineral oil companies and public bus operators. For example carrying out a feasibility 

–––––––––––––––– 
1
 This includes both “well to tank” emissions i.e. from fuel production/delivery and “tank to wheel” emis-

sions of the vehicle operation itself. 
2
 According to the national GHG inventory, only emissions from fuel combustion of vehicles are counted 

in transport. As a consequence, emissions from electrify used in vehicles are counted in the energy sector. 
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study for both options could enable comparing the technical as well as economic ad-
vantages and disadvantages.  

Table 3: Net discounted cash flow of the different technologies per MJ of alternative energy by 2020 

Fuel €/MJ (2017-2020) €/ % RES RED Total % RES RED in 
Sc. C 

Multiplier for 
RED* 

B100 0,0269 0,018 4,9% 1,5 

B7/HVO 0,0439 0,022 6,6% 2.0 

ETBE 0,0246 0,052 1.9% 0,473 

Electricity 0,5449 0,838 0,1% 0,65 

Note: The €/%RES RED gives the price per % of RES gained (calculated according to the RED methodolo-
gy). * The multiplier is based on the assumed primary energy mix (1 for food-based biofuels, 2 for non-
food based biofuels and 5 for renewable electricity). ETBE contains 42% bio-ethanol (90% food, 10% non-
food), electricity represents the country mix with a share of 14.6% renewable sources (Source: MECIT). 

 

In the long term i.e. until 2050 e-mobility is one of the economically1 most efficient tech-
nologies, just after CNG, followed by ETBE, B100 and B7. This is due to the high OPEX sav-
ings achieved thanks to electro mobility (through energy efficiency) and CNG compared to 
diesel and gasoline. On the other hand, the prices for all biofuels are assumed to remain 
higher than their fossil substitutes, offering no OPEX saving as shown in Table 4. 

Table 4: Net discounted cash flow of the different technologies per MJ of alternative energy by 2050 

Fuel €/MJ (2017-2050) 

CNG -0,0030 

Electricity 0,0074 

ETBE 0,0243 

B100 0,0268 

B7 0,0406 

 

The key assumptions influencing infrastructure and vehicle costs for e-mobility and CNG 
are shown in Table 5. 

–––––––––––––––– 
1
 An environmental cost efficiency e.g. based on GHG emission savings was not calculated for this period 

since it would require a life cycle GHG emission analysis which is consistent to the provided scenarios 
(considering future fuel and electricity production). This could be done in a follow up study. 
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Table 5: Key figures on the infrastructure and the vehicles for CNG and E-mobility in scenario C 

2017-2050 Scenario B Scenario C 

E-
m

o
b

ili
ty

 

No. of charging points 
AC 5,272 6,085 

DC 69 146 

Wall-box households equipped  113,481 152,608 

Total fleet in 2050 (PHEVs & BEVs) 106,220 218,012 

C
N

G
 

No. of refuelling stations 111 65 

No. of CNG trailer 35 21 

Capacity per station per day 2,000 kg 2,000 kg 

Total cars 108,585 62,778 

 

The total incremental costs of CNG, e-mobility, biofuel blends and B100 buses are depict-
ed in Table 6 and Table 7. Overall Scenario C is more expensive than Scenario B as: 

 Scenario B must be as far as possible cost efficient by relying heavily on CNG 

 Scenario C is defined as ambitious and introduces earlier alternative technologies, espe-
cially e-mobility. It also reaches the 2020 RED and FQD targets by relying on higher 
amount of biofuels as well as on B100 buses. 

To reach the 2020 targets and introduce alternative fuels with the provided measures in 
Scenario C, 102 million (net cash flow discounted) are needed, while biofuels account for ~ 
90% of the costs and offer no OPEX savings. Biofuels continue to have the highest share 
until 2030 even with the slow decrease in biofuel blends. The investment in CNG starts to 
get beneficial (annual savings outweigh costs) after 2030 and  for e-mobility after 2040 as 
the CAPEX for e-mobility are considerable with 4 million € until 2020 and ~135 million euro 
from 2020-2030 in Scenario C. 

Table 6: Economic output Scenario B 

M€   2017-2020 2021-2030 2031-2040 2041-2050 

CAPEX 

  

  

  

Total            12,1                71,4             216,6             463,0     

biofuel                -                      -                      -                      -       

E-car              4,0                47,4             130,0             309,3     

CNG              8,1                23,9                86,6             153,7     

OPEX 

  

  

  

Total            18,0             149,2            -206,8          -697,8 

biofuel            18,1             178,0                    -                      -       

E-car          -0,05               -9,2           -64,7          -259,7 

CNG          -0,02            -19,6          -142,1          -438,0   

Discounted net cash flow            27,3             155,5             5,8             -75,0    
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Table 7: Economic output for Scenario C 

M€   2017-2020 2021-2030 2031-2040 2041-2050 

CAPEX 

  

  

  

  

Total          12,5         158,8           371,4           574,4  

biofuel                -                   -                   -                   -    

B100              0,3                -                  -                    -    

E-car              4,1         134,8          306,3          506,9  

CNG              8,1            23,9             65,0             67,4  

OPEX 

  

  

  

  

Total         100,4           521,4         -284,3        -869,1  

biofuel            57,6           284,8                  -                   -    

B100            43,0          275,2                 -                   -    

E-car            -0,2           -19,3          -161,3         -578,8  

CNG          -0,02           -19,4          -123,0         -290,3  

Discounted net cash flow         102,3           499,7           45,3         -94,1  

 

The decision to focus on a specific technology for using alternative fuels depends on the 
long term strategy and the priorities. Regarding the environmental sustainability, e-
mobility offers the highest efficiency in using renewable sources from solar or wind power. 
As presented in the analysis of this report, even the ambitious scenario C shows significant 
gaps towards decarbonisation in Cyprus transport by 2050. Therefore, the push of e-
mobility together with the development of renewable power generation should have pri-
ority. Adequate business models and support schemes will be needed in the short term 
until e-mobility is economically beneficiary. CNG will also rely on investments until 2030 
but is a less expensive technology which is likely to become sooner beneficial if a large 
vehicle fleet is established. Due to the lower environmental benefits compared to e-
mobility, CNG might be the better choice from an economic point of view only. However, 
in certain niches e.g. heavy duty vehicles it could offer a better technical feasibility. Also, in 
limited quantities biomethane could be used to reduce GHG emissions. However, this po-
tential was not analysed in this study and might be the scope of further research. 

Maritime transports – trends and possibilities for using alternative fuels  

For the maritime sector the development of the supply and bunkering infrastructure for 
LNG by 2025 in Cyprus is required in the DAFI. The EU project Poseidon MED evaluated a 
bunkering strategy for the port of Limassol for 2020-2045 taking into account the project-
ed LNG demand. LNG will be imported from Greece to a storage tank in Limassol and de-
livered to arriving ships via truck-to-ship or ship-to-ship bunkering. 

Beside LNG, biofuels are expected to be available for shipping in the midterm i.e. by 2020 
and afterwards. The main advantage of this so called drop-in-fuels is that they require 
none or little adaptation of the ship and infrastructure technologies. 
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Regarding the listed EU policies, the maritime sector has to focus on the DAFI and MARPOL 
directive. Because the majority of shipping is international transport, the contribution to 
other targets is very low. The maritime sector might enable synergies with the road sector. 
For example the availability of LNG in Limassol could be used by supplying LNG or CNG 
trucks which use the port as logistic hub to deliver goods to the rest of the island. 

Supporting policies to promote alternative fuels in Cyrpus 

Finally, the development of a transport strategy and selection of supporting policies were 
analysed and discussed with different stakeholders in a Workshop on the 6th of April 2017. 

Most relevant policies to reach the 2020 targets include: 

 Modify energy taxes in Cyprus in order to enable competiveness of biodiesel and dis-
tribute costs to all transport users. This policy might be accompanied with a mandatory 
biofuel quote for mineral oil companies. 

 Consider the possibilities of statistical transfer from countries which exceed their RED 
target 

For increasing energy efficiency also in the post-2020 timeframe, the following policies 
should be considered: 

 Modify vehicle taxes, e.g. by establishing a cost neutral feebate scheme promoting en-
ergy efficient vehicles and disadvantaging “polluting” vehicles 

 Regulating the operation of e-charging infrastructure to enable a competitive market 
together with funding/subsidizing the initial investments necessary 

 Improve the access to relevant information to end users of e-mobility by creating a one 
stop shop information platform 
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3 Introduction 

3.1 Background and objective 

Cyprus is heavily dependent on fossil fuels, representing 92% of the total energy consump-
tion. A large part of these fuels are petroleum products, which have to be fully imported. 
This very high import dependency on expensive energy sources constitutes an important 
burden for the Cypriot economy and its political independency. Moreover the combustion 
of fossil fuels is also a threat for the environment: the current climate change is caused by 
the emission of greenhouse gases (GHG), and air pollutant emissions raise a health issue. 

The transport sector accounts for around one third of the domestic energy demand of 
Cyprus and is also totally dependent on fossil fuels. Nevertheless current sustainable ener-
gy policies, e.g. the objective of 10% renewable energy sources (RES) in transport energy 
consumption in all EU countries by 2020, are designed to change the current trajectory. 
They also represent a first step towards a long-term decarbonisation of the transport sec-
tor. Both an increase in energy efficiency and a shift in the current energy mix towards RES 
are key elements for a sustainable transport. However, as for mother EU member states, 
the penetration of most of the new technologies, e.g. electric or gas powered vehicles, are 
only starting to enter the market in Cyprus. Therefore, a solid strategy for the promotion 
of the different RES technologies is required. 

The objectives of this study, focusing on the transport sector, are: 

 Identifying the gaps between the current situation in Cyprus and the national and Euro-
pean targets set concerning the share of RES in transport, the corresponding GHG emis-
sions, as well as considering the expected potential of energy savings. 

 Analysing the current barriers and the future potentials for the market entry of different 
alternative fuels for both the road and the maritime sectors; 

 Providing inputs to build a roadmap for a technically feasible as well as economically 
and environmentally sustainable transport system for Cyprus; 

 Supporting local authorities and stakeholders in the process of policy development. 

3.2 Structure of the report 

The report is implemented within the GIZ project “Technical assistance for energy efficien-
cy and sustainable transport in Cyprus” as work package 5. It includes four activities as 
given in Figure 3 which are delivered in separate reports (D 5.1, D 5.2, D 5.3, D 5.4). The 
following section further describes the content of each activity. 
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Figure 3: Overview of activities forming the complete report 

Activity 1 aims at assessing the current level of the use of alternative fuels in the Cypriot 
road and maritime sectors, the related infrastructure, as well as analysing the current poli-
cy and support schemes. We hereby consider the following alternative fuels: 

 Electricity 

 Biofuels 

 Natural gas (compressed natural gas = CNG and liquefied natural gas = LNG) 

 Liquefied petroleum gas (LPG) 

 Hydrogen 

Activity 2 examines in detail the future use of alternative fuels for road transport by calcu-
lating three different scenarios, the corresponding final energy demand and GHG emis-
sions until 2050.  

The choice of measures in the scenarios bases on difficulties, challenges and opportunities 
of each solution (e.g. the use of bio-ethanol in relation to the Cypriot climatic conditions). 
Therefore we analyse: 

 The potential of each alternative fuel for specific applications (vehicle and transport 
types) with respect to technical feasibility, environmental benefits and costs; 

 The supply and logistic aspects, including the required storage and refuelling facilities, 
as well as an evaluation of the use of domestic resources if relevant (i.e. biodiesel from 
used cooking oil (UCO)); 

 The potential support schemes, e.g. regulations, grants, etc. 

The results of these scenarios in terms of energy use, share of renewable energy in 
transport and GHG emissions are calculated with TREMOD (Transport Emission Model), a 
model developed by ifeu to calculate transport emission scenarios.  

Activity 3 takes the same approach as for road but it deals with the future potentials of 
using alternative fuels in the maritime sector. One of the main solutions studied is the use 
of LNG. 

Activity 4 builds on the previous analysis in order to elaborate a roadmap including poli-
cies and support schemes to promote the penetration of alternative fuels in transport. The 
aim is to use an integrated approach considering all evaluated aspects to deliver a plausi-
ble path. The final goal is to achieve the EU mandatory targets (i.e. 10% renewable energy 

Activity 2
Penetration of alternative fuels in road 

transport

Activity 3 
Penetration of alternative fuels in 

maritime transport

Activity 1

Current situation 
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Activity 4

Future scenarios, 
policies and support 
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in transport and 6% reduction of CO2 emissions of fuels by 2020) through a technical and 
economical sustainable strategy in the mid- to long-term. 

The present report considers only road and maritime transport -aviation is excluded- with-
in the Republic of Cyprus. 
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4 Cyprus road and maritime transport: cur-
rent situation and brief outlook (D 5.1) 

This chapter describes the results of activity 1 “current situation evaluation” i.e. the cur-
rent state of alternative fuels in Cyprus. The contents are: 

 General figures for the geographic, economic and environmental situation (4.1) 

 Existing transport policies which imply the use of alternative fuels (4.3) 

 Analysis of vehicle fleets and refuelling infrastructure for road and maritime transport 
(4.4 and 4.5) 

4.1 Cyprus in figures 

Cyprus is the third largest and third most populous island in the Mediterranean, being a 
major touristic area in Europe. The analyses and data within this report represent only the 
area under the effective control of the government of the Republic of Cyprus - if not men-
tioned otherwise. 

Around 850,000 inhabitants live on the island but the majority concentrate in central Nico-
sia and in the major cities of the south: Paphos, Limassol, and Larnaca with 70% of the 
Cypriots living in urban areas. The population has been increasing by 16% since 2005 as 
shown in Figure 4 a slight decrease can be noticed from 2013 on. The main reasons seem 
to be: the decreasing birth rate, the ageing of the population and migrations [Evdokia, 
2014].  
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Source: Cystat and Eurostat 
Figure 4: GDP and population in Cyprus since 2005 

The Republic of Cyprus has a market economy dominated by the service sector, which 
accounts for around 80% of the GDP [MECIT; Odyssee Mure, 2015]. Tourism, financial 
services, shipping, and real estate have traditionally been the most important sectors, 
while the weight of the automotive industry is very limited. The financial crises of 2008 
had a big impact on the local economy and plunged the country into recession. An eco-
nomic adjustment programme was implemented, leading to a string contraction of the 
economy in 2013-2014 clearly visible. But in 2015 the economy grew an estimated 1.7%, 
setting a positive tone. But the country is expected to reach the level of its pre-crisis GDP 
only in 2021 [MECIT; Odyssee Mure, 2015]. 

Being an island, Cyprus has a long sailing and trading history, situated at the crossroad of 
three continents: Europe, Asia and Africa. It has more than 600 km of coastal lines and 9 
ports, including Limassol the only container terminal. The territory of 9,251 km2 is inter-
connected by 12,862 km of roads of which 257 km are highways. There is no railway infra-
structure in Cyprus [Cystat, 2014a]. 

4.2 Energy dependency and the transport sector in Cy-
prus 

Cyprus is quite dependent on its imports. The transport sector is no exception as the large 
majority of fuels are conventional ones i.e. petrol and diesel, which are imported. This high 
level of dependency and the strengthening of EU regulations are the main drivers towards 
gas exploration and the take-up of renewable energies. In a recent study [European 
Commission, 2016a] the EU considers that Cyprus will stay until 2020 one of the countries 
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with the highest energy dependency (see Figure 5) but this should change in 2030. As un-
derlined in [IRENA, 2015] the country could exploit the reserves of natural gas located in 
its economic exclusive zone. It has already completed research drillings that indicated that 
there are significant reserves, which could be extracted from 2020 on. 

 

Source: Primes [European Commission, 2016a] 
Figure 5: Energy import dependency by member state in 2020 and 2030 

 

Figure 6 illustrates that transport (without aviation) consumes 33.2% of the total 78,442 TJ 
used in Cyprus in 2015. Road transport is responsible for most of the energy consumption 
while national aviation and maritime sectors added do not reach 1% of the domestic 
transport1. Public transportation is not well developed and there is no railway infrastruc-
ture in Cyprus. Moreover it is the sector, which contributed the least to energy efficiency 
improvements in the last decades, indeed the transport sector features a mere 2% im-
provement between 2000 and 2013 [MECIT; Odyssee Mure, 2015]. This number hides a 
real improvement in aviation and a deterioration of truck efficiency. 

–––––––––––––––– 
1
 International transport aviation and maritime transport have a higher contribution, but these are not 

included in the national energy GHG inventory 
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Source: MECIT 
Figure 6: Share of fuel energy consumption per sector in 2015 in % 

When translated into GHG emissions, transport contributes to 22% to the total emissions 
of the country in 2014 (without LULUCF and aviation) and represents 30.5% of the emis-
sions of the energy sector. Looking at the time line of the total GHG reported in Cyprus’ 
National Inventory Report (NIR) [MOA, 2016], the emissions have been increasing by 53% 
between 1990 and 2010. A clear reduction occurred from 2010 on, continuing until 2013 (-
18% compared with 2010), before rising again in 2014 (app. +6% compared to 2013) as 
seen in Figure 7. 

 

Source: [MOA, 2016] 
Figure 7: GHG emissions in the National Inventory Report of Cyprus 
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According to the report “Energy Efficiency Trends and Policies in Cyprus” [MECIT; Odyssee 
Mure, 2015] final energy intensity has decreased by 25% between 1995 an 2013, showing 
that Cyprus is already on the path of energy efficiency and achieved structural changes. 
However, transport energy consumption is still largely correlated with the GDP. 

4.3 Current transport policies 

Several European and international policies are targeting at the increase in energy effi-
ciency and the use of alternative fuels, or RES, in transport. Table 8 gives an overview of 
current policies applying for Cyprus. The detailed descriptions of the directives can be 
found in the next paragraphs.  

Table 8: Current policies concerning RES and alternative fuels applying for Cyprus transport 

Policies Objectives for Cyprus 

Directive on the Deployment of 
Alternative Fuels Infrastructure 
(DAFI) (2014/94/EU)  

Appropriate number of refuelling stations for CNG, 
LNG or hydrogen and electricity recharging stations 
by 2020-2030 depending on the transport mode 
and fuel type. 

Renewable Energy Directive (RED) 
(2009/28/EC) 

10% of RES in transport by 2020 

RED II (period 2021-2030) under consultation plans 
to limit food-based biofuels and push advanced 
biofuels  

Fuel Quality Directive (98/70/EC 
and 2009/30/EC) 

Reduction of fuel related GHG emissions of 6% by 
2020 compared to 2010 (life cycle analysis of GHG 
emissions in g CO2-eq  per MJ compared with fossil 
reference fuels) 

Indirect Land Use Change Directive 
(iLUC)(EU 2015/1513) 

Cap of 7% on the contribution of biofuels produced 
from 'food' crops (1st generation) by 2020 

0.5% minimum contribution of advance biofuels 

Effort sharing decision (Decision 
406/2009/EC) 

5% of GHG emission reduction for non ETS sectors 
(2020 vs. 2005); A follow up regulation is currently 
discussed incl. a proposal of a GHG emission reduc-
tion of 24% (2030 vs. 2005) 

Emission performance standards for 
new passenger cars (Regulation EC 
443/2009 & 333/2014) 

Emission standard targets for new passenger cars in 
the EU: 130 g CO2/km as limit for new cars in 2012 
followed by a limitation of 95 g CO2/km in 2020. 

MARPOL (Annex IV, under Regula-
tion 14) 

Within sulphur emission control areas on board fuel 
oil sulphur content shall not exceed 0.1% from Jan-
uary 2015. Outside emission control areas, the sul-
phur content should decrease down to 0.5% from 
January 2020. 

Source: ifeu 
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4.3.1 European and international policies  

Directive 2014/94/EU (DAFI) on the deployment of alternative fuels infrastructure 

The purpose of EU Directive 2014/94/EU is to enable an EU-wide harmonised strategy to 
boost the share of alternative fuels in the current fuel mix, dominated by petrol and diesel, 
through the development of the required infrastructure. It relies both on the involvement 
of Member States and the facilitation through the Commission. Nevertheless it does not 
define specific goals to achieve. It is conceived as a backup to reach the overall EU envi-
ronmental goals defined in the Commission's White Paper: a reduction of 60% of the 
transport GHG emissions by 2050 in comparison with 1990 and the 10% RES in the 
transport sector (see RED). 

A national strategy framework for the development of alternative fuels infrastructures 
should be notified by Member States to the Commission and all requirements of the di-
rective should be transposed in national laws by 18 November 2016. The content of this 
National Policy framework is described below in Figure 8. 

 

Figure 8: Content of the National Policy Framework 
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In addition to the indications given above, cohesion should be found with the TEN-T Net-
work1. A report on the implementation of the national policy framework should be sub-
mitted by 18 November 2019, and every three years thereafter (see Annex I of the Di-
rective for details of its content). The DAFI should be reviewed by the Commission by 31 
December 2020. The specific requirements, supporting measures and the deadlines en-
compassed in the DAFI are described in Figure 9. 

The purple, orange and blue boxes refer to electric infrastructure, LNG and CNG, respec-
tively. The development of hydrogen infrastructures are let to the discretion of the coun-
tries and no target is provided for LPG -the most widespread alternative fuel in Europe- 
because the infrastructure is considered sufficient. 

 

 

 

 

 

 

 

Source: DAFI & ifeu 
Figure 9: Implementing and supporting measures included in Directive 2014/94/EU 

The Directive should not put any supplementary burden on Member States or Regions, 
instead regulatory and incentives should be used as well as cooperation with the private 
sector. The “appropriate number” of charging or refuelling points should be calculated 
based on the number of vehicles projected in 2020. Concerning e-vehicles, measures 
should also be taken to promote the installation of charging points by developers and 
managers of new real estate sites. For ports, the decision on the selection of the ports to 
be equipped with infrastructure for alternative fuels should be made based on a cost-

–––––––––––––––– 
1
 As an EU policy, the trans-European networks (TENs) – in transport, energy and telecommunication – 

have existed since 1993. The TEN-T is composed of 9 core corridors crossing Europe. 

* Unless the cost exceeds the benefits, incl. environmental 
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benefit analysis and environmental assessment. Moreover an appropriate distribution 
system between storage stations and refuelling points for all alternative fuels should be 
provided by Member States. 

The norms to fulfil are specific in the Annex II of the DAFI directive and they are given in 
Annex I of this report.  

The Renewable Energy Directive (RED), 2009/28/EC 

The RED sets a 20% share of RES in final energy consumption together with a 20% increase 
in energy efficiency by 2020 (13% for Cyprus compared to 2.9% in 2005). Concerning 
transport, it ambitions a market share of 10% renewables (based on the net calorific val-
ue). It has been completed by the iLUC directive (see below). Currently only 2 countries 
achieve their transport target: Finland and Sweden [European Commission, 2017]. A fol-
low-up of the current RED is under consultation at the time of the present report. The 
possible consequences based on the draft RED recast is presented in 5.2.1: The targets for 
a sustainable transport system. 

The Fuel Quality Directive, 98/70/EC and 2009/30/EC 

Fuel suppliers will have to gradually reduce specific fuel GHG emissions by 6% by 2020 
based on a life cycle analysis of GHG emissions per unit of energy1. Member States may 
choose to expand this reduction up to 10%. They may also choose to set the intermediate 
targets of 2% by 2014 and 4 % by 2017. 
The directive introduces also sustainability criteria to be fulfilled by biofuels while calculat-
ing GHG emission saving. These criteria rule out biofuels originating from the following: 
primary forest, protected areas, highly biodiverse grassland and raw materials with high 
carbon stock or peatland (for more detail concerning biofuels see 4.4.2.1). 
 

The indirect Land Use Change Directive (iLUC), 2015/1513 

This directive introduces a cap of 7% on the contribution of biofuels produced from 'food' 
crops (also called 1st generation), putting a greater emphasis on the production of ad-
vanced biofuels (from waste, residue, non-food cellulosic or lignocellulosic biomass), which 
are counted twice in the numerator and the denominator. National laws must be intro-
duced in national legislation by 2017, together with the measures helping to reach the 
targets for advanced biofuels (an indicative target or 0.5% is given as reference). 
It also requires that biofuels emit fewer GHG than fossil fuels (for more details see 4.4.2.1). 
It gives a list of feedstocks for biofuels across the EU whose contribution would count 
double towards the 2020 target of 10% for renewable energy in transport. Electricity con-
sumed for road transport is also favoured through the calculation of the RES share2. 
 

–––––––––––––––– 
1
 According to the Directive: “It should amount to at least 6% by 31 December 2020, compared to the EU-

average level of life cycle GHG emissions per unit of energy from fossil fuels in 2010, obtained through the 
use of biofuels, alternative fuels and reductions in flaring and venting at production sites”. 
2
 For the calculation of the 10% share of RES in transport (Article 3, Paragraph 4 of Directive 2009/28/EC) 

electricity from RES should be calculated as follows: for electrified rail transport the electricity consumed 
shall be considered to be 2.5 times the energy content of the input of electricity from RES. For electric 
road vehicles the electricity consumed shall be considered to be five times the energy content of the 
input of electricity from RES [EU, 2015] 
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Effort sharing decision (part of the climate and energy package) 

The Effort Sharing Decision establishes binding annual GHG targets for Member States for 
the period 2013–2020. These targets concern emissions from sectors not included in the 
EU ETS, such as transport (except aviation and international maritime shipping), buildings, 
agriculture and waste1. By 2020, the national targets should deliver a reduction of around 
10% in total EU GHG emissions from the sectors covered compared with 2005 levels. To-
gether with a 21% cut in emissions covered by the EU ETS, this will accomplish the overall 
emission reduction goal of the climate and energy package, namely a 20% cut below 1990 
levels by 2020. For Cyprus, this means a 5% reduction for non-ETS sectors. 
A proposal for an Effort Sharing Regulation 2021-2030 was presented in mid-2016, it is the 
follow-up of the previous decision. The goal of reducing GHG emissions by 30% for non-
ETS sectors in comparison with 2005 is shared between Member States, Cyprus should 
reach -24%. 
 

Emission performance standards for new passenger cars 

Regulation (EC) No 443/2009, amended in Regulation (EU) No 333/2014, sets emission 
standard targets for new passenger cars in the EU: 130 g CO2/km limit for new cars in 2012 
plus a limit of 95 g CO2/km in 2020. 

The EU has not yet implemented a similar regulation for heavy duty vehicles and stricter 
standards for cars after 2020, however these issues are under discussion. 

 
MARPOL: the International Convention for the Prevention of Pollution from ships 

Under Annex VI (Regulations for the Prevention of Air Pollution from Ships) ships trading in 
designated sulphur emission control areas (SECAs)2 will have to use on board fuel oil with a 
sulphur content of no more than 0.1% from January 2015, against the limit of 1%. Outside 
emission control areas, the sulphur content should decrease down to 0.5% from January 
2020 against the present 4.5%. Ships can meet the new requirements by using low sulphur 
fuel oil such as Marine Gas Oil. Shore side electricity as well as LNG are seen as viable fuel 
alternatives, especially to reduce the sulphur content in marine fuels in the SECAs. 
 

The Trans-European Network for Transport (TEN-T)  

The TEN-T guidelines also require that inland and sea ports, airports and roads of the core 
network provide for the availability of alternative fuels. There is one main corridor passing 
by Cyprus: the Orient-East Med Core Network Corridor, enabling connections between 
Northern Germany, the Czech Republic, the Pannonian region and Southeast Europe –see 
Figure 10. 

–––––––––––––––– 
1
 https://ec.europa.eu/clima/policies/effort/index_en.htm 

2
 The control areas encompass: the Baltic Sea area; the North Sea area; the North American area (cover-

ing designated coastal areas off the United States and Canada); and the United States Caribbean Sea area 
(around Puerto Rico and the United States Virgin Islands) 



ifeu  Penetration of alternative fuels in Cyprus road and maritime sectors  31 

 

  

 

Figure 10: TEN-T network map 

4.3.2 National energy and transport policy framework in Cyprus 

Transport in Cyprus: political framework 

The responsible authority for road transport policy in Cyprus is the Ministry of Transport, 
Communications and Works. Among several Divisions within this Ministry, three depart-
ments are especially relevant. They are shown in Figure 11, together with their respective 
responsibilities in the transport sector. 

 

 

* ICT: Information and Communication Technologies 

Source: Pr. T. Zachariadis, ifeu 
Figure 11: Cyprus governmental bodies and their respective responsabilities 

It should be noted that an independent “Public Transport Enhancement Unit” operating 
under the Department of Public Works has been recently created. It is responsible for 
conducting or managing feasibility studies for the introduction of new or the improvement 
of existing public transport modes. The establishment of such a unit has been considered 
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necessary because of the low modal share of public transport, which contributes to the 
high energy intensity of this sector. 

Since the Ministry of Energy, Commerce, Industry and Tourism (MECIT) is responsible for 
the overall energy policy of the country, as well as for the quality of fuels consumed in the 
country, and the Ministry of Agriculture, Rural Development and Environment is responsi-
ble for climate policy, energy and climate related policies of transport are designed 
through a collaboration of the Ministry of Transport with these two Ministries.  

Other stakeholders who are consulted by governmental authorities are the relevant pro-
fessional bodies and industry associations, such as the Technical Chamber of Cyprus, the 
Cyprus Employers and Industrialists Federation and the Cyprus Chamber of Commerce & 
Industry. The Cyprus Energy Agency, a non-governmental and not-for-profit organisation, 
also contributes to providing information and policy recommendations on energy savings, 
renewable energy and sustainable transport initiatives. The design of national policies, 
however, is the sole competence of the Ministries mentioned above. 

Current policies in favour of RES 

As far as energy efficiency measures are concerned, transport plays a very limited role, as 
shown in the 3rd National Energy Efficiency Action Plan (NEEAP) of Cyprus. The country 
could achieve up to 14.5% global energy savings in 2020 compared to a ‘business as usual’ 
scenario [Republic of Cyprus, 2014] i.e. the EU target of 20% energy savings cannot be 
reached on the grounds of cost-effectiveness. According to the same source, almost half of 
this energy savings could come from measures in end-use sectors (mainly residential and 
commercial buildings) and the other half would be derived from additional savings in pri-
mary energy consumption by using natural gas for power generation (Republic of Cyprus, 
2014).  

Concerning the penetration of renewable energy, the objective defined in the RED is to 
reach 13% of Cyprus gross final energy consumption by 2020. According to the country’s 
first National Renewable Energy Action Plan (NREAP), this objective will be met by reach-
ing 16% of RES in the electricity sector (according to MECIT the share may be lower at 
14.6%), 23.5% for heating and cooling and 4.9% for transport (including all modes and 
fuels). According to the same document the share of RES in transport, when calculated 
according to the Directive 2009/28/EC methodology, reaches 10% by 2020 thanks to re-
newable electricity and biofuels. As explained in section 4.4.2 meeting this target is chal-
lenging because of the limited fuel alternatives. 

In line with its national commitments for the penetration of renewable energy and energy 
savings in transport, the country has adopted specific measures to encourage electrifica-
tion of road vehicles and penetration of biofuels. The National Energy Efficiency and Re-
newable Energy Fund financed several policies developed in the last NREAP. Biofuels were 
exempted of excise taxes for some years. Moreover both registration taxes of new cars 
(one-off taxes when a new car is purchased) and annual circulation taxes are partly calcu-
lated on the basis of a car’s direct CO2 emissions. This strategy included scrappage rates up 
to 1,710 €, subsidy for the purchase of fuel flexible vehicle, low carbon emission vehicle 
(<120 g CO2/km), hybrid and electric cars up to 1,200 €, discounts on tax and circulation 
fees for those vehicles, the obligation to blend diesel by a minimum of 2%, and funding 
biomass production by a maximum of 300,000€. All these policies were phased out, and no 
further policies have been enforced. 
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4.4 Status quo - road transport 

Currently road transport is mainly driven by petrol private cars (75% of the total vehicles), 
relatively old (more than 10 years in average). And despite the economic crisis, their num-
ber is expected to continue growing, as well as the share of diesel cars, which has been 
growing in the last years. Table 9 summarises the current availability of different fuels.  

On the demand side, there are very few alternative fuel vehicles and the global share of 
RES in transport does not exceed 2.4% in 2015 (RES-T as calculated in the REDs). Despite 
the fact that charging infrastructure would be sufficient to cope with a bigger demand, 
there were only 72 e-vehicles at the end of 2016. Moreover the biomass and fossil fuels to 
generate electricity are almost entirely imported and are therefore subject to market price 
fluctuations. There are ~250 LPG/petrol vehicles and 1 LPG refuelling station together with 
plans to expand the LPG refuelling infrastructure. CNG is currently neither used nor availa-
ble for transport in Cyprus, but vehicles are already available for purchase on the market. 
Exploration for domestic natural gas is expected to start after 2020. Hydrogen is not avail-
able for transport or other energy consuming sectors at the moment. 

Table 9: Status quo for the demand and availability of alternative fuels in Cyprus 

Fuel General availability Transport infrastructure Vehicle population 

Biofuels 
(blending 
~3.5%) 

Imports & domestic produc-
tion of biodiesel from used 
cooking oil  

No ethanol available 

~300 fuel stations  Diesel vehicles (~40% of 
the car fleet)  

No pure biodiesel vehi-
cles  

Electricity Fuel: imported diesel/heavy 
fuel oil 

Share of RES: 9% 

18 (double) public charg-
ing points in major cities 

72 battery electric cars 

LPG* Imported for stationary com-
bustion (e.g. households) 

25 station under license  ~250 cars that use petrol 
and LPG 

CNG and 
LNG 

Not available 

Import and exploration 
planned after 2020 

Not available No vehicles 

H2 Not available Not available No vehicles 

Source: Eurostat, http://www.eafo.eu, this report. *Workshop 06.04.2017 in Cyprus 

4.4.1 Vehicle fleet and mileage 

The total number of licensed motor vehicles was 646,636 at the end of 2014 [Cystat, 
2014b]. More than 75% are passenger cars, as shown in Figure 12. Between 2005 and 2014 
the motorisation rate increased from 484 to 558 vehicles per 1000 capita [ACEA, n.d.]. 
 

 

http://www.eafo.eu/
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Source: Cystat, 2014 
Figure 12: Vehicle fleet for road transport in 2014 

Taking all categories into account, petrol vehicles make up around 70% of the total fleet 
(Table 10). Together with light duty vehicle it makes up 91% of the total mileage in 2014 as 
shown in Figure 13. There is almost eight times more petrol than diesel cars but trucks, 
busses and coaches are in majority diesel vehicles. 

 

Source: COPERT 
Figure 13: Mileage per type of vehicle in Cyprus in 2014 

There are currently very few vehicles with alternative fuels. Hybrid cars represent with 
about 2,000 vehicles or 0.4% of all passenger cars the highest share. Only 72 passenger 
cars can run solely on electricity. In 2006 to 2008 a governmental programme provided 
purchase grants for hybrid, electric and low carbon vehicles. Around half of the funded 1.2 
million Euro were used for hybrids [MECIT, n.d.]. Despite including gas-hybrids (CNG- or 
LPG/petrol) in this policy no gas powered vehicles (CNG, LPG, LNG or hydrogen) can be 
found in Cyprus. According to MECIT renewable energy sources accounted for 2.4% of 
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road transport energy consumption in 2015 (based on RED calculation methodology). This 
was primarily achieved by using biodiesel blends in diesel vehicles. 
 
Table 10: Alternative fuel vehicles in Cyprus in 2014  

 Petrol Diesel Hybrid EV LPG Total 

Passenger cars  421,516 54,870 2,091 151 
- 478,511 

Lorries  4,883 99,559 4 - - 104,446 

Coaches and 
buses 

6 2,575 - - - 2,581 

Mopeds  14,356 - 3 33 - 14,392 

Motorcycles >50 
(cc) 

26,561 16 - 1 - 26,578 

Tractors 145 17,000 - - - 17,145 

Other vehicles 73 2,929 - - - 3,002 

Total 467,540 176,949 2,098 49 - 646,655 

Source: [Cystat, 2014a] (the latest available annual report from CYSTAT was 2014). 
1
 update: according 

http://www.eafo.eu there were 72 e-cars end 2016, 
2 

According to MECIT 250 LPG/petrol cars in 2017  

 
Generally road vehicles are relatively old: indeed 54% of the passenger cars are older than 
10 years and 20% of buses are older than 20 years [Cystat, 2014a], which is more than the 
EU average (see Figure 14). Nevertheless the economic crisis led to a decrease in new reg-
istrations from over 30,000 in 2008 to less than 10,000 vehicles per year. 
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Source: [Eurostat, 2015] 
Figure 14: Passenger cars by age, 2013 (% of all passenger cars) 

4.4.2 Fuel supply and current penetration of alternative fuels 

The availability and supply of alternative fuels is a key element influencing the type of 
vehicles that are introduced in the market. This covers the availability of primary energy 
carriers (mineral oil, gas, biomass etc.) and an appropriate refuelling infrastructure for 
road vehicles. 

Today’s most important fuels petrol and diesel are fully imported since no mineral oil re-
finery is available in Cyprus. The most important oil companies are Petrolina (Holdings) 
Ltd., Hellenic Petroleum Cyprus Ltd. and Exxon Mobil Cyprus Inc. These fuel importing 
companies are also the operators of the fuel stations in Cyprus. There are around 300 pet-
rol and diesel stations distributed over all districts, but around half of the stations are lo-
cated in the urban district of Nicosia. Most fuel stations have 24 hour service and provide 
either personal for refuelling or machines accepting cash notes or credit cart. 

The travel distances in Cyprus are rather short (e.g. 150 km from Nicosia to Paphos in the 
west, 90 km from Nicosia to Agia Napa in the east). The total length of highways in Cyprus 
accounts for 257 km, only 2% of the road network (see chapter 4.1). Moreover interna-
tional transit is limited because Cyprus has no road connection to the continent. This situa-
tion impacts the potential of supplying alternative fuel i.e. accessibility of fuel, turnover at 
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fuel stations and range of the vehicles. It is also a chance for Cyprus to define its own 
transport strategy in a relative autonomy to its EU neighbours. 

4.4.2.1 Biofuels 

As cited above, the penetration of RES in Cyprus’ transport is limited (2.62% according to 
RED in 2014) and relies mainly on biodiesel. In comparison the average is 5.9% in the EU 28 
according to Eurostat. The current biofuel blends used usually within Europe are: B7 and 
E5, potentially E10. 

In Cyprus only biodiesel is available: there is no bioethanol. Similar to conventional fuels 
Cyprus imports the majority of its consumed biofuels. There is a small amount of biodiesel 
produced from Used Cooking Oil (UCO) in two production plants (one in Pafos and one in 
Paralimni). The production capacity of all production plants is 12 Mt per year. Due to the 
difficulties to produce biodiesel from UCO in compliance with the EN 14214 Standard, the 
local production of biofuels is very low and the most of the UCO is exported (source: inter-
nal information from MECIT).  

4.4.2.2 Natural gas (NG) 

Currently Cyprus does not have access to natural gas, neither for transport nor other sec-
tors. However, the government plans the exploration of domestic natural gas for power 
generation and NG export from 2020 on. The IRENA study also investigated different sce-
narios [IRENA, 2015].  

Independent from the domestic exploration it is possible to import LNG via ship to Cyprus. 
By using a pump and heat exchanger, LNG can be transformed into CNG which is a more 
common fuel for light duty vehicles and cars. However, the technical requirements for 
storage and refueling are challenging, since CNG refueling stations need to provide and 
maintain high pressure.1 

4.4.2.3 LPG 

The use of LPG for the transport sector in Cyprus has just recently started. Currently, LPG 
has to be imported to Cyprus. There are two major sources for LPG: as a byproduct from 
oil refineries, or as a byproduct of natural gas exploration. The latter might be interesting 
for the future if a domestic natural gas production unit is established in Cyprus. This path-
way would trigger lower GHG emissions compared to the production of LPG as a byprod-
uct of mineral oil refineries (see [LBST, 2010]). 

Cyprus’ main fuel importing companies plan to build 25 LPG fueling stations within the 
next years2. Due to the still missing permission only one of them entered the construction 

–––––––––––––––– 
1
LNG has a temperature of -162°C and needs to be cooled constantly. Otherwise an increase in tempera-

ture leads to rising gas pressure and gas can evaporate (so called “boil off”. Natural gas consists essential-
ly of methane. Evaporation unburned into the atmosphere this gas has a 25 times higher global warming 
potential than CO2. 
2
 Source: MECIT. The specific timeframe for implementation of the LPG stations is not stated. 
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phase. While the investment cost are lower than for CNG stations the perspective of suffi-
cient fuel demand is critical for fuel providers to ensure the payback of investments. How-
ever in the short term, more than natural gas, LPG provides an economic solution of con-
verting existing petrol cars into LPG cars, thus allowing for a quick market penetration. 

4.4.2.4 Electricity  

Electricity generation in Cyprus relies on fossil fuel imports i.e. diesel and heavy fuel oil. 
Being an island is also a drawback as it reduces the possibilities of grid interconnections to 
neighbouring countries, which would allow purchasing cheaper electricity to meet peak 
demand, or selling locally produced renewable energy.  

By the end of 2015 the total installed power generation capacity in Cyprus was approxi-
mately 1,740 Megawatts (MW), of which 1,478 MW were operated by the Electricity Au-
thority of Cyprus (EAC) at three locations along the island’s south coast [Zachariadis T. and 
Hadjikyriakou C., 2016]. Renewable energy technologies had a total installed capacity of 
approximately 244 MW at the end of 2015 with the highest share provided by wind as 
shown and contributed to around 8.5% of the total electricity generation [CERA, 2016]. 

  

Source: MECIT 
Figure 15: Installed capacity of renewable energy by type in MW in 2015 

Solar energy shows a real potential for Cyprus as the country has the world highest rate of 
solar water heater i.e. one heater for 3.7 people [Kalogirou Soteris, n.d.]. According to the 
3rd progress report under the RED [MECIT, 2014] large-scale RES projects were promoted 
including two solar thermal parks, 50 MW each, the first employing solar towers and heat 
storage and the second using sterling engines. They are expected to start operating in 
2020 and 2018 respectively. 

The global electricity sale for 2015 amounted to approximately 4,000 million kWh [EAC, 
2016]. The biggest consumer of electricity is the commercial sector followed by domestic. 
Currently the share of transport in electricity consumption is negligible. 

Currently the EAC offers e-charging services. Costumers must register through a Customer 
Service Centre of EAC to sign the service agreement contract and receive the RFID card. 
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Charging stations comply with Type 2 standard, specified in the DAFI directive. According 
to [EAC, 2015] there are currently 16 charging stations covering Nicosia Area, Limassol, 
Platres, Larnaca , Protaras, Paphos and Polis Chrysochous (see Figure 16). 

Source: [EAC, 2014] 
Figure 16: Existing and future location of electric car charging stations 

This over complies with the DAFI Directive, which gives as guidance 1 public charging point 
for 10 cars. Thus, there is rather a need for electric vehicles than additional charging points 
in the short-term. 

4.4.2.5 Hydrogen 

Currently there is neither a supply of hydrogen for transport nor hydrogen powered vehi-
cles in Cyprus Domestic production of hydrogen by electrolysis from electricity has similar 
perquisites as electric mobility for using RES. One advantage is the possibility of chemical 
energy storage. 

A major challenge is the high costs. In general hydrogen technology for transport is com-
pared to battery electric vehicles, CNG or LPG vehicles still in the development phase and 
far from a relevant market entry in most countries today. Thus, hydrogen should be con-
sidered a mid- to long-term option which needs good planning and support. 

4.5 Status quo - maritime transport 

The maritime sector has been positively contributing to the development of Cyprus econ-
omy and it is still growing: the gross output of water transport activities increased by 
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14.3% to 150 million € in 2013 compared to the previous year [Cystat, 2014b]. In 2015 
almost 10,000 TJ of maritime fuels have been bunkered in Cyprus which is almost 40% of 
the road sector fuel consumption [MECIT, 2016]1. Currently only oil products such as ma-
rine gas oil and heavy or marine fuel oil are used and no alternative fuels are available in 
Cypriot ports. 

4.5.1 Vessel fleet 

In 2014 2,886 vessels were called in Cyprus ports with a net registered tonnage of more 
than 17 million. As seen in Figure 17 the net tonnage registered followed the downwards 
trend of the economy from 2010 on, but it rose again in 2013. On the contrary the number 
of vessels has been decreasing steadily since 2005, indicating that vessels’ capacity and 
size increased. 

 

Source: Cystat, 2014 
Figure 17: Maritime activity in Cyprus between 2005 and 2014 

Considering ship categories, freight vessels like container and RORO ships have currently 
the highest share in maritime transport tonnage when measured in gross tons. Indeed 
freight ships are usually much bigger, having an average dead weight tonnage (DWT) of 
over 10,000 tons, or over 20,000 tons for container ships. Passenger ships, cruise ships and 
bulk carriers reach a share of 15% of the total gross tons (see Table 11).  

–––––––––––––––– 
1
 Maritime transport in Cyprus is mainly international and does not count to Cyprus’ national GHG emis-

sion inventory. 
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Table 11: Transport turnover in Cyprus ports in 2015 by ship type 

Vessel type Million 
GRT* 

Million 
NRT* 

1,000 

Pass Cap 

1,000 

Contain-
ers 

1,000 

Trailer 
Cars 

Average 

DWT 

Container 13.0 6.7 0.0 1048.7 0.0 23,870 

RO-RO 5.5 1.8 0.3 54.6 177.7 13,131 

Cruise 2.3 1.3 52.4 0.0 0.0 7,077 

Passenger 1.1 0.5 49.7 0.0 0.0 2,872 

Bulk carrier 0.2 0.1 0.0 0.0 0.0 12,165 

Source: Data from CPA, 2016. *GRT = gross registered tonnage, NRT = net registered tonnage 

 

The majority of vessels rely currently on two fuel types: 

 Heavy (HFO) or Marine Fuel Oil (MFO) 

 Marine gas oil (MGO) 

A main difference is the status of refinery and the final sulphur content, which is approxi-
mately 2.5% for HFO/MFO and 0.1% for MGO [ifeu, et al., 2016]. HFO and MFO are gener-
ally cheaper. Emission and fuel quality regulations i.e. MARPOL Annex VI forbid the use of 
HFO/MFO in SECAs and ports. In this case sulphur after treatment technologies or fuels 
with lower sulphur content e.g. MGO, gasoil or LNG can be used instead. 

In 2015, most of bunker ships in Cyprus supplied fuel to vessels anchoring or landing at 
Limassol port. HFO had the highest amount of bunkers, followed by MGO as shown in 
Figure 18 

  

Source: Data from CPA, 2016 
Figure 18: Amount of maritime bunkering 2015  
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4.5.2 Alternative fuel supply 

The demand for alternative fuels e.g. LNG or shore side electricity is currently almost inex-
istent in Cyprus. Similarly, there is no infrastructure enabling ships to bunker LNG in Cyprus 
ports at the moment. 

According to the DAFI the port of Limassol will have to provide LNG bunkering facilities by 
end of 2025. 

4.6 Conclusion 

The SWOT analysis in Figure 19 highlights the main opportunity and challenges for the 
future role of alternative fuels in Cyprus in a qualitative way. It gives also the paths to 
study in the next chapters to build up sustainable scenarios taking into account the oppor-
tunities and challenges that Cyprus is facing. If some weaknesses can be identified, espe-
cially the isolation of the country concerning energy supply, as well as the lack of own 
resources (e.g. no local blending units), Cyprus demonstrates also real strengths. First, the 
limited size of the country enables a quick coverage for refuelling and charging infrastruc-
tures. Second, Cyprus enjoys a real autonomy in the kind of infrastructure it wants to sup-
ply as there is very little international traffic on the island. One of the main constraints will 
be the limited budget available for investment in the aftermath of the financial crisis. 

 

Figure 19: SWOT analysis of the penetration of alternative fuels in Cyprus transport sector 

There are also several external factors that could impact the current situation of renewa-
ble sources globally and in Cyprus. First of all the limited availability of 2nd generation bio-
diesel is a peril for a long-term supply and should be considered in future scenarios. On the 
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other side further (EU) policies towards energy efficiency and decarbonisation of the 
transport sector will be reinforced. An advantageous circumstance is the economic recov-
ery since 2015 which opens better perspectives for the country for investing in a sustaina-
ble transport system. The development of a local economy for the production of alterna-
tive fuels (renewable electricity, CNG, biodiesel) could reinforce the present trend. The 
cooperation of local actors and stakeholders must also be secured to help building a sus-
tainable strategy for alternative fuels in Cyprus. The promotion of alternative fuels in Cyp-
riot road transport (D 5.2) 

The following chapter aims at showing the potentials in saving energy and GHG emissions 
by alternative fuels, which are put in perspective with the EU environmental targets, as 
well as related costs for the society, for the three scenarios until 2050. 
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5 The promotion of alternative fuels in 
Cypriot road transport (D 5.2) 

The following chapter aims at showing the potentials in saving energy and GHG emissions 
by alternative fuels, which are put in perspective with the EU environmental targets, as 
well as related costs for the society, for the three scenarios until 2050. 

 

5.1 Methodology for the energy demand and cost analy-
sis 

5.1.1 Modelling energy demand and emissions for Cyprus: TREMOD 

Final energy demand and emissions of road transport are calculated following a bottom-up 
approach thanks to ifeu’s tool TREMOD. This tool was developed in the early 90s on behalf 
of the German Federal Environmental Agency. It is constantly updated in order to be used 
for the GHG inventory reports delivered each year by the parties to the UNFCCC1, as well 
as for the projection of past trends and future scenarios. Detailed information about 
TREMOD can be found in [ifeu, 2014] (in German). The calculation method is further de-
veloped in Annex III: TREMOD and calculation methodology. 

The first stream of inputs is made of two main blocs: mileage (in km) and vehicle popula-
tion differentiated by technology i.e. diesel, petrol, electric… (Figure 20) Several factors, 
which are out of the scope of this study, have an impact on these two input blocks, namely 
the GDP, which impacts the purchasing power of consumers and firms for new vehicles, 
the modal split, which impacts the weight of each transport mode on the overall mileage, 
and oil prices, which impact the decision of using road transport. These factors are exter-
nal to TREMOD. They are therefore extracted from reliable sources in order to project the 
input parameter until 2050. More details to these external factors are given in chapter 5.2. 

–––––––––––––––– 
1
 United Nations Framework Convention on Climate Change 
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Figure 20: Main input parameters and levers used for modelling in TREMOD 

The second stream of input concerns vehicle fuel consumption based on Cyprus fleet dif-
ferentiated by type of fuel. The fuel consumption for each type of vehicle (according to 
size, age and Euro norm) is impacted by the fuel efficiency gained through technological 
improvements and the share of alternative fuels. The first is already embedded in the 
model, including the last EU requirements (for more details see Annex III: TREMOD and 
calculation methodology). The latter varies according to the scenarios. 

Finally, the last stream of input is the GHG content of the different fuel, which is also em-
bedded into the software based on the latest databases. One of the main influencing fac-
tors is the carbon content of fuels (tank-to-wheel perspective), and the pre-chain in pro-
duction and supply of fuels (well-to-wheel perspective). The latter also considers the share 
and type of renewable fuels i.e. first and second generation biodiesel or the share of RES in 
electricity for e-cars. These aspects are highlighted within the scenarios to give a full pic-
ture of the environmental assessment. However, emissions from growing first or second 
generation biofuel or from generating electricity from different sources do not belong 
directly to transport emissions but to the agriculture (called LULUCF in the national inven-
tory reports) and energy production sectors.  

The two main levers used for this report are identified are: 

 The vehicle population per technology i.e. number of alternative fuel vehicles  

 The share of the different RES within transport fuels  

These levers are of course interrelated. The values that these two parameters can take are 
thoroughly analysed in the following sections for the Reference Scenario, the Low-cost 
Scenario B and the Goal Scenario C.  

5.1.2 Main data sources for modelling the current situation 

The baseline date for the model is 2014, for which several input data set are used. The 
main data sources are: 
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 COPERT1 input data sheets [DLI, n.d.]. It includes vehicle population and mileage (per 
category, size and fuel type) from 1990 to 2014. 

 TRACCS data collection [Emisia, 2013]. It includes similar data to COPERT and some 
further information from 2005 to 2010. 

COPERT and TRACCS data sets, both elaborated within EU projects, are the only sources to 
feature a disaggregation level enabling to model road emissions. They allow building up a 
detailed picture of the fleet composition (vehicle category, fuel type, size, age), and to use 
generic data, i.e. for specific fuel consumption, from TREMOD. Table 12 shows which 
source is used for each input data. For more details to the data processing, data quality 
and uncertainties, refer to Annex III: TREMOD and calculation methodology. 

Table 12: Input parameter road sector 

Disaggregation 
level 

Vehicle population Mileage Specific fuel con-
sumption 

Vehicle category COPERT COPERT 

TREMOD data 

Correction for pas-
senger cars based on 
COPERT 

Fuel type COPERT 
TREMOD data 

Correction for pas-
senger cars based on 
COPERT 

Vehicle Size TRACCS  for passen-
ger cars1 

COPERT for other 
vehicles 

Vehicle Age TRACCS 

Update for passenger 
cars2 

TREMOD data 

Road category not needed COPERT 

Traffic situation not needed TREMOD data 

1
TREMOD and TRACCS use the EU segments (e.g. small, lower medium, …) as passenger car size criteria, 

COPERT uses engine capacity (ccm). 
2
Different from COPERT, TRACCS includes registration years of vehi-

cles. For passenger cars we corrected the age distribution with more recent data from [Eurostat, 2015]. 

 

–––––––––––––––– 
1
 Computer programme to calculate emissions from road transport. Cyprus uses COPERT for its national 

emission inventory.  
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The calculated total fuel consumption in 2014 is given in Figure 21. Passenger cars contrib-
ute to two third of the fuel consumption in road transport, while one third results from the 
use of trucks, busses and motorcycles. 

 

 

Source: ifeu 
Figure 21: Results for the fuel consumption of transport in Cyprus 2014 per vehicle category 

5.1.3 Costs evaluation 

The cost model is based on a simplified social cost benefit analysis (SCBA) - which does not 
include taxes - meaning the costs for the society as a whole for choosing one technology 
compared to the current situation. The costs considered are shown in the figure below. 
The incremental CAPEX and OPEX are calculated i.e. the difference between the costs oc-
curring based on the current situation e.g. buying a diesel car and the costs of the new 
alternative i.e. cost of e-car. Finally the net cash flow resulting from subtracting the annual 
OPEX to the CAPEX shows the amount of money required to implement and run the tech-
nology (see Figure 22). The net cash flow is calculated per year and the cumulated net cash 
flow on a given period e.g. 2017 to 2050 indicates if the financial balance of the lever is 
secured or if the costs overweight the benefits. The net cash flow can be discounted (with 
a real discounted cash flow of 3.9% see 5.4.1) in order to consider factors such as risks and 
inflation, in this case the result is a nominal price based on the reference year, in this case 
2015 €. 
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Figure 22: Methodology for cost analysis 

The scope of the economic assessment does not include costs that are considered negligi-
ble in comparison with the level of expenditure required, for example assurance costs or 
maintenance costs for e-cars compared to the one for conventional cars. If a TCO (Total 
Cost of Ownership) analysis is conducted later those costs should be assessed. Business 
models are also out of scope as they do not influence SCBA: the costs and benefits are 
considered for the entire society without allocating it to the state, to private firms or to 
consumers. This is also the reason why taxes are deducted, as they are only transfer within 
the different entities.  

Finally, external costs are not internalised as it is the case in several SCBAs in order to pro-
vide a sound base for further calculations and reduce uncertainty on the results. Neverthe-
less a complete SCBA would require allocating a price to pollution, CO2 emissions or health 
to draw a fair picture of the impact of the different technologies on society. Several types 
of guidance exist to help assessing these external costs and some impacts can also be qual-
itatively assessed instead of quantified1. 

–––––––––––––––– 
1
 European Commission, Guide to Cost benefit Analysis of Investment Projects, 2008 
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5.2 Definition of the scenarios 

Three scenarios up to 2050 are analysed in order to assess the feasibility of reaching Cy-
prus environmental goals thanks to the penetration of alternative fuels (biofuels, e-
mobility, LNG, CNG, LPG): 

 A Reference Scenario, which is based on the current situation. Biodiesel blends remain 
the main form of RES in transport; electric and LPG vehicles stay at the level of niche 
technologies and no new technologies are introduced. 

 Scenario B, which relies on a realistic penetration of alternative fuels. Electric vehicles 
increase after 2030, but the main focus is on the use of domestic natural gas in 
transport with the aim of minimising the costs for the society. 

 Scenario C, which represents an ambitious, but realistic penetration of alternative fuels 
aims at a fast introduction of e-mobility in order to tap the potential of renewable elec-
tricity with the most energy efficient technology in the long term. 

The corresponding assumptions were decided based on historic trends, case studies in 
Europe, available policy instruments and expertise from the authors and they were regu-
larly aligned with MECIT. It has to be mentioned that the scenarios are not considered to 
be forecasts but serve to quantify the effects of different alternative fuels in terms of final 
energy demand, contribution to RED and FQD targets, national GHG reduction and costs 
for the society. Other scenarios and assumptions may also be realistic and helpful for other 
scopes of research. The detailed description of the scenarios is given later within this chap-
ter, namely in 5.2.4 and 5.2.5 

5.2.1 The targets for a sustainable transport system 

Based on international and national policies, by 2020 Cyprus should reach: 

 A share of 10% of RES in transport energy consumption (RED I & NREAP Cyprus); 

 A reduction of 41 ktoe in transport energy consumption resulting from energy efficiency 
measures (NEEAP Cyprus); 

 A reduction of 6% fuel related GHG emissions in road transport sector in comparison 
with 2010  (FQD); 

 A reduction of 5% of GHG emissions of non-ETS sectors by 2020 compared with 2005 
(Effort sharing decision) which includes transport, buildings, agriculture and waste. 

A summary of the goals and the environmental criteria is shown in Figure 23. The values 
for 2030 are based on the RED recast, which is not officially adopted and should be taken 
only as orientation. It includes: the type of biofuels that can be used, the eligibility criteria 
for the recognition of the biofuels compared to conventional fuels today (70% for new 
production sites in 2030) and the multiplying factor for the calculation of the RES objective 
for transport i.e. 5 times for electricity and 2 times for non-food based biofuels. These 
criteria are taken into account and further described in the following chapter in order to 
calculate the share of RES. 
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Source: ifeu 
Figure 23: Targets derived from EU directives 

An intermediate goal should be given by the RED II for 2030, which is currently under con-
sultation. The draft of the directive proposes a share of 6.8% of advanced alternative fuels 
and strengthens the type of feedstocks that are defined as RES, including renewable elec-
tricity used in transport (see the annex of the RED recast directive providing a list of ad-
vanced biofuels i.e. part A and the list of organic/UCO i.e. Part B) [European Commission, 
2016b]. The multiplying factors used in the first RED are suppressed and replaced by other 
favouring the implementation of renewable fuels for the maritime and aviation sectors. 
The share of food-based biofuels should be reduced to maximum 3.8% by 2030. In parallel 
the proposal for a new Effort Sharing would require, if adopted, a reduction of 24% of 
Cyprus GHG emissions in the non-ETS sectors by 2030 vs 2005, incl. transport. This draft is 
subject to change as it is based on several hypotheses developed throughout the present 
report, it should therefore primarily be taken as an orientation. 

On a long-term perspective: by 2050, no goal for transport is set but the EU Energy 
Roadmap [European Commission, 2011] aims at decarbonising the EU economy with: 

 A minimum share of 55% RES in gross final energy consumption 

 A 80% reduction of total GHG emissions compared to 1990 

For each scenario the amount of new alternative vehicles and the amount of alternative 
fuel consumed are described. The attached costs calculated and finally the impact in terms 
of fuel consumption and GHG emissions are modeled for the three scenarios. 

5.2.2 Background to the chosen scenarios 

There are different strategies towards an environmental sustainable transport system. The 
ASIF model (Avoid, Shift, Improve and Fuel) is the generic equation to calculate the GHG 
emissions of transport. It shows the type of variables available to decrease transportation 
footprint. “Avoid” and “Shift” are both out of scope of this study as they focus on changing 
transport demand. The current focus is on decreasing energy demand (Improve) as well as 
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reducing GHG emissions (Fuel) through the use of alternative fuels and renewable ener-
gies, as shown in Figure 24. 

 

Figure 24: Strategy towards sustainable transport 

In order to foster the penetration of alternative fuel the following measures are leveraged 
in the different scenarios: 

 Change the composition of vehicle population – introducing new technologies (e.g. 
electric and CNG vehicles …)  

 Increase the share of RES in fuels (share of electricity, biodiesel….) 

On the contrary several parameters such as modal split or total mileage are defined once 
in the Reference scenario up to 2050 and kept constant for all scenarios as detailed in the 
following chapter. While some other measures targeting energy efficiency are implement-
ed only in Scenario C based on MECIT expertise i.e. environmental taxations of vehicles 
and vehicle inspection (refer to 5.2.3).  

Transport demand is defined in the Reference Scenario (which is considered as a baseline 
scenario) based on trends in population, economy, technology and human behaviour. It 
takes into account the currently implemented policies and it does not consider any new 
technological breakthrough. Nevertheless technical improvements in fuel economy and 
emission reduction are included for all new vehicles according to the policies and regula-
tions already in place i.e. CO2 emission standards for new passenger cars. 

5.2.2.1 GDP 

One of the main socioeconomic parameters impacting transport activity is the GDP. Two of 
the main reports on Cyprus transport energy consumption: PRIMES [European 
Commission, 2016a] and Cyprus Energy Roadmap (called IRENA – the agency which pub-
lished the report in 2015) are compared with the GDP projection of the Ministry of Finance 
in Cyprus (MOF). Until 2021 the prognostics are similar (on average 2.1% p.a.) but they 
deviate from 2022 on. MOF forecasts a stronger growth: approximately 2.4% p.a. until 
2050, following the projection for population growth. Therefore the projection of the total 
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mileage of PRIMES, used as source for the present report (see following sub-chapter), is 
considered as a low estimate. 

 

Figure 25: Comparison of Cyprus GDP  

5.2.2.2 Total mileage and modal split 

Between 2000 and 2008 transport demand in Cyprus increased by 3.3% per year and then 
started decreasing as the economic crisis hit the country. There is unfortunately no official 
forecast for the development of transport demand in the future i.e. the total amount of 
passenger- and freight-kilometres in Cyprus. The scenarios are based on the best available 
source, namely the projection of PRIMES [European Commission, 2016a], and aligned with 
MECIT. Within this tool, developed for the EU, the projections of total mileage and modal 
split up to 2050 are calculated based on several econometric parameters i.e. GDP, activity 
by sector, demographics, bilateral trade by product, fuel prices and transport network 
infrastructure. Considering the slightly lower oil prices than the one used for this report 
and the optimistic GDP forecasts of MOF, using the mileage of PRIMES is seen as an opti-
mistic scenario as previously mentioned i.e. the global mileage might be higher. The im-
pact should be nevertheless negligible on the relative penetration of RES (in per cent).  
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The transport growth rates of PRIMES are used to extrapolate the mileage based on the 
current values extracted from COPERT1 (data available until 2014). As shown in Figure 26, 
total mileage in road transport increases by 34% between 2015 and 2050, making a 
growth rate of ~1% per year. Passenger transport accounts for 81% (including ~1% with 
busses) and freight transport 19% of the total kilometres driven. The modal split remains 
constant in all scenarios between 2015 und 2050.  

Source: COPERT data for Cyprus and ifeu assumptions based on Primes 
Figure 26: Total mileage of road vehicles between 2000 and 2050 

5.2.3 Scenario definition: vehicle fuel efficiency improvements 

5.2.3.1 General assumptions for all scenarios 

Vehicles fuel consumption is dependent on several parameters, including technologic de-
velopments and regulations. A prognosis of general plannable improvements is defined 
below and applied to all scenarios. Specific fuel consumption of vehicles depends on a 
number of parameters e.g. driving behaviour, road condition, etc. The following scenarios 
consider technical improvements in the first place. For passenger cars, the development of 
fuel consumption is based on EU CO2 emission limits for new cars. They set a limit for fleet 
emissions of 95 g CO2/km for passenger cars and 147 g CO2/km for light commercial vehi-
cles by 2020. However, the values cannot be directly transferred to Cyprus’ car fleet in 
2020 due to several reasons: 

 Because of the gap between type approval limits (based on the new European driving 
cycle = NEDC) and real world fuel consumption. 

 Because of flexibility schemes for manufacturers enabling them to sell vehicles with 
different fuel efficient in different countries as long as they comply with the EU average. 

–––––––––––––––– 
1
 An aggregated growth rate is given in Primes for 2010-2020. In order to get a value for 2015 to 2020, the 

growth rates of 2020-2030 are applied, as the expected GDP growth rates are relatively close.  
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The so-called “super credits” The regulation provides the allocation of super credits for 
new passenger cars and new vans with CO2 emissions lower than 50 g CO2/km. These 
vehicles are temporarily given a greater weight in calculating the average specific 
emissions, as the super-credit weight factor will become 2 cars in 2020, 1.67 cars in 
2021 and 1.33 cars in 2022. In the 2020–2022 period, the use of super-credits is sub-
ject to a cap of 7.5 g CO2/km for each manufacturer so that the rest of the fleet of the 
car manufacturers can be more carbon intensive [EEA, 2016]. 

For example new cars still emit 149 g CO2/km in the model in 2020 on average (based on 
real world consumption). The calculated CO2 reduction is lower than expected from the EU 
limit, but it still represents an annual reduction of 1.3% p.a. between 2015 and 2020 [ifeu, 
2016]. Applied to Cyprus a medium petrol car built in 2015 would have a real world fuel 
consumption of 5.8 l/100km and 5.0 l/100km in 2020. 

There is currently no CO2 regulation for other vehicle categories e.g. HDV. Moreover tight-
er limits for cars and light commercial vehicles (LCV) after 2020 have not been yet decided. 
TREMOD still assumes that certain fuel efficiency improvements occur due to market-
based mechanisms and likely policies1. For Cyprus it is assumed that the reduction rates 
for new vehicles will be similar to Germany. However, due to different fleet renewal rates, 
the average reduction for all vehicles is different. Thus, for most vehicles fuel efficiency 
improves by 0.7% per year in terms of MJ/km, except mopeds and motorcycles, which do 
not show improvements as shown in Table 13. 

Table 13: Average fuel efficiency (MJ/km) in Cyprus from 2015 until 2050 for main vehicle categories 

Main vehicle categories 2015 2020 2030 2050 Average annual re-
duction 2015-2050 

Passenger cars 2.9 2.8 2.6 2.2 -0,7% 

Busses 11.5 11.2 10.6 8.7 -0,7% 

Light commercial vehicles 3.3 3.0 2.6 2.2 -1,0% 

Heavy goods vehicles 8.9 8.8 8.5 6.8 -0,7% 

Source:  TREMOD 

5.2.3.2 Efficiency improvements in Scenario B and C 

For Scenario B and C two measures were agreed between MECIT, the Cyprus University of 
Technology and the transport ministry in order to improve energy efficiency. The expected 
impact of these policies was quantified based on the expertise of the transport ministry: 

 The average CO2-emission in NEDC for 2020 reduces by 5 g/km or ~5%. For real world 
fuel consumption half of the improvement or 2.5% compared to the reference scenario 
are assumed. This should be achieved thanks to a tax incentive based on the CO2 emis-
sions of new petrol and diesel car, which should boost the purchase of low CO2 vehicles.  

 On road vehicle inspections should improve the state of maintenance and fuel efficiency 
for existing vehicles. Based on assumptions from the Cyprus University of Technology 

–––––––––––––––– 
1
 E.g. CO2 limits for cars and LCVs after 2020 as well as for HGV and busses have been a matter of discus-

sion in the EU recently [ICCT, 2016] 
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and the Ministry of Transport a reduction of 2.5% until 2020, 4% until 2030 compared to 
the Reference scenario is considered for diesel and petrol passenger cars (linear calcula-
tion from 0 % in 2014 until reaching 4% in 2030 and stays at 4% until 2050). For trucks 
the improvement is of 1% until 2020 and 3% until 2030 (linear calculation from 0 % in 
2014 until reaching 3% in 2030) and stays at 3% up to 2050 compared to the Reference 
scenario. 

Efficiency is also gained though the penetration of e-mobility. Based on ifeu’s calculation a 
shift to alternative fuels, especially EVs, improves the average energy efficiency of the 
vehicle fleet. For example, while a medium petrol car 2020 consumes 250 MJ per 100 km 
(or 5.0 l petrol) a medium battery car 2020 consumes only 85 MJ per 100 km (or 1.7 l pet-
rol-eq). The overall effects depend on the share that these technologies represent in the 
vehicle fleet as explained in the next chapters. 

5.2.4 Scenario definition: penetration of biofuels in Cyprus 

5.2.4.1 Constraints and environmental potential of biofuels 

Sustainable criteria are applied to biofuels. If not compliant, the amount of biofuel used 
cannot be counted towards renewable energy and fuel quality targets. The main environ-
mental criteria according to the RED and the iLUC directive (Indirect Land Use Change, EU 
2015/1513) are: 

 Achieving GHG savings of at least 35% in comparison to fossil fuels (standard value: 94g 
CO2e/MJ). This saving requirements rise to 50% in 2017 and 60% in 2018, but only for 
new production plants (based on a life cycle analysis). 

 Setting a cap of 7% on the contribution of biofuels produced from 'food' crops to the 
goal of 10% RES in transportation (adding to the fact that biofuels from non-crop 
sources count twice) and the indicative target for advanced biofuels is 0.5%. 

 Securing that biofuels are not stemming from areas converted from land with previously 
high carbon stock such as wetlands or forests or from raw materials obtained from land 
with high biodiversity such as primary forests or highly biodiverse grasslands. 

The current draft of the RED II (giving objectives for 2030) plans to set a share of: 

 Minimum 6.8% from advanced biofuels and biogas produced from feedstock listed in 
Annex IX 

 Minimum 3.6% from  advanced  biofuels  and  biogas  produced  from  feedstock listed 
in Part A Annex IX (see 8.1 Annex II) 

 1.7% cap on Annex IX Part B feedstocks, including UCO (see 8.1 Annex II) 

These decisions are led by the current concerns on biofuels of the 1st generation (based on 
food crops) because of their negative environmental impact. A central point is that the 
land required to grow crops used for biodiesel is detrimental for the environment and 
does not compensate for the lower GHG emissions of vehicles running on biofuel. Moreo-
ver biofuels have been blamed to be responsible for price spikes on world food markets, 
but data to quantify this effect are divergent. This may then lead to a rising demand for 
biofuel of the 2nd generation, which availability is currently limited. These biofuels include 
UCO, although it would be capped at 1.7% from 2030 on. The importance of the so-called 
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“advanced biofuels” should therefore grow. It includes biofuels produced from e.g. straw, 
forestry residues, non-crop plants such as switch grass or from algae and synthetic fuels 
obtained through Fischer-Tropsch synthesis.  

The environmental impact of different biodiesels vary significantly as shown in Figure 27, 
comparing the GHG emissions of different biofuels to their production costs. The green 
dots are biofuels, which are commercially available, while blue dots depict biofuels, which 
need to be further developed before being mature to enter the market. The most wide-
spread biofuels i.e. biodiesel and bioethanol have emissions ranging from 16 to 50 g CO2-
eq/MJ, depending on their feedstock e.g. if they are produced from UCO (app. 16 g CO2-
eq/MJ) or from wheat (around 50 g CO2-eq/MJ). The future technologies such as biofuel 
from ligno-cellulose (LC Ethanol) and BTL (biomass to liquid) are still expensive, but their 
cost should decrease in the future. Their GHG emissions savings are in average higher than 
the classical biofuels.  

 

Source: ifeu & [DLR, et al., 2014]; Nominal prices are given as indication, they refer to different years 
(2010 to 2015) 
Figure 27: THG emissions and costs of different biofuels 

Overall synthetic fuels and waste fuels have the best potentials to fulfil the strengthened 
regulations. The emissions shown above do not take the iLUC emissions into account (also 
not considered for the moment in the FQD), which means that the real emissions may be 
higher. According to ifeu it could more than the double the global impact, for example 
FAME (fatty acid methyl ester) from palm oil could jump from approximately 39.5 g CO2-
eq/MJ to 109 g CO2eq/MJ (with iLUC emissions), which would exceed the emissions of fossil 
fuels amounting to 98 g CO2-eq/MJ. 

Besides classic biofuels (FAME) another product, namely HVO, is currently increasing its 
market share. It can be produced from many kinds of vegetable oils and fats. This includes 
triglycerides and fatty acids from vegetable oils (e.g. rapeseed, soybean and corn oil) and 
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tall oil (a co-product from the pulp and paper industry) in addition to the use of animal 
fats. A blending of up to 30% of HVO is possible while meeting the EN 590 specification 
(compared to 7% for conventional biodiesel). It also fulfils the CEN technical specification 
for paraffinic diesel fuels: TS 15940 (2012). HVO is also known to have a positive effect on 
exhaust emissions (NOx and PM), which is primarily due to the high cetane number and 
low aromatics [CE Delft, / TNO, 2013]. Currently, the installed HVO capacity in Europe 
reaches 2 million tons [The energy and water agency, 2015]. 

Another option for using biomass in transport is bio methane, which requires similar refu-
elling1 and vehicle technology than natural gas. Thus, for markets without any existing NG 
fleet such as Cyprus, their use should rather be considered in the mid-term (after 2020). 
Due to its chemical similarity to fossil methane bio methane can be combusted in NG en-
gines in any ratio, having no technical limitation for blending. GHG emissions savings 
(WTW) from biomethane can be higher than other biofuels, but also depend on the type of 
feedstocks. Costs for biomethane vary greatly: it costs in average 16 €/GJ but can go up to 
36 €/GJ in some cases, depending on the raw material used and the country of production 
as shown in Figure 27. 

Various technical options exist to use biofuels as blends in conventional petrol or diesel in 
vehicles. Table 14 gives some examples of the blending grades used in different EU coun-
tries.  

Table 14: Example of blending grade used in EU countries (Stand 2014) 

Blending EU Member State Brief description 

E10 France Up to 10%v/v ethanol blending in gaso-
line 

E85 Austria, France, Sweden Up to 85%v/v ethanol blending in gaso-
line for so-called flexi-fuel vehicles 

B7 
France Up to 7%v/v FAME blending in diesel fuel 

Germany Plus 3% of renewable diesel 

B20 Poland For captive fleets 

B30 
France For captive fleets 

Czech Republic For captive fleets 

B100 Germany, Austria, Croatia, 
Spain, UK 

For captive fleets 

(partly specially adapted vehicles) 

Source: [JEC, 2014a] and CIVITAS 

 

 

–––––––––––––––– 
1
 Besides refuelling station technology, an infrastructure for biomethane distribution is required, e.g. it 

can be a profitable business for small scale producers it if they can inject their biomethane production in 
an existing gas grid. 
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5.2.4.2 Bioethanol in south EU countries 

Bio-ethanol cannot be used in countries with high temperature, such as Cyprus, due to the 
limit for the vapour pressure specified in the norm EN 228. Nevertheless Ethyl Tert-Butyl 
Ether (ETBE) or Methyl Tert-Butyl Ether (MTBE) can be used as their chemical characteris-
tics are similar to the one of petrol. Bio-ETBE is produced from bioethanol (47%) and iso-
butylene (63%), where the latter fraction cannot be marked as biofuel. The European 
Standard EN 15376 permits a maximum of 5% ethanol and 15%v/v for ETBE [UKpia, 2013], 
which can be used for all vehicles. Currently ETBE uses first generation bio-ethanol as 
feedstock. Nevertheless ETBE purely from renewable sources has been announced by a 
French-German firm in February 2017: GlobalBioenergies. MTBE is less common and its 
production has been declining in the last decades [CE Delft, / TNO, 2013]. 

Looking at countries with similar climate conditions, Spain mandate for ethanol was 4.2% 
in net calorific value in 2013 and the ethanol consumed is almost entirely ETBE. Several 
other EU countries use ETBE: e.g. France, Belgium, and Finland. Malta excludes also classic 
bioethanol for the same climatic issues and considers the use of ETBE and HVO to reach its 
environmental targets in the last NREAP [The energy and water agency, 2015].   

5.2.4.3 Biofuel strategy for Cyprus for Scenarios B and C 

The strategy to reach the highest share of biofuels by 2020 relies on: 

1. Using at least the current blending limits: B7  

2. Studying the feasibility and the economic viability of using ETBE  (12%v/v in Scenario 
C) 

3. Using fungible biodiesel (HVO)  

Some other options could be available but are not considered within the scenarios:  

 Using higher blend of ETBE but taking into account that vehicles compatibility should be 
checked. For example the JEC considered E 10 from model year 2005 on (conservative 
assumption) [JEC, 2017]; 

 Increasing biodiesel blending up to B8 like France (need to be approved at the CEN Eu-
ropean level concerning Norm EN 590 for diesel); 

 Using pure biodiesel (B100) or plant oil for dedicated fleets.  

 

Considering the current draft of the RED with a share of 6.8% RES in 2030, it would be 
advisable to: 

 Reaching a minimum of 3.6% advanced biofuels, for example HVO from tal oil or bio-
diesel from forestry residues and/or if available lingo-cellulosic material; 

 Limiting the amount of UCO biodiesel to 1.7%; 

 Limiting the amount of food-based biofuels to 3.8% maximum. 

 

No EU targets or policies are set for 2040 and 2050. Therefore, a similar approach to [Öko-
Institut, et al., 2016] is adopted i.e. a fade out of biofuels. This results in a stepwise phase 
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out of biofuels after 2020, while the increase of the other RES can be expected by using 
renewable electricity or biomethane. This option is examined later in chapter 5.3.3 GHG 
reduction and long-term decarbonisation. However, it needs to be mentioned that the 
future of biofuels is still open as the RED II is currently only on a draft stage. Other tech-
nologies might be adopted if they are more cost efficient or technically feasible (neverthe-
less for the moment using electricity as energy source for trucks, ships and aviation still 
faces high challenges due to limited range of batteries).   

A proposal of a strategy to introduce biofuel blends to Cyprus is given in Table 15. ETBE is 
used only in scenario C due to its high price and its limited content of bioethanol (47%). 
Although it represents a small share of the current sales, HVO should take over FAME in 
the near future due to its chemical stability, the high amount that can be blended (30%) 
and the decreasing production costs. It is therefore assumed in both Scenarios B and C 
that HVO and FAME will be at almost the same level by 2030. The scenarios comply with 
the limit given in the RED for the different types of feedstock allowed. Within this frame-
work the Scenario B relies only on biodiesel while Scenario C includes bio ethanol through 
the use of ETBE. 

Table 15: Share %v/v and biofuels feedstocks used for the different scenarios  

 Ref Scenario Scenario B Scenario C 

 biodiesel biodiesel HVO biodiesel ETBE HVO 

2020 4% 6% 1% 7% 12% 3% 

2030 4% 3% 4% 3% 0% 5% 

2040 2% 2% 2% 2% 0% 4% 

2050 1% 1% 2% 1% 0% 2% 

 

The share of feedstock assumed for biofuel production is given in Table 16. Similar to to-
day, biodiesel is produced by two thirds by second generation UCO in the Reference sce-
nario and in Scenarios B and C. Scenario C assumes a 100% share of second generation 
biodiesel and HVO and 90% of ETBE from food-based feedstock i.e. sugar cane and 10% 
ETBE from straw (listed in Part A Annex IX of the RED II). 

Table 16:  Share of feedstock for the biofuel blends in the 3 scenarios 

  Feedstock Ref Scenario Scenario B Scenario C 

Biodiesel 
UCO 67% 67% 100% 

FAME Palm oil 33% 33% - 

HVO  
Palm oil - 100% - 

UCO - - 100% 

ETBE (47% 
ethanol) 

Sugar cane - - 90% 

Straw - - 10% 
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As an additional measure for scenario C, the use of B100 in 50% of the bus fleet is consid-
ered. The estimated diesel consumption for busses is around 40 ktoe per year, thus an 
amount of 20 ktoe B100 (50% from palm oil, 50% from UCO) in 2020 is assumed. 

Looking at costs and technological maturity, it would make sense for Cyprus to harvest the 
biofuel (UCO) production in the short-term. In the long-term it would be interesting to 
invest in PtX (especially based on solar power) and electro-mobility, potentially via pilot 
projects. The high level of sunlight may be a sound argument to consider an EU pilot pro-
ject for a PtX production plant. It is also worth noticing that Cyprus participated in the 
project MED ALGAE "Production of biodiesel from Algae in selected Mediterranean Coun-
tries". The project aims to collect all available data on microalgae in the participating coun-
tries (literature review and studies), to conduct a study on the available state-of-the-art 
technologies and also to provide feasibility studies, after implementation of research activ-
ities. 

5.2.5 Scenario definition: uptake of alternative fuel vehicles 

An overview of the level of penetration of the different technologies: ICE, e-cars and gas 
powered vehicles is given in the following paragraphs. The main input parameter in 
TREMOD is the amount of newly registered vehicles per fuel type and year. 

5.2.5.1 General assumptions on vehicle registrations 

The rate of new registration (and scrapping) determines the modernisation of the vehicle 
fleet e.g. new registrations must fulfil stricter fuel economy and emission standards. Alter-
native fuel vehicles are more likely to enter the population via new registrations (while old 
vehicles can be retrofitted for some technologies e.g. LPG). Figure 28 shows that the num-
ber of new registrations in Cyprus strongly changed in the past: having a peak of almost 
70,000 vehicles in 2008 and a minimum of less than 20,000 vehicles in 2013 most probably 
due to the economic crisis. It also shows that around half of the vehicle registrations are 
imported used vehicles while the other half are new vehicles. 
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Source: Cystat 
Figure 28: Vehicle new registrations in Cyprus from 1990-2015 

On average 15,000 new vehicles per year were registered from 2010-2015. This value is 
used to extrapolate the number of registration until 2050, since before that point scrap-
ping schemes could have influenced the number of registration and may not be repre-
sentative. The share of used vehicle registration remains constant. Passenger cars domi-
nate the new registrations with ~11,000 vehicles per year. The overall number is broke up 
by vehicle categories based on TRACCS database1 (see Table 17). Parallel to the number of 
new registrations, the registration of used vehicles and the scrapping rates influence the 
fleet development (see Annex 8.2.3 Lifetime of the vehicles for fleet projections for further 
info). 

Table 17: Number and share of annual new vehicle registrations (excluding second hand vehicles) between 2015 and 2050 
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As a result, the vehicle stock in the scenarios further increases. Due to the long life span 
and import of second hand vehicles, the average age of the car fleet in Cyprus increases 
from 12.8 years in 2015 to 14.6 years in 2050. The main effect is that fuel economy stand-
ards are rather slowly introduced in the fleet as shown in Figure 29. 

–––––––––––––––– 
1
 The TRACCS vehicle categories are more compatible with TREMOD structure in terms of vehicle catego-

ries, size class, etc.; though information from official CYSTAT data would be more up to date. 
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Source: ifeu calculations based on Cystat and TRACCS data and own assumptions 
Figure 29: Number of cars in the Reference scenario by age 

5.2.5.2 Environmental potential of alternative fuels and technologies 

Three types of technologies are expected to be preponderant in the fleet within the next 
35 years: pure ICE vehicles (petrol, diesel CNG, LNG and LPG), hybrid vehicles (PHEVs and 
conventional hybrids) and full EVs (fuel cells and BEV).1 

Energy efficiency and GHG emissions 

Energy efficiency and GHG emissions (tank-to-wheel) vary greatly between vehicle tech-
nologies. Furthermore, different fuel and energy mixes have an important role when it 
comes to well-to-wheel energy consumption. [JEC, 2014b] provides an overall picture of 
the potentials for energy and GHG emission savings of new technology as shown in the 
figures below. The values are based on a generic passenger car (C-segment) with a 2020+ 
technology configuration2. The WTT (well-to-tank)3 factors take into account the EU mix in 
terms of production, transportation and distribution schemes as well as share of RES. From 
a WTW perspective, hybrid (HEV) and battery electric vehicles (BEV) have the lowest over-
all energy consumption close to 100 MJ/km. ICE vehicles consume around 150 MJ/km. 
Within this group the diesel cars are the most efficient (see Figure 30) 

–––––––––––––––– 
1
 ICE=internal combustion engine, PHEV=plug-in hybrid electric vehicle, BEV=battery electric vehicle 

2
 Based on the New European Driving Cycle for ICE vehicles with direct injection. For electric vehicles 

charging losses are included. 
3
 A Life Cycle Assessment is used to study the impact of transport fuels and vehicles. The entire analysis 

i.e. Well-to wheel (WTW) is often broken down into two stages named "well-to-tank" and "tank-to-wheel" 
(TTW).The first stage incorporates the feedstock or fuel production and processing and fuel delivery or 
energy transmission, and is called the "upstream" stage, while the stage that deals with vehicle operation 
itself is the "downstream" stage.  
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Source: [JEC, 2014b] 
Figure 30: Well-to-wheel energy consumption of a car (C-segment) with different alternative fuels in 2020 

In terms of WTW GHG emissions, hybrid vehicles have the best performance followed by 
CNG, which benefits from its low carbon content. Electric vehicles have no advantage 
compared to combustion vehicles if electricity is produced with the average EU energy 
mix. Thus in this case i.e. with little renewable electricity (based on primary energy) EVs 
have no environmental benefit compared to ICEs as seen in Figure 31. 

 

Source: [JEC, 2014b] 
Figure 31: Well-to-wheel GHG emissions of a car (C-segment) with different alternative fuels in 2020 

However, an increase in RES in the electricity mix is considered in most future scenarios. 
According to MECIT, the share of RES in Cyprus should reach 14.6% for 2020 and 16.4% for 
2030 of the final energy consumption1. A study by [JRC, 2016] estimated the maximum RES 

–––––––––––––––– 
1
 According to MECIT based on the KTH study 
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shares in power generation in a high oil and gas price scenario to ~25% in 2020 and ~50% 
in 2030 for Cyprus. 

In the long term, assuming a 100% renewable energy mix, the WTW GHG emissions of cars 
powered by renewable fuels can be practically reduced to zero. The options range from a 
direct use of electricity to a chemical conversion of power to hydrogen (FCEV), methane 
(CNG) or liquid fuels (petrol, diesel, LPG), which can be summarized as “power to X” (PtX) 
[UBA, 2017a]. This option will be further discussed in 5.3.3 GHG reduction and long-term 
decarbonisation. 

Air pollutant emissions 

Air pollution in Europe has decreased within the last decades, however particle and espe-
cially NOx emissions still exceed air pollutant limits especially in urban areas and close to 
major roads. Thus emission reductions should also be considered when promoting alterna-
tive fuel vehicles. Since 2014 new cars in the EU have to fulfil the Euro 6 standard, which 
applies to ICE cars i.e. petrol, diesel, LPG and CNG as well as hybrids. 

However, especially diesel cars have recently raised strong concerns about their emission 
in “real world” operation. According to [UBA, 2017b] NOx-emissions of Euro 6 Diesel cars 
are in average 6 times higher than the limit. An adopted emission regulation implemented 
in 2019 with real-world-driving (RDE) tests should help solving this problem. 

Full electric and hydrogen vehicles have no exhaust emissions and have high potential in 
contributing to local air quality, especially in cities. However, electricity or hydrogen pro-
duction can cause emissions if fuels (e.g. heavy fuel oil) are combusted and no advanced 
emission reduction technologies are used.  

Excursus LPG retrofits 

Because of low conversion costs (~1500 €) [KTH, 2017] and fuel prices, LPG retrofits for 
gasoline cars can be an economically attractive technology to introduce alternative fuels in 
transport. Compared to new LPG vehicles, some environmental risks have to be consid-
ered: 

 Retrofitting is often economically more attractive for cars with high specific fuel 
consumption (e.g. old or big cars). Nevertheless retrofitting can induce higher fuel 
consumption and GHG emissions compared with the purchase of a modern car. 

 Emission measurements on converted LPG cars indicated that those can have 
much higher emissions than the original petrol model [ERMES, 2015]. 

LPG conversions, if economically cheap, can pose a risk for air quality, while showing no or 
only minor benefits for GHG emission reduction. 

5.2.5.3 Introduction of alternative fuel vehicles in the scenarios 

Considering the current state of development of alternative fuels in Cyprus and the envi-
ronmental potential, the technologies are prioritized as follows: 

 Petrol and Diesel will remain key technologies in all scenarios until 2050. In order 
to improve energy efficiency, an increase in the use of Petrol hybrids in the future 
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is considered. Moreover biofuels are introduced through blending (B7 and ETBE) - 
the so called drop in fuels - in order to reach the FQD and RED target 

 CNG is a low cost and local energy source, and is therefore to be considered alt-
hough it has limited environmental benefits. It is a key technology for scenario B 
and the environmental effects as well as the related costs for the society are ana-
lyzed. 

 LPG is not a key technology in the scenarios since it has not been established yet 
and its environmental benefits are small. Furthermore, LPG conversion may be 
linked with environmental risks for GHG emissions and air quality (see previous 
section). Therefore, the LPG is only examined exemplary for it potential contrib-
utes to the RED and FQD targets, but without long term perspective and cost anal-
ysis. 

 E-mobility is considered the most energy efficient technology for the long term, 
especially in combination with increasing share of renewable electricity. It is a key 
technology for scenario C and is analyzed for its environmental effects and related 
costs for the society. Both, full battery electric vehicles (BEV) and plug-in hybrids 
(PHEV) are considered. Fuels cell vehicles running on hydrogen are not analyzed 
since the technology has not been introduced yet, it is still very costly and its envi-
ronmental benefits are lower than the one of electric cars.  

The detailed assumptions for each scenario and the numbers of vehicles are given in the 
following sections. 

Passenger cars 

The Reference scenario considers in general no change to the current situation regarding 
alternative fuels. Major influencing factors for the penetration of alternative fuels are the 
existing and planned fuel supply as well as refuelling and charging infrastructure. In the 
Reference scenario no further funds or tax bonus system are introduced. CNG as a tech-
nology is not introduced. The penetration of e-vehicles is hindered by the high investment 
costs and stays correspondingly low. While LPG cars are in comparison more cost efficient 
(although less energy efficient), they represent a quite small market share e.g. due to low-
er infrastructure availability, acceptance, etc.1.  

The only relevant change occurs in the repartition between petrol and diesel cars as the 
later grow by 50%. Moreover the hybridization of petrol cars continues at a steady pace. 

Scenario B gives preferences to CNG, a cheaper technology in comparison with electro-
mobility. Therefore the uptake of CNG reaches already 10% of new car registrations by 
2030. The situation for e-cars stays the same as today until 2020 (limited amount of cars in 
circulation). Assuming a further decreasing trend in battery prices, e-cars  should start 
being cost attractive and electro mobility takes up from 2030 on with a 5% share of new 
matriculation and then catch up with CNG in 2040 only (20% of the new registration). It 
takes the lead only in 2050 (with 40% of the car new registration in 2050 against 30% for 
CNG), based on the fact that in the long term it is environmentally speaking a better 

–––––––––––––––– 
1
 Analysis in [ifeu, 2015] show that between 8% (large cars) and 10% (medium cars) of new LPG cars in 

Germany have lower TCO compared to petrol or diesel cars, but only around 0.1-0.2% of customers buy 
those cars. 
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choice:  it has a better energy efficiency than CNG and can rely on renewable energy 
sources contrary to natural gas.  

Market penetration for electric cars in Scenario C relies on EU case studies and IEA scenar-
ios. Based on the current plans of EU countries as shown in the Global EV Outlook 2016 
[IEA, 2016] 3% of the new registered cars should be electric ones in 2020 in Cyprus. In 
order to remain conservative Spain is taken as example: the country displays the lowest 
objective i.e. 3% share of new e-cars by 2020 (in comparison Portugal expects a share of 
22%). In 2030 it is expected that this share increases up to 20% in Cyprus, which is already 
the rate of new e-vehicles entering the Swedish market as of today. This value is also 
adopted as target in 2020 in the IEA scenario 2DS1. For 2040 the same IEA scenario is taken 
as reference, leading to a 40% share of new e-cars, and in 2050 this figure should reach 
60%. In parallel CNG vehicles are introduced from 2020 on to reach 10% of new matricula-
tion by 2030 despite the limited advantages in terms of energy use and emissions. The first 
reason is the lower market price of CNG compared to conventional fuels. Second, Cyprus 
should start producing CNG; it would then increase Cyprus’ energy independency. The last 
reason is that the diversification of fuels may be necessary as interim technology before 
switching towards greener solutions. The market penetration of CNG is expected to re-
main stable from 2030 until 2050 while electro-mobility takes up. This environmentally 
ambitious scenario relies on the hypothesis that enough electricity from renewable 
sources is available to power the transport sector. 

The effect of the assumed new registration share on the future vehicle fleet is demon-
strated in Figure 32 and Table 18. Even though the share of EVs in new registration is very 
ambitious, EVs make up less than half of the car fleet in 2050. 

Figure 32: Example for new registrations and vehicle stock of passenger cars in Scenario C 

 

Source: TREMOD. Note: Additionally to the new registrations, second-hand imports and vehicles scrap-
ping rates are taken into account in the calculation of the vehicle stock 

–––––––––––––––– 
1
 The 2DS Scenario of the IEA depicts the trajectory so that global temperatures stay below 2°C. 
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Table 18 Number of passenger cars in the scenarios per fuel type (in 1000s) 

Fuel 

type 

2014 2020 2030 2040 2050 

Ref Ref Sc. B Sc. C Ref Sc. B Sc. C Ref Sc. B Sc. C Ref Sc. B Sc. C 

Petrol 489 480 477 480 535 512 506 492 412 365 483 297 231 

Diesel 67.0 84.8 83.3 83.3 156 137 136 225 164 164 263 152 152 

Hybrid 

petrol 

0.0 0.7 2.1 2.1 3.1 18.8 18.8 5.1 46.8 46.8 5.5 65.2 65.2 

LPG 0.0 0.0 0.8 0.0 0.2 1.2 0.2 0.5 1.1 0.5 0.6 0.7 0,6 

CNG 0.0 0.0 0.0 0.0 0.0 9.9 9.9 0.0 47.2 38.6 0.0 107 62.8 

BEV 0.0 0.1 0.2 0.2 0.2 4.5 10.9 0.3 18.2 48.3 0.3 53.1 109 

PHEV 0.0 0.0 0.1 0.1 0.0 4.3 10.8 0.0 18.1 48.2 0.0 53.1 109 

 

Other vehicle categories 

In the Reference Scenario the other categories of vehicle: trucks and busses rely mainly on 
diesel and the two wheelers petrol, as it is currently the case. 

In Scenario B LCVs follow the same trend like passenger cars but with a 10 year delay, 
reaching 20% only in 2050. CNG is on the contrary more widely used for passenger cars, 
reaching 10% in 2020 and increasing by 10 points of percentage every decade. For LCVs all 
the same happens 10 years later. All the truck categories follow the same path as LCVs for 
CNG, but contrary to scenario C, there is no electrification. Especially for heavy trucks us-
ing LNG is also an option because of the higher range of ~750-1,400 km [Rolande, 2015]. 
Moreover LNG might be available at the port of Limassol for bunkering ships in the future 
and thus offering synergies for refuelling infrastructure. 

In Scenario C the values for LCVs are similar to passenger cars, but it is assumed that the 
share of new vehicle are achieved 10 years later than for passenger cars because there is 
currently no e-LCV in Cyprus and because of the delay in technology uptake in this catego-
ry.  

The truck category is split between <12t and >12t. The first group is treated in the same 
way as LCVs. For the latter the focus is put on electro mobility. It is based on a technology 
currently studied in Germany and already implemented in a pilot phase in Sweden and 
California: E-highway. An overhead contact line powers the truck, which can run on its ICE 
when the infrastructure is not available. It can use 100% electricity and nevertheless keep 
its autonomy thanks to its dual propulsion technology. It is assumed that the technology 
becomes cost-competitive to implement on highways from 2035 on. The share of e-trucks 
sold is assumed to reach 15% in 2040 and 30% in 2050. CNG is also used for trucks but at a 
lower level than for the cost-efficient scenario presented in the next paragraph with a 
share of new matriculation of 5% in 2010 and 2050. 
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5.3 Results of the scenarios  

5.3.1 Final energy demand 

Based on the value defined for the levers previously described, the final energy demand of 
the Reference scenario remains relatively stable at around 600 ktoe from 2020 to 2050 
(see Figure 33). This means the increase in transport activity is compensated by the effi-
ciency improvements in the vehicle fleet. Due to a shift from petrol to diesel cars and a 
stable modal split for freight and public transport the demand in diesel increases com-
pared to today. LPG and electricity are almost negligible. 

Energy savings will be reached in both scenarios B and C. Until 2020 a moderate reduction 
of 2.2% compared to the Reference scenario is expected, mainly because of efficiency 
improvements for the existing fleet. These also have the main effect until 2030. Alterna-
tive fuel vehicles which are only slowly replacing diesel and petrol vehicles show their ef-
fects after 2030. Thus, Scenario C has with 16.1% the highest reduction in final energy 
demand due to the EVs fuel high efficiency. Scenario B also shows a strong reduction in 
petrol and diesel consumption, but the total energy demand only decreases by 9.6 % com-
pared to the Reference scenario. As described earlier, natural gas vehicles - a leading tech-
nology in Scenario B - do not contribute reducing the total final energy demand. 

 

 

Figure 33: Comparison of final energy consumption of road transport until 2050 in the 3 scenarios by type of energy 

Currently, Cyprus aims at reducing transport final energy demand by 41 ktoe compared to 
the national reference scenario i.e. 6% of 680 ktoe by 2020 (see Cyprus NEEAP [Republic of 
Cyprus, 2014]). In our scenarios the reduction of 6% is not reached. However, due to the 
already lower energy demand of 628 ktoe in the present Reference scenario a direct com-
parison is not possible. 
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Nevertheless the reduction in final energy demand for the Scenarios B and C compared to 
the reference scenario cannot be considered as a maximum potential. Indeed some 
measures have not been analysed in this study as they are out of scope, e.g. 

 A modal shift to more efficient transport modes (e.g. private car to bus) or even non-
motorized transport (bicycle, pedestrian) 

 A higher or “maximum” introduction of new vehicles with alternative fuels, e.g. only 
electric cars after 2030 

 A faster scrapping of old vehicles to increase the market share of new technologies 

Consequently, higher energy savings are possible if more ambitious measures are taken 
into account. For example, the German government has set the target for transport to 
reduce final energy demand by around 10% in 2020 and 40% in 2050 compared to 2005 
[Bundesregierung, 2010]. For Cyprus, the reduction in Scenario C would be 9% in 2020 and 
25% in 2050 compared to 2005 (~675 ktoe). Shift measures were considered to have a 
high impact in Germany with a potential of -27% final energy consumption for 2050 [UBA, 
2016a]. However this includes a shift to (mainly electric) trains, which do not exist in Cy-
prus. Thus, the potential for Cyprus might be lower, but should be analysed in detail in a 
follow-up study. Overall, the energy saving potentials in the scenarios might be considered 
as a realistic first-step assessment. 

Primary energy consumption, including the production of fuels (outside the country) and 
electricity (inside Cyprus) was not calculated. It should be noted, that especially for EVs the 
primary energy demand can be as high as the one of conventional vehicles if the power is 
generated from fossil energies. 

5.3.2 Reaching RED and FQD targets 2020 

Table 19 gives an overview on the total share of RES (in net calorific value and according to 
RED, including multiply counting, etc.) and GHG reduction according the FQD in 2020 for 
all scenarios. Only scenario C reaches the RED and FQD target. 

Table 19: Comparison of the scenario results to the targets for RED and FQD in 2020  

 Target Reference Scenario B Scenario C 

RES share in net calorific value - 1,5% 2,5% 8,1% 

RES share countable for RED 10% 2,5% 4,0% 13,4% 

GHG reduction acc. FQD* -6% -1,1% -1,8% -6,0% 

* The GHG emissions according to the FQD are WTW. GHG emissions for fossil fuels are calculated based 
on FQD default emission factors. For biofuels emission factors from the EU project Biograce [EU, 2012], 
for electricity emission factors from JEC for EU mix [JEC, 2013]. 

Alternative measures contributing to the targets 

As calculated in scenario C, an ambitious use of biofuels both in blends and B100 for cap-
tive bus fleets will help to reach the RED and FQD targets. However, more measures might 
be technically feasible to be implemented until 2020 and to contributing to the targets. 
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LPG has an effect on GHG emission savings for the FQD but a limited impact on RED objec-
tives as the amount of LPG for road transport is –contrary to petrol and diesel- not count-
ed in the RED calculation methodology i.e. the overall share of biofuels is increased as LPG 
replaces petrol and diesel. The latter means, that shifts from petrol to LPG will have a 
small effect on RES (e.g. if 1% petrol is replaced by LPG the amount of RES will not be di-
vided by 100% but 99%). Despite the low environmental advantages of LPG, MECIT sees in 
this technology a good opportunity for Cyprus, the technology has therefore been consid-
ered. 

In Germany, LPG cars that have been converted from existing petrol cars are currently the 
most widespread alternative fuel vehicles (~500,000 cars or ~1% of the fleet). In average 
around 80.000 or ~0.3% of petrol cars are converted per year [ifeu, 2015]. Assuming that 
Cyprus can reach a substitution of 1% of petrol with LPG until 2020, an additional 0.03% 
share of RES according to the RED and an additional -0.1% GHG emissions according to the 
FQD might be reached.  

Empowering LPG would need a refuelling network, which is already planned for Cyprus 
(today there is only one station with a LPG pump). However a quick market penetration 
would probably have to be supplemented with financial incentives e.g. reduced energy 
taxes like in Germany. 

The Renewable Energy Directive provides additional flexibility through the possibility of 
using statistical transfers between Member States which could be useful as a contingency 
in the case of unforeseen circumstances. This point is developed further under Chapter 7.  

The RED enables to count the amount of RES used in aviation and domestic maritime 
transport. Currently biofuels are rarely used in a large scale for both transport modes. For 
the maritime sector, limited amounts of biofuel are expected in 2020, but are more rele-
vant for the international transport sector and are not in the scope of the RED (see chapter 
on maritime transport). The bio kerosene substitution potential for aviation until 2020 was 
not part of this study and would require further analysis. 

5.3.3 GHG reduction and long-term decarbonisation  

Currently, Cyprus does not have an official target for the reduction of total GHG reduction 
in the transport sector1. This makes it difficult to infer the measures or policies needed to 
achieve the GHG reduction. However, the EU effort sharing decision includes the transport 
sector in the non-ETS goals (-5% in 2020 and -24% in 2030 compared to 2005). After 2030, 
there is only an overall target for GHG saving (on a tank-to-wheel basis) for all European 
countries given in the EU white book for transport of -20% in 2020 and -60% in 2050 com-
pared to 1990 [Europäische Kommission, 2011]. To have a landmark for assessing the re-
sults, the following assumptions are adopted: 

 2020: road transport should reach the same GHG reduction as all non-ETS sectors (-5% 
to 2005) as given in the effort sharing decision. 

 2030: road transport should reach the same GHG reduction as all non-ETS sectors (-24% 
to 2005) given in the draft amendment of the new effort sharing decision. 

–––––––––––––––– 
1
 The FQD target of -6% is related to fuel specific emissions (in g CO2-eq per MJ) 
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 2050: road transport should achieve in 2050 a reduction three times higher than the 
one of 2030 (-75% compared to 2005) 

Figure 34 shows the GHG emission savings achieved in the scenarios. In 2020 the target set 
would be fulfilled, mainly due to the fact that energy consumption and transport activity 
have been decreasing due to the economic crisis. In Scenario C the GHG reduction is great-
ly exceeding the target due to the ambitious use of biofuels (i.e. -15%) 1. However for 2030 
and 2050 there are significant gaps between the savings and the assumed transport tar-
gets. On the one hand, this is due to the assumption that GHG reductions in transport 
should follow the current EU policy and have an equal participation as the other non ETS 
sectors. On the other hand, transport activity continues increasing after 2020, but the use 
of biofuels decreases and is only slowly compensated by the introduction of alternative 
fuel vehicles, i.e. EVs. 

  

Note: Emission factors and emission 2005 (2,030 kt CO2-eq.) are based on Cyprus’ national inventory 
report. Emissions in transport are only TTW. Electricity and biofuels are counted with zero emissions. 
 

Figure 34: GHG emission savings in road transport in the scenarios compared to 2005 

Considering the case where the objectives of the effort sharing decisions as well as decar-
bonising transport have to be met, further measures would be necessary.  

 One option for additional measures to reduce final energy demand that was already 
mentioned is to rely on shift and avoid policy measures.  

 Another option is supplying the remaining fuel demand with PtX (power-to-
petrol/diesel/CNG/…) if it is considered that biofuels blending and the share of penetra-
tion of EVs cannot be pushed further. 

–––––––––––––––– 
1
 Per definition, electricity and biofuels have no emissions on a tank-to-wheel basis. However, additional 

GHG emissions can occur for the energy sector in Cyprus if electricity is non-renewable. 
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It must be nevertheless noticed that biofuel and EVs might be more heavily used in a 
“maximum technical potential scenario” e.g. through high scrapping rates of old vehicles 
or by regulations forbidding the purchase of ICE vehicles by a certain year. These options 
have not been assessed within the present report.  

Excurse: Potentials from renewable power in PtX to reduce GHG emissions 

Several studies already analysed technical processes to convert renewable power (e.g. 
from wind or solar) to synthetic fuels, e.g. [DLR, et al., 2014] (in German only). This type of 
fuels could help dropping conventional fuel consumption without changing significantly 
the vehicles and infrastructure technology. Aside from the fact that they are mostly only in 
pilot scales at the moment, the major drawbacks are energy losses of the conversion pro-
cess. Based on [DLR, et al., 2014] a conversion efficiency of 45% for power-to-petrol is 
assumed. For the primary energy demand of renewable power a factor of 0.12 MJ/MJ 
based on offshore wind facilities according to [JEC, 2014c] is assumed. Primary energy 
demand for PtX on a well-to-wheel basis is than 2.5 MJ/MJ and for BEVs is 1.1 MJ/MJ. 
Maximum potentials for renewable power generation in Cyprus are estimated to account 
for ~3 TWh per year for 2030 or ~50% of power supply [JRC, 2016]. Today, the total elec-
tricity demand, including all sectors is ~ 4 TWh per year [EAC, 2016]. 

The demand for renewable electricity for each scenario is given in Figure 35. Considering 
the final fuel demand of the scenarios without PtX fuels, the electricity demand for EVs is 
very low compared to today’s electricity consumption and much lower than the RES po-
tentials (the maximum is ~0.5 TWh for scenario C in 2050). However, a substitution of 
fossil petrol or diesel by renewable PtX to reach the GHG targets would drastically increase 
the primary electricity demand by 2030 and 2050. In 2050, in the reference scenario ~ 12 
TWh, more than today’s demand for all sectors would be needed. In Scenario C, which has 
the lowest final energy demand and highest share of EVs, the demand still exceeds 6 TWh, 
while the current electricity demands accounts to 4 TWh. 

  

Figure 35: Annual primary electricity demand from RES needed to fill the gap to the GHG reduction targets via PtX 

Consequently, long-term GHG emission reductions for transport are very challenging. The 
EU targets can only be reached if other non-ETS sectors contribute significantly more to 
GHG reduction than transport. If the assumed targets are to be reached in transport sec-
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tor, both additional improvements in energy efficiency or additional amounts of renewa-
ble power or fuels (domestic production or imports) will be needed. 

5.3.4 Summary and outlook 

Figure 36 gives an overview of the main fuels and technologies used in the scenario and 
their effects to reach the environmental goals for 2020, 2030 and 2050. 

It is shown that the 2020 targets for RED and FQD can be reached by using biodiesel and 
bio-ETBE blends as described for Scenario C. Additionally, 25% of the bus fleet running on 
B100 would close the gap to reach 10% RES for transport. It must nevertheless be noted 
that in the context of the FQD, Member States shall designate the supplier responsible for 
monitoring and reporting life cycle greenhouse gas emissions per unit of energy. The sup-
pliers should take the responsibility of achieving this goal, not the Member States them-
selves. 

From 2030 onwards the decarbonisation of transport is a major challenge. Due to the slow 
uptake of alternative fuels and RES until 2030, only -7% of road transport GHG emissions 
compared to 2005 can be reduced in the most ambitious of the scenarios. Hence, to reach 
-24% GHG reduction a massive use of RES, most probably PtX or further measures to re-
duce the final energy demand would be necessary. When elaborating on technical 
measures, here power-to-petrol, the high electricity demand resulting from the scenario 
poses several risks such as insufficient renewable electricity potential or high costs. There-
fore an optimum long term strategy would need to include a bundle of levers with ambi-
tious technical improvements but also with policies to decrease transport demand or to 
shift to more energy efficient systems (e.g. public busses). Follow-up activities and studies 
might help to give a more detailed picture on additional levers or on technologies which 
were not analysed in details here, e.g. hydrogen. 

 

Figure 36: Achievement of the RES goals based on scenario C and additional measures considered within this project 

5.4 Costs of the scenarios for the society 
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This section aims at enlightening the costs associated with the development of e-mobility 
and CNG in the transport sector. The costs are assessed for biofuels, e-mobility and CNG 
independently for the two scenarios and then added up to show the cost per scenario. 

Both scenarios depict a shift towards a new technology. This means that considerable 
investments will be necessary at the beginning to lay down the necessary foundations i.e. 
CNG and e-mobility. These costs consist in infrastructure and vehicle CAPEX as well as 
OPEX for the infrastructure and the vehicle (i.e. maintenance). The OPEX savings derived 
from a lower energy demand and lower energy prices should counterbalance the invest-
ment costs in the long run.  

In the case of scenario B, CNG is preferred and e-mobility stays at a relatively low level of 
penetration as described in 5.2.5 Scenario definition: uptake of alternative fuel vehicles. 
On the contrary the penetration of CNG is slower in Scenario C and e-mobility should be 
actively favoured after 2020 as shown in Table 20. This leads to higher GHG emission sav-
ings in Scenario C by 2050 i.e. 30% compared to 22% for scenario B. 

Table 20: Share in new registrations of alternative cars for the two scenarios from 2020-2050 

Passenger 
cars 

Scenario B Scenario C 

 CNG BEV/ PHEV CNG BEV/ PHEV 

2020 5% 0.1% 0% 3% 

2030 10% 5.0% 10% 20% 

2040 20% 20.0% 10% 40% 

2050 30% 40.0% 10% 60% 

 

All prices are real prices, if not otherwise mentioned. The infrastructure for both technolo-
gies is assumed to have a life span sufficient for the entire timeframe, considering that 
most of it is built after 2030. 

5.4.1 Common parameters for Scenario B and C 

Several parameters are similar for all scenarios and are independent of the level of pene-
tration of alternative vehicles. It is the case for: 

 The social discount rate, defined at 3.9% as recommended in [Steinbach,  Staniaszek, 
2015] for SCBA 

 Energy price i.e. prices for petrol and diesel are based on the "New Policies Scenario" of 
the IEA World Energy Outlook 2016 and CNG prices are defined in consistence with the 
IEA scenario thanks to the Osmosys model 

 The incremental price of CNG and electric vehicles 

 The price of charging stations and CNG refuelling stations 
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5.4.1.1 Social discount rate 

The discount rate is one of the main components of the discounted cash flow calculation, 
an equation that determines how much a series of future cash flows is worth today. The 

value of money tomorrow is lower than the one it as today due to the inflation as well as 
the uncertainty and the risk linked to any investment in the future. 

Generally market interest rates reflect individual rather than societal time preferences. 
That is why [Steinbach, Staniaszek, 2015] calculate the social rate of time preference based 
on the so-called Ramsey formula1. According to the same source: “With regard to the eco-
nomic development in Europe with an average growth rate between 1 and 2% in the last 
ten years, a range of social discount rates between 0.5% and 6.9% can be justified based 
on this method using the estimators derived in empirical studies. For a GDP growth of 2% 
per year, the discount rate would be 3.9%” The latter is used for the present economic 
assessment. Private investments would be in a normal cost benefit analysis much more 
discounted, for example PRIMES uses rates of 9.5% for trucks and 11% for cars.   

5.4.1.2 Energy prices 

Within the present report, prices of petroleum products for Cyprus are based on Eurostat 
data without VAT and taxes. The energy system of Cyprus is almost entirely dependent on 
oil products, hence retail fuel prices – in the absence of changes on energy taxes – will 
change in the future in line with the evolution of international crude oil prices. The latter 
are assumed to develop in line with the central scenario (“New Policies Scenario”) of the 
International Energy Agency’s World Energy Outlook 2016, which was published in No-
vember 2016 (IEA, 2016). According to the IEA’s forecast, crude oil price is expected to 
rebound from its current quite low levels of $40-50 per barrel, and reach $79 per barrel in 
2020 (at constant prices of year 2015), with a further increasing trend in later years, to 
$111 in 2030 and $124 in 2040. For the purpose of this study we extrapolated IEA’s trend 
up to 2050, which leads to a crude oil price of $137 per barrel (at 2015 prices). 

Natural gas prices for CNG vehicles were based on assumptions made by a parallel study 
conducted by MECIT with CERA and DEFA for the power generation sector of Cyprus, using 
the open-source Osemosys model. Price projections from MECIT's "High Gas Price Scenar-
io" of this study were used, because they are consistent with the above mentioned IEA's 
oil price forecasts. They assume an increase in natural gas prices of app. 88% from 2020 to 
2040 which is higher than the price increase of the WEO 2016 forecast (app. 60%). 

The future evolution of electricity prices is crucial for the penetration of electric vehicles in 
the transport system. As these prices depend on power generation costs in scenarios B 
and C, it was assumed that natural gas is used for power generation from 2019 on. In line 
with MECIT recommendations, electricity price forecast for low-voltage consumers was 
adopted, as it is expected that electricity for transport modes will follow the tariffs for 
residential consumers. The growth rates for the costs of power generation provided by 
MECIT are used to project electricity prices until 2050. As this growth is only based on 
power generation costs, it is assumed that the real growth rate represent only half of 

–––––––––––––––– 
1
 It is composed of the utility discount rate reflecting pure time preference, the elasticity of the marginal 

utility of consumption and the long-term average of real GDP growth per capita 

https://www.fool.com/investing/beginning/how-to-value-stocks-cash-flow-based-valuations.aspx
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these in order to take incompressible costs into account (i.e. network, administrations 
costs etc.). 

The transport fuel prices used for Cyprus are presented in 

 

Figure 37 and displayed in Table 21. Diesel remains slightly cheaper than petrol overtime. 
The cheapest option based on calorific value is gas and electricity is the most expensive 
energy.  

 

Figure 37: Energy prices used in Scenario B and C in €/MJ 
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Table 21: Fuel prices without tax by 2050 

Fuel €/MJ 2017 2020 2030 2040 2050 

CNG 0.007 0.010 0.014 0.019 0.021 

Petrol 0.018 0.023 0.032 0.036 0.040 

Diesel 0.016 0.021 0.029 0.032 0.036 

Electricity 0.045 0.051 0.054 0.057 0.055 

 

Nevertheless if natural gas remains the cheapest option based on the average consump-
tion of a medium car, the picture looks different for the other energy sources. Indeed e-
cars efficiency is higher than conventional fuels i.e. BEVs consume tank-to-wheel (TTW) 
~2.5 time less energy than petrol vehicles. This gap compensates the price delta per MJ, 
making e-cars cheaper as diesel or petrol (see Table 22).  

Table 22: Comparison of energy costs for a medium passenger car built in 2020 

Engine type Energy type Average con-
sumption 

Energy price 
(2030) 

Av. energy costs in 2030  
(excl. infrastructure costs) 

Petrol Petrol 217 MJ/100km 0.032 €/MJ 6.9 €/100 km 

Hybrid Petrol Petrol 186 MJ/100km 0.032 €/MJ 6.0 €/100 km 

Diesel Diesel 192 MJ/100km 0.029 €/MJ 5.7 €/100 km 

PHEV Petrol Petrol/Electricity* 124 MJ/100km (s. Petrol/BEV) 5.2 €/100 km 

LPG LPG 224 MJ/100km (0.023 €/MJ)** 5.1 €/100 km 

BEV Electricity 85 MJ/100km 0.054 €/MJ 4.6 €/100 km 

CNG Natural gas 227 MJ/100km 0.014 €/MJ 3.2 €/100 km 

Note: *Average share of Petrol:Electricity for PHEV is 55:45 in final energy consumption (based on [ifeu, 
2016]), **LPG costs are assumed to be 28% lower than petrol (based on [KTH, 2017]). The average energy 
lsoses for EVs are assumed to be 10% [ifeu, 2011]. 

 

Due to stable electricity prices but increasing oil and gas prices, e-cars are considered to 
become more cost efficient after 2030. However, high penetration of e-mobility should go 
hand in hand with high penetration of RES to substantially contribute to Cyprus’ environ-
mental goals (especially GHG reduction). And in different scenarios from other studies, e.g. 
IRENA, high penetration of RES may lead to higher electricity prices in the first years. Final-
ly, it should be mentioned that all energy price forecasts include high uncertainties. 

5.4.1.3 Costs of electric mobility 

CAPEX and OPEX for E-infrastructure 
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The incremental CAPEX is based on the conservative hypothesis that no refuelling station 
is replaced by charging stations. If the hypothesis is currently true, once enough EVs have 
replaced ICE vehicles, the number of refuelling stations should drop in favour of the e-
infrastructure. But this effect is too uncertain to be quantified.   

The first parameters to calculate the CAPEX is the number of stations to be built. Currently 
18 AC double charging stations are distributed throughout Cyprus, covering all the main 
urban areas. No DC infrastructure is yet available.  

The number of DC as well as AC stations necessary to supply the number of e-vehicles on 
the road is in both scenarios calculated based on the assumptions given in [UBA, 2016b]: 

 70% of EV users are charging at home: only 30% use public AC charging stations  

 All users are potentially using DC charging stations mainly located on highways 

The number of vehicles that can be supplied by one charging point is given in Table 23. The 
number of vehicles for AC charging stations are derived from the number of loadings re-
quired per week and the battery capacity i.e. smaller cars need to charge more often 
(overall e-cars must charge every 5 to 10 days). 9 small cars can therefore share one single 
charging point compared with 18 big cars. On the contrary the number of cars that can 
charge at one DC station is calculated thanks to the time necessary to charge a car, assum-
ing that the vehicle leaves after loading. The assumed charging time is 5 to 12 minutes 
depending on the size of the car. 

Table 23: Number of vehicles per AC and DC charging points 

 BEVs AC BEVs DC PHEVs AC 

Small car 9 1,100 4 

Middle car 9 1,100 4 

Big cars 18 550 4 
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The second parameter impacting the infrastructure CAPEX is the price of one charging 
station. It is taken out of  [Nationale Plattform Elektromobilität, 2015]. As shown in Figure 
38 the current cost of an AC charging station with 2 charging points is slightly less than 
9,000 € while DC stations cost 30,000 € (with 1 charging point), including connection to the 
grid1. The costs are expected to decrease until 2020 by about 10% per year and stabilise 
afterwards as shown in [Nationale Plattform Elektromobilität, 2015]). 
 

 

Source: [Nationale Plattform Elektromobilität, 2015] 
Figure 38: Real CAPEX of charging infrastructure 

Incremental CAPEX for EVs 

On the other hand the incremental costs of the EVs are calculated based on the costs com-
ing from the electric components. These include battery costs, the hardware, the connec-
tion to the grid, the planning and the montage. Battery costs are expected to continue 
soaring until 2030 but then it is assumed that they remain stable at 120 €/kWh as shown in 
Figure 39. This approach enables to reduce the variations occurring with pricing strategies 
and market force i.e. only the cost of the technology have an impact on the incremental 
vehicle CAPEX The battery capacity of electric vehicles are defined based on the average 
battery capacity of the vehicles currently present of the market as given by ADAC i.e. for 
small cars a battery pack of 24 kWh (theoretical range of 160 km), 26 kWh (range of 240 
km) for medium cars and 63 kWh (range of 420 km) for big cars (derived from [Wolfram, 
Lutsey, 2016]). It is assumed that that battery density will increase leading to a higher 
range but a stable battery capacity. 

–––––––––––––––– 
1
 Some producers start proposing stand-alone charging stations powered with 100% RES (for example 

solar panels). This could be an interesting option for Cyprus, as the share of RES in the electricity mix is 
limited. Fastned in the Netherlands is one of the front runners in this field. 
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Based on the parameter defined above, the incremental cost of an EV is shown in Figure 
39.

 

Source: ifeu assumptions based on  [Wolfram, Lutsey, 2016] 
Figure 39: Incremental prices for e-cars and related battery prices 

The OPEX for electro mobility 

OPEX are composed of energy savings (difference between fuel costs for petrol and diesel 
cars per km driven and electricity costs for EVs) and infrastructure maintenance costs, 
which are derived from [Nationale Plattform Elektromobilität, 2015]. They are displayed in 
Table 24. The costs decrease until 2020 by 13% per year and stay constant afterwards 

Table 24: Yearly OPEX pro public charging points in real € 

Charging capacity  2017 2018 2019 2020+ 

>3,7 kW 758 660 574 500 

11 or 22 kW 1,137 990 862 750 

DC 50 kW 2,274 1,979 1,723 1,500 

5.4.1.4 Costs of CNG 

Infrastructure CAPEX for CNG  

Currently there is no CNG infrastructure in Cyprus. Two options are therefore possible:  

 a network of pipelines  

 refuelling with trucks (virtual pipeline)  
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The latter option is preferred because of the high costs of a pipeline infrastructure and the 
small distances to be covered by trucks thanks to the limited area of the island. Neverthe-
less if NG pipelines are required in other sectors such as energy, a real pipeline network 
may make sense as costs should be redistributed between different sectors. 

Prerequisites to process natural gas arriving by ship on Cyprus are both a loading terminal 
and compression and injection stations. The corresponding CAPEX would amount to about 
1.5 million €, as presented in a case study in [KANTOR, 2014]. But this estimate is based on 
a lower CNG demand than in the present scenarios. A higher value should therefore be 
expected when a precise cost assessment is carried out for example for a feasibility study. 
An alternative could also consists in using LNG for which storage facilities in Limassol 
should be available for maritime ships by 2025 as required by the DAFI. In the virtual pipe-
line option considered here, the costs of transporting NG from the loading terminal to the 
fuel stations containers and transport trailers are taken into account. A total CAPEX of 
642,000 € is required for CNG trailers in order to cover an annual demand of 30 TWh ac-
cording to [KANTOR, 2014]. The exact number of CNG trailers required is calculated for 
each scenario based on the overall CNG demand. 

Finally, the CAPEX of CNG fuel stations is given in [KANTOR, 2014] as 297,500 € plus addi-
tional costs of 38,500 € for unloading terminals. These prices are valid for a delivered gas 
quantity of 2,000 kg per day and station, which is designed for the demand in 2050 i.e. the 
CAPEX by refuelling station could be lower at the beginning.1 The real investment cost of 
CNG stations diminishes thanks to technological progress (see Figure 40) until it reaches 
78% of the initial value in 2050 [UBA, 2016b].  

 

Figure 40: CAPEX of CNG refuelling stations 

Incremental CAPEX for CNG vehicles 

The average incremental price for CNG cars compared to conventional cars ranges be-
tween 1,100 € and 2,700 € (without tax) [ADAC, 2017] depending on the size of the car 
(small/medium/big) as shown in Figure 41. It must be mentioned that diesel cars have a 
higher investment cost than petrol cars. Knowing that the proportion of diesel cars in the 
total car fleet increases over time in Scenarios B and C, the total incremental investment 
costs of CNG vehicles diminishes therefore also over time. 

–––––––––––––––– 
1
 2,000 kg/station/day is the highest demand for CNG resulting from Scenario B and C   
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Figure 41: Incremental price of CNG cars compared to conventional cars 

OPEX for CNG  

The OPEX of the virtual supply chain amounts to 1.46 €/TJ according to [KANTOR, 2014]. In 
this source CAPEX and OPEX for CNG stations of different sizes are given, see Table 25. 
Taking an average supply of 2,000 kg/day/station gives an OPEX of 3.3 €/TJ. It is assumed 
tha OPEX stay constant over time. It is important to mention that the initial OPEX of the 
CNG stations might be more expensive per energy unit since the demand (TJ/day) may be 
lower (CNG consumption is then limited) at the beginning due to a low penetration of CNG 
cars.  

Table 25: CAPEX and OPEX for different size of refuelling station 

Size [kg/d] CAPEX [€] OPEX [€/TJ] 

500 200,000 5.8 

1,000 250,000 3.4 

2,000 297,500 3.3 

5,000 440,000 2.0 

10,000 880,000 1.7 

Source: [KANTOR, 2014], CAPEX and OPEX for 2000 kg/d based on own interpolation 

5.4.2 Costs for Biofuel blends 

Both e-mobility and CNG require long-term investments and are analysed as long term 
solutions towards an environmental and economically sustainable transport system. On 
the contrary the short-term solution favoured in both scenario B and C is relying on biofu-
els to achieve the RED and FQD target of 2020 with a phase out towards 2030.  
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The cost of biofuels is entirely derived from the price of biodiesel and bioethanol (used in 
the form of ETBE). There is no infrastructure cost or vehicle costs as the current refuelling 
stations would be kept and all vehicles can use B7 or ETBE (equivalent to E5) without re-
striction. There are blending facilities in Cyprus, but most of the oil companies prefer to 
import diesel blended with biodiesel. Only one oil company blends imported biodiesel with 
diesel to its own terminal (source: internal information from MECIT).  

The costs of the fuels were derived from the information delivered by MECIT. Based on 
prices quoted on 16/2/2017, the cost of product at the refinery gate is: 498 $/MT for Die-
sel EN 590 with no biofuels and 1,142 US $/MT of Biodiesel EN 14214 for single counting 
product which will be blended at 7% by volume and 1,583 $/MT for double counting. This 
means that the delta in the premium of Single Counting Biodiesel (7%) vs. conventional 
Diesel is about 45 US $/MT (historical average) and the delta of double counting biodiesel 
(7%) vs. Non-Bio Diesel is about 76 US $/MT. On top the premium and blending costs for 
biofuel are considered to be 0.17 €/l. Current and future fuel prices for Cyprus are indexed 
on the price of conventional fuels as described in 5.4.1.2. This means that biodiesel single 
counting (first generation i.e. FAME) is increasing from 1.3 €/l in 2017 to 2.4€/l in 2030 and 
double counting biodiesel amounts to 1.8 €/l in 2017 and 3.3€/l in 2030 (prices without 
duty and tax). The prices of HVO are assumed to be similar since no precise information 
could be found on the delta1. 

No literature has been found on the price of ETBE (which contains 47% of bioethanol) in 
Cyprus and no price are available through the oil industry currently exporting fuels to Cy-
prus as the supply of ETBE has not yet started. The assessment is therefore based on in-
formation gathered during a workshop in Cyprus on 6.04.2017, during which the price of 
bioethanol was assessed to be twice the one of gasoline, which leads to a current price of 
1,10 € per litre of biofuel consumed (without excise duty and tax) up to 2€/l in 2030. 

The incremental amount of biofuel consumed (in comparison with the reference scenario 
and according to the feedstock) is summarised in the table below. The costs of the two 
biofuel scenarios are calculated based on this input up to 2030 taking into account the RED 
II proposal developed by the EU. 

–––––––––––––––– 
1
 In average, HVO is more expensive than biodiesel, but due to the range of prices the uncertainty is high 
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Table 26: Amount of incremental biofuel according to feedstock in Scenario B and C in comparison with the Reference Scenario 

in ktoe 2017 2020 2030 

Type of biofuel Sc B Sc C Sc B   Sc C Sc B Sc C 

FAME from first generation 0 0 1.6 2.9 0 0 

FAME from UCO 0 0 3.2 10.9 0 0 

FAME from second generation   0 0 5 2.5 

HVO from first generation   1.5 0 1.2 3.8 

HVO from UCO   0 4.4 0 0 

HVO from second generation   0 0 5 3.8 

ETBE 47% ethanol from first generation   0 9.6 0 0 

ETBE 47% ethanol from second generation   0 1.1 0 0 

Total biofuel 0 0 6.3 25.1 11 10 

 

This input leads to a cumulative incremental cost 18 M€ by 2020 and 177 M€ in the period 
2020-2030 in Scenario B. In Scenario C the costs reach 57 M€ and 284.8 M€ respectively. 
This represents an incremental price of in average 1.2€ per litre of biofuel consumed based 
on the net discounted energy costs until 2030. As shown below in Figure 42 the yearly 
incremental costs increase over the year in Scenario B due to: 

 the incremental amount of biofuel required in Scenario B compared to the Refer-
ence Scenario i.e. from 6 to 11 ktoe between 2020 and 2030 and there is contrary 
to scenario C no peak to achieve the environmental goals in 2020 

 the overall increase of the biofuel prices in accordance with conventional fuel 
prices 

 the switch from first generation to second generation biofuels which are more 
pricy 

On the country in Scenario B the peak of the yearly incremental cost is reached in 2020 
with a total of 25 incremental ktoe biofuel, helping to achieve the RED and FQD goals, but 
decreases heavily until 2030 in order to phase out biofuel, as other more efficient technol-
ogies are developed e.g. e-mobility. 
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Figure 42: OPEX of introducing B7 and ETBE in Cyprus for the two scenarios 

It is necessary to underline the fact that biofuels prices are subject to high uncertainties 
and they will probably heavily depend on the price equilibrium on the market, the specific 
supply of Cyprus, the possibility to produce local biofuels and the technological develop-
ment for fuels of the second and third generations. In the short-term, the additional OPEX 
(energy price) needs to be distributed between the government through energy tax poli-
cies and car users under the polluter pays principle (see chapter 7).  

5.4.3 Cost of B100 buses 

In Scenario C the RED and FQD goals are achieved thanks to the introduction of B100 buses 
in half of the fleet to reach an equivalent of 20 ktoe biofuel consumption by 2020 until 
2029. The reasoning is that the full implementation of this measure is required for 2020 to 
achieve the RED and FQD goals and as the infrastructure is available, it should continue 
running after 2020 on B100. Nevertheless by 2030 the current version of the RED II indi-
cates a decrease in the use of biofuel and old busses, which can be operated with B100 
without technical adaptions, should be slowly scrapped. Therefore, B100 is likely to be 
replaced by more energy efficient technologies such as e-busses after 2030. 
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The only CAPEX considered are linked to the infrastructure with the retrofitting or building 
a B100 fuel pumps at the depots i.e. app. 28,500€ each. No incremental vehicle costs are 
considered as B100 could be used in old busses as mentioned in [GREATER LONDON AU-
THORITY, 2015] (more than 50% of the fleet is older than 10 years). If a feasibility study is 
to be planned for B100 buses, a discussion with all the bus providers should be carried out 
in order to find out if further costs, e.g. for retrofit, maintenance or warranty have to be 
considered. In total the infrastructure costs amount to around 290,000€. This is based on 
the assumption that 10 pumps need to be built to supply B100 to approximately half of the 
bus fleet in Cyprus1. 

Apart from the incremental infrastructure CAPEX, the incremental OPEX are also calculat-
ed. They are composed of energy costs only, all other costs are assumed to be approxi-
mately equal to the one for diesel buses e.g. maintenance. It is assumed that half of the 
biodiesel is of the first generation and the other half of the second generation. The prices 
are the same as for the precedent chapter assessing biofuel costs. 

It leads to a discounted net cash flow of 241.3 M€ from 2017 to 2030. There is no return 
on investment possible because there is no energy or cost savings.  

 

Figure 43: Incremental CAPEX and OPEX for B100 buses in Scenario C 

As seen in Figure 43 the CAPEX peak in 2018-2020 so that the infrastructure is in place 
when the entire B100 bus fleet is running in 2020. These costs are nevertheless very low in 
comparison with energy costs i.e. OPEX, which increase subsequently until 2030 as the 
consumption of fuel stays stable but the biodiesel prices increases at the same pace as 
conventional diesel. When the net discounted cash flow is indexed on the B100 fuel con-
sumption, it represents an average incremental price of 0.9 € per litre of pure biodiesel 
consumed.  

–––––––––––––––– 
1
 Taking into account that 1200 B100 busses are used of which 50% would need to refuel every day and 

refuelling time is ~10 min. Assumptions on B100 operation base on [GREATER LONDON AUTHORITY, 
2015] 
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5.4.4 Cost of electro-mobility in Scenarios B and C 

Within the report the costs for electro mobility are analysed only for private cars which 
make up the large majority of the total energy consumption. For Scenario B no minimum 
coverage is considered because AC stations are sufficient to enable a low uptake of e-
mobility and reduce therefore the necessary investment. On the contrary a minimum geo-
graphical coverage to enable recharging the cars on the highways (a network which is cur-
rently not existing) is required in the context of a strong push of e-mobility - as assumed in 
scenario C. Considering the highway network shown in Table 27 a minimum coverage of 10 
DC stations is considered by 2023: 8 would be located near the cities cited in Figure 35 and 
2 located on the longest highway namely Limassol-Nicosia.  

Table 27: Current highway network in Cyprus 

Route App. Length Highway 

Paphos-Polis 40km A7 in planning 

Paphos-Limassol 70 km A6 

Limassol-Larnaca 70 km A1-A5 

Larnaca-Nicosia 50 km A2-A1 

Limassol-Nicosia 90 km A1 

Larnaca airport-Ayia Napa 60 km  A3 

Larnaca-Larnaca airport 6km  A4 

Nicosia-Astromeritis 40 km A9 (under construc-
tion)  

The resulting number of charging points compared to the EVs fleet is shown in Figure 44. 
In both scenarios the construction of charging points takes up after 2020. From 2020 to 
2030 approximately 400 charging stations (assuming 2 points per station for AC) should be 
built for scenario B against 488 for scenario C. Comparing with Germany, the officially 
target is 1 million e-cars by 2020 and it plans to build 15,000 stations by this time. The 
share of private charging points (generally named wall box) is the highest as 70% of the 
EVs users are assumed to charge at home, which gives: 8,660 household equipped for 
12,380 e-cars in scenario B and 12,150 households for 17,350 e-cars in scenario C by 2030. 
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Figure 44: Charging infrastructure compared with the total number of e-cars 

When the number of stations and the number of vehicles are translated into prices it is 
noticeable that vehicles are the largest financial burden, making up around 85% of the 
overall CAPEX as seen in Table 29and Table 30. This is due to the incremental costs of EVs 
and PHEVs and the strong increase of the total EV fleet as shown in Table 28. 

Table 28: EVs fleet 
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BEVS and PHEVs Fleet in 2020 2030 2040 2050 

Scenario B BEVs 173 4,453 18,206 53,110 

Scenario B PHEVs 80 4,327 18,135 53,110 

Scenario C BEVs 173 10,913 48,255 109,006 

Scenario C PHEVs 80 10,786 48,184 109,006 

 

The occurring costs are not attributed to private and public sectors in the context of the 
SCBA but it may be interesting to consider the effect when planning the budget of public 
funding of e-mobility. The difference between the two scenarios is mainly due to the 
difference in vehicles fleet. Moreover 60% of the infrastructure CAPEX is carried by private 
users. This means that private users must bear between 93% and 95% of the total CAPEX 
of introducing e-mobility. On the contrary, even assuming the public charging infrastruc-
ture is 100% publicly funded it would represent only between 5 and 7% of the total in-
vestment. In these circumstances it is clear that public subsidies are necessary to compen-
sate in the short-term the financial burden of developing e-mobility.  

The OPEX and the CAPEX are presented in the tables below: Table 29 and Table 30 by time 
period, showing that the OPEX savings (negative in the tables) are increasing over time and 
in the period 2040-2050 entirely compensate the CAPEX, meaning that the technology is 
financially beneficial. 

Table 29: Total CAPEX and OPEX divided by sector for Scenario B for E-cars 

 2017-2020 2021-2030 

3.5  

 7.4   

2031-2040 2041-
2050 

Infrastructure CAPEX M€ 
Public 0.004 1.7 5.8  14.5 

Private 0.1 4.1 11.6  25.6  

Vehicle incremental CAPEX M€ 3.8 41.6 112.6    269.3 

OPEX M€ (negative=savings) -0.05 -9 -64.4 -259.5 

 

Table 30: Total CAPEX and OPEX divided by sector for Scenario C for E-cars 

 2017-2020 2021-2030 

3.5  

 7.4   

2031-2040 2041-
2050 

Infrastructure CAPEX M€ 
Public 0.01 4.3 15.5 25.2 

Private 0.01 10.4 31.4  44.6  

Vehicle incremental CAPEX M€ 3.8 120.2 259.4 437.2 

OPEX M€ (negative=savings) -0.02 -19.3 -161.3 -578.8 

 

The discounted net cash flow (CAPEX minus OPEX i.e. investment minus savings, discount-
ed) decreases for both scenarios from the beginning i.e. savings are increasing faster than 
costs. Despite a much higher investment in scenario C, (in total 530 M€ in Scenario B vs 
961 M€ in Scenario C between 2017 and 2050) the amount of savings to be expected is 
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much higher than for Scenario B i.e. 333 M€ vs. 760 M€. The effect on the discounted net 
cash flow can be seen in Figure 45 where it is negative (indicating that the savings out-
weigh the costs) from 2044 on in Scenario C but only 5 years after in Scenario B. This 
means nevertheless that in both cases the technology is beneficial for the society in the 
long term.  

 

 

Figure 45 CAPEX, OPEX and discounted net cash flow of e-cars fpr Scenario B and C 

5.4.5 Cost of CNG in Scenarios B and C 

A minimum coverage must be secured to enable CNG vehicles to be driven through the 
entire country. Hence, one CNG fuel station is installed in the six biggest cities. Additional-
ly, CNG fuel stations are planned for the six most important highways (both ways). Conse-
quently, the target value is 18 fuel stations till 2020 to cover the initial demand (which is a 
similar number to the LPG stations planned as of today). After this initial goal the growth 
rate depends on the CNG fleet. In the start-up phase a relatively small number of CNG 
vehicles are supplied by one CNG station i.e. 90 CNG vehicles per station, which corre-
sponds to the current coverage in Germany. However, this ratio is considered as relatively 
low and thus a linear growth is assumed until an efficient ratio is reached with 980 vehicles 
per station in 2050 which would refer to an optimum occupancy rate for the given capacity 
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per station of 2000 kg/day. Figure 46 shows the estimated increase of CNG stations com-
pared to the CNG car fleet installed in Cyprus by 2050. 

 

 

Figure 46: Number of CNG fuel stations 

Table 31 and Table 32 display the CAPEX and OPEX for the two scenarios, which have simi-
lar trends until 2030: approximately 12 M€ should be invested in the CNG infrastructure 
and already 20 M€ in vehicles. After 2030 the uptake of CNG leads to a quick increase of 
the vehicles incremental CAPEX (until 2050 in Scenario B). In 2050 the total CAPEX sums up 
to 272.4 M€ and 164.5 M€ for scenario B and scenario C respectively.  

The OPEX is the sum of the energy savings (lower energy costs of CNG compared to con-
ventional fuels) and the operation costs of the infrastructure.  

Table 31: Total CAPEX and OPEX in € divided by sector for Scenario B for CNG cars 

  2017-2020 

5.1  

7.3  

 2021-2030  2031-2030 2031-2040 

2041-2050 
Infrastructure 
CAPEX Mio€ 

Virtual pipeline 2.8 2.2 9.4  13.2 

Fuel stations 5.2 2.1 10.9  9.8  

Vehicle incremental CAPEX in 
Mio€ 

0.1 19.6 66.4     130.2  

OPEX Mio€ (negative=savings) -0.02 -19 -142  -438 
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Table 32: Total CAPEX and OPEX in € divided by sector for Scenario C for CNG cars 

  2017-2020 

5.1 

7.3 

2021-2030 

13 

2031-2040 2041-2050 

Infrastructure 
CAPEX Mio€ 

Virtual pipeline 2.8 2.2 7 5.4 

Fuel stations 5.2 2.1 7.7 1.9 

Vehicle incremental CAPEX Mio€ 0.1 19.6 50.4 60 

OPEX Mio€ negative=savings) -0.02 -19 -122 -290 

 

As shown in Figure 47 the CNG technology is costly for the society in the market entry 
phase, especially before 2020 when the infrastructure has to be built up. After 2030 it 
becomes beneficial for both Scenarios B and C when the net cash flow starts to be nega-
tive as savings outweigh costs. 

 

Figure 47 CAPEX, OPEX and discounted net cash flow for CNG in both Scenarios  
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5.4.6 Comparison of the overall costs of the two scenarios 

In order to compare the technologies and their impact in the scenarios, the net discounted 
cash flow in € (CAPEX-OPEX and then discounted) is divided per unit of alternative energy 
i.e. of electricity consumed in MJ. Additionally the contribution of each technology to the 
RED target in 2020 is analysed by comparing the net discounted cash flow to the share of 
RES achieved thanks to the technology. 

As shown in Table 33, the most cost efficient technologies in order to achieve the RED 
target by 2020 are biofuels: (ranked by efficiency €/%RES RED) B100, B7/HVO and ETBE. 
Biofuels are also the only technologies with a relevant potential in substituting fossil fuels 
until 2020 because they do not require changing the vehicle fleet. E-mobility is costly as it 
requires first to build the infrastructure and the number of vehicle is not high enough to 
bring OPEX savings. And even if the share of renewable electricity can be counted 5 times 
according to RED, the penetration of EVs are still too low in 2020 to have a noticeable 
impact1. CNG and LPG have a limited contribution to RED since there share is not consid-
ered renewable but only as substitute to petrol or diesel. Moreover, technically speaking it 
might be unlikely to reach a relevant number of such vehicles until 2020 as there are no 
CNG and very few LPG cars yet.  

The fact that B100 is cheaper than B7/HVO is explained by the type of feedstock consid-
ered: B100 relies for half of it on 1st generation biofuel while 60% of the biofuel is coming 
from second generation feedstocks in Scenario C. The relatively low price of ETBE per MJ is 
due to fuel prices. Indeed based on oral information of oil companies the price of ethanol 
is twice the cost of petrol; while for biodiesel it more than doubles compared with diesel. 
The costs could therefore be quite different once the exact costs of importing ETBE are 
analysed together with the oil industry (including supply chain, retailers, transport etc). 
But looking at the environmental benefits compared to the costs they are lower than bio-
diesel because ETBE contains only 47% bioethanol which is mainly produced from food 
based feedstock, therefore having a small contribution to RES. 

Table 33: Net discounted cash flow of the different technologies per MJ of alternative energy by 2020 

Fuel €/MJ (2017-2020) €/ % RES RED Total % RES RED in 
Sc. C 

Multiplier for 
RED* 

B100 0,0269 0,018 4,9% 1,5 

B7/HVO 0,0439 0,022 6,6% 2.0 

ETBE 0,0246 0,052 1.9% 0,473 

Electricity 0,5449 0,838 0,1% 0,65 

Note: The €/%RES RED gives the price per % of RES gained (calculated according to the RED methodology) 
when achieving the share of RES indicated in the third column. * The multiplier is based on the assumed 
primary energy mix (1 for food-based biofuels, 2 for non-food based biofuels and 5 for renewable electric-
ity). Note: ETBE contains 42% bio-ethanol (90% food, 10% non-food), electricity represents the country 
mix with a share of 14.6% renewable sources (Source: MECIT). 

 

–––––––––––––––– 
1
 14.6% in the electricity mix were assumed based on MECIT –KTH study 
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In the long term until 2050, e-mobility is one of the economically1 most efficient technolo-
gies just after CNG, followed by ETBE, B100 and B7. This is due to the high OPEX savings 
achieved thanks to electro mobility (through energy efficiency) and CNG compared to 
diesel and gasoline. On the other hand, the prices for all biofuels are assumed to remain 
higher than their fossil substitutes, offering no OPEX saving.  

Table 34: Net discounted cash flow of the different technologies per MJ of alternative energy by 2050 

Fuel €/MJ (2017-2050) 

CNG -0,0030 

Electricity 0,0074 

ETBE 0,0243 

B100 0,0268 

B7 0,0406 

Note: Data are based on Scenario C 

 

The results of the scenarios in terms of infrastructure built and EV/CNG fleet on the road is 
shown in Table 35. 

Table 35: Key figures on the infrastructure and the vehicles for CNG and E-mobility in Scenario B and C 

2017-2050 Scenario B Scenario C 

E-
m

o
b

ili
ty

 

No. of charging points 
AC 5,272 6,085 

DC 69 146 

Wall-box households equipped  113,481 152,608 

Total fleet in 2050 (PHEVs & BEVs) 106,220 218,012 

C
N

G
 

No. of refuelling stations 111 65 

No. of CNG trailer 35 21 

Capacity per station per day 2,000 kg 2,000 kg 

Total cars 108,585 62,778 

 

The result of adding the costs of CNG, e-mobility, biofuel blends and B100 buses is depict-
ed in Table 36 and Table 37. Overall Scenario C is more expensive than Scenario B due to: 

 Scenario B should be as far as possible cost efficient by relying heavily on CNG 

 Scenario C is defined as ambitious and introduces earlier alternative technologies, espe-
cially e-mobility. It also reaches the 2020 RED and FQD targets by relying on higher 
amount of biofuels as well as on B100 buses. 

–––––––––––––––– 
1
 An environmental cost efficiency e.g. based on GHG emission savings was not calculated for this period 

since it would require a life cycle GHG emission analysis which is consistent to the provided scenarios 
(considering future fuel and electricity production). This could be done in a follow up study. 
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To reach the 2020 targets and introduce alternative fuels with the provided measures in 
Scenario C, 102 million (net cash flow discounted) are needed, while biofuels account for ~ 
90% of the costs and offer no OPEX savings. 

Biofuels continue to have the highest share until 2030 even with the decrease in biofuel 
blends. The investment in CNG starts to get beneficial (annual savings outweigh costs) 
after 2030, for e-mobility after 2040 whereas the CAPEX for e-mobility are considerable 
with 4 million € until 2020 and ~135 million euro from 2020-2030 in Scenario C.  

Table 36: Economic outputs in Mio € for biofuels, electric cars and CNG cars in Scenario B 

CAPEX   2017-2020 2021-2030 2031-2040 2041-2050 

CAPEX 

  

  

  

Total            12,1                71,4             216,6             463,0     

biofuel                -                      -                      -                      -       

E-car              4,0                47,4             130,0             309,3     

CNG              8,1                23,9                86,6             153,7     

OPEX  

(negative=savings) 

  

  

  

Total            18,0             149,2          -  206,8           -697,8    

biofuel            18,1             178,0                    -                      -       

E-car          -0,05               -9,2             -64,7           -259,7    

CNG          -0,02             -19,6           -142,1           -438,0  

Discounted net cash flow            27,3             155,5                  5,8              -75    

 

Table 37: Economic outputs in Mio € for biofuels, electric cars and CNG cars in Scenario C 

CAPEX   2017-2020 2021-2030 2031-2040 2041-2050 

CAPEX 

  

  

  

  

Total            12,5             158,8             371,4             574,4     

biofuel                -                      -                      -                      -       

B100              0,3                    -                      -                      -       

E-car              4,1             134,8             306,3             506,9     

CNG              8,1                23,9                65,0                67,4     

OPEX 

 (negative=savings) 

 

  

  

  

Total         100,4             521,4            -284,3           -869,1    

biofuel            57,6             284,8                    -                      -       

B100            43,0             275,2                    -                      -       

E-car            -0,2             -19,3           -161,3           -578,8    

CNG          -0,02             -19,4           -123,0           -290,3    

Discounted net cash flow         102,3             499,7                45,3              -94,1    
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Regarding the environmental sustainability, e-mobility offers the highest efficiency in using 
renewable sources from solar or wind power (see. chapter 5.2.5). As presented in the 
analysis of this report, even the ambitious scenario C shows significant gaps towards de-
carbonisation in Cyprus transport by 2050. Therefore, the push of e-mobility together with 
the development of renewable power generation should have priority. Adequate business 
models and support schemes will be needed in the short term until e-mobility is economi-
cally beneficial. 

CNG will also rely on investments until 2030 but is a less expensive technology which is 
likely to become sooner beneficial if a large vehicle fleet is established. Due to the lower 
environmental benefits compared to e-mobility, CNG might be the better choice from an 
economic point of view only. However, in certain niches e.g. heavy duty vehicles it could 
offer a better technical feasibility. Also, in limited quantities biomethane could be used to 
reduce GHG emissions. However, this potential was not analysed in this study and might 
be the scope of further research. 
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6 The promotion and penetration of alter-
native fuels in Cypriot maritime transport 
(D 5.3) 

Currently no projection or scenarios for maritime bunkering focusing only on Cyprus are 
available. Nevertheless at the EU level maritime transport is expected to increase by 1.4% 
per year between 2010 and 2050 [European Commission, 2016a]. Applying a similar trend 
in Cyprus could mean that the importance of maritime transport grows significantly in the 
next decades since road transport grows by ~1% per year within the same period (see 
chapter 0). Thus alternative fuels in the maritime sector have a real potential to reduce oil 
import dependency and maritime emissions. 

The following sections study the use of LNG and biofuels in maritime shipping, since these 
technologies are seen as the most promising ones in the short to mid-term. Other energy 
sources such as methanol, hydrogen, electricity (shore side or battery powered ships) are 
more long-term options, which impact may be worth studying in a follow-up project. 

6.1 Plans for LNG in the context of the DAFI 

The maritime sector is heavily influenced by international trade; therefore it should be 
studied at a regional level in order to take into account influences and synergies with Cy-
pru’s neighbours. The Poseidon MED project described below is therefore considered as 
one of the main sources for the maritime strategy of Cyprus. 

6.1.1 Framework of the EU project Poseidon MED 

The EU funded project Poseidon MED I (or COSTA II east) elaborates the part of Cyprus, 
Croatia, Greece, Italy and Slovenia in supplying LNG to maritime transport in the Mediter-
ranean sea [European Commission, 2016c]. For Cyprus, one target of Poseidon MED I was 
to investigate a strategy to fulfil the DAFI requirement of providing a LNG bunker oppor-
tunity in the port of Limassol by 2025. However the results are not yet published. Accord-
ing to the European Commission1 “the specific objectives of the Action are to: 

 facilitate the adoption of the regulatory framework for the LNG bunkering; 

 design the extension of Revithoussa LNG terminal; 

 design and construct an LNG fueled specific feeder vessel; 

–––––––––––––––– 
1
 https://ec.europa.eu/inea/sites/inea/files/fiche_2014-eu-tm-0673-s_final.pdf 
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 implement technical designs and plan approvals for the retrofit/new building of LNG 
fueled vessels and for additional ports’ infrastructure for bunkering operations; 

 examine potential synergies with other uses of LNG; 

 develop a sustainable LNG trading and pricing  pattern; 

 develop financial instruments to support the port and vessel installations.” 

 The total estimated cost is 53,279,405 € of which 50% is EU funded. Involved member 
states are Greece, Cyprus and Italy (core ports; Piraeus, Patras, Heraklion, Igoumenitsa, 
Venice and Limassol, see map) [EU, 2016]. 

 

Source: [Alexandris, 2016] 
Figure 48: Ports included in the Poseidon MED II project 

Since the final report was not yet published by April 2017, the following information are 
extracted from the summary of the preliminary report for Poseidon MED I [Poseidon MED, 
n.d.]. A follow up project: Poseidon MED II will be carried out until 2020. 

6.1.2 Demand projection from 2020 to 2045 

The demand projection in [Poseidon MED, n.d.] is estimated based on the expected num-
ber and frequency of ship arrivals and their average amount of fuel bunkered in Limassol. 
While the demand should be limited to 6 LNG ships in 2020, it should increase to 62 ships 
by 2045. Each ship is supposed to arrive once per month or less frequently. By 2045 this 
would equal to roughly 600 ship arrivals per year, which is around 50% of the total ship 
calls today (~100 per month according to CPA data). The demand projection assumes that 
LNG vessels are mainly container, cruise and car vessels operating on long distance. The 
average bunker size is between ~120-500 m³ LNG per ship.  

The total annual LNG demand is estimated to rise from 14,000 m³ (9 ktoe) in 2020-2024 to 
195,000 m³ (118 ktoe) in 2042-2045. A detailed description on the methodology for the 
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LNG demand was not available at the time of this report1. However, the demand projec-
tions may be considered rather optimistic since they were estimated based on prices be-
fore the oil price drop. According to the authors2 half the amount of LNG demand may be 
considered as more realistic regarding current energy prices. Despite the uncertainty the 
potential natural gas demand for transport after 2025 is relevant. In terms of energy (in 
ktoe), the LNG demand in 2045 should be between 25 and 50% of today’s bunkering of 
HFO and MDO fuels. 

The demand in road transport in Scenario B (with focus on CNG and LNG vehicles) is much 
lower especially before 2030. A main reason for this is that replacing of existing road vehi-
cles by new registered NG vehicles takes considerable time, while existing maritime vessels 
may be also retrofitted. On the other hand, this means that the LNG supply infrastructure 
for ships could be used for road vehicles by offering the necessary pumps and adapters. 
For example, as a first niche, heavy trucks delivering goods from the port of Limassol to 
the inner island could run on LNG for ~750-1,400 km before refuelling at the port again 
[Rolande, 2015].  

 

Source LNG maritime: [Poseidon MED, n.d.]. Data in m³ LNG converted in ktoe 
Figure 49: Scenarios for potential natural gas demand in the maritime and road sector from 2020-2045 

6.1.3 LNG supply and refuelling strategy 

The port of Limassol plans to fulfil the DAFI requirements for a LNG bunker facility by 2025 
and the construction will take up between 2020 and 2025 as planned in the Poseidon MED 
project. 

–––––––––––––––– 
1
 According to recent information, both new and retrofit vessels will be analysed [Bakas, 2016]. 

2
 E-Mail from Ms Filippi from Ocean Finance on 21.03.2017 
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In the short-term LNG will be imported from the neighbouring Greek LNG terminal on 
Revithoussa island and delivered by a feeder vessel to Limassol. According to [Poseidon 
MED, n.d.] LNG will have to be delivered between 1 and 4 times a month. The storage 
facility could be an onshore LNG storage tank or an offshore Floating Storage Regasifica-
tion Unit (FSRU). It was assumed that the needed storage capacity accounts for 2,500 m³ in 
2020 and will have to be extended to 6,500 m³ by 2040. Both, truck to ship and ship to ship 
refuelling is considered as option (see option 1 and 2 in Figure 50). The bunkering vessel 
has the advantage of a high capacity of 500 m³, while trucks have a lower LNG capacity (40 
m³) but offer a high flexibility. 

 

Source: [LBST, et al., 2014], modified from GL, 2012 
Figure 50: Options for bunkering of LNG in ocean-going vessels 

The estimated supply units are summarised in Table 38. All capacities were designed to 
meet peak demands being 30% higher than the average monthly demand. 
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Table 38: Projected capacity/number of LNG supply units in Limassol between 2020 and 2045 

LNG Supply 2020-
2024 

2025-
2029 

2030-
2032 

2033-
2035 

2036-
2038 

2039-
2041 

2042-
2045 

Capacity of supplying 
LNG carriers in m³ 

3,500 3,500 3,500 6,000 6,000 6,000 6,000 

Capacity of LNG storage 
tank in m³ 

2,500 2,500 4,500 4,500 4,500 6,500 6,500 

Number of bunker ships 1 1 1 2 2 3 3 

Number of bunker trucks 2 4 4 4 4 4 6 

Source: [Poseidon MED, n.d.] 

 

6.1.4 Contribution to Cyprus energy and environmental targets 

Regarding Cyprus’ targets for a sustainable transport the use of LNG allows: 

 Reducing oil import dependency: Cyprus can diversify its energy demand by shifting 
from oil based fuels to natural gas. This reduces the dependency on specific export 
countries. The exploration of domestic natural gas offers an additional opportunity to 
reduce overall energy import dependency in the future. 

 Improving air quality: LNG ships have considerable lower NOx- and PM emissions than 
ships powered by HFO/MDO or diesel. Moreover LNG sulfur content is very low, ena-
bling the operation of ships in SECAs and reducing SO2 emissions. 

 Reducing GHG emissions: The direct (tank-to-wheel) GHG emissions are 15-30% lower 
than for HFO, depending on the rate of methane slip (unburned LNG mainly consisting 
of methane will increase the GHG emissions). The benefits of LNG will be mostly ac-
counted to international navigation and not countable for Cyprus GHG target for non-
ETS sectors according to the effort-sharing decision. Unfortunately the total well-to-
wheel GHG emissions savings are lower because of the high emissions resulting from 
the production/extraction process of LNG. 

Further detailed information can be found in [LBST, et al., 2014]. 

6.2 Biofuels for maritime shipping 

There is a growing interest in the use of biofuels for maritime transport. Their major ad-
vantage is their use as so called drop-in-fuels without significant adaptation of the current 
ships or of the infrastructure. The ranges of applications differ depending on the type of 
biofuels as described by [Ecofys, 2012]. 

 Biodiesel to replace MDO/ MGO in low to medium speed engines (used in tug boats, 
small carriers or cargo ships) 

 DME (dimethylether) used to replace MDO/ MGO in all types of engines (all sizes of 
carriers or cargo ships) 
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 Straight Vegetable Oil (SVO) used to replace IFO or heavy fuel oil in low speed engines 
(all sizes of carriers or cargo ships) 

 Bio-LNG or bio-methane in gas engines using LNG 

According to [Ecofys, 2012] biodiesel and vegetable oil are seen as the most likely short-
term option for existing ships. Technically biodiesel blending up to <20% or the use of pure 
SVO should be feasible, however large scale experience in fleets are still missing. DME and 
Bio-LNG on the other hand will need further developments, e.g. in terms of ship engine 
compatibility and may rather be an option for newly designed or modified. Blending would 
be ideally integrated in existing bunkering processes. Moreover ships using diesel because 
of the MARPOL regulation limiting the amount of sulphur may allow using common energy 
supply for the road and maritime sectors. 

[GoodFuels Marine, 2015] estimates that the share of biofuels in total marine bunkering 
may account for 0.5% in 2020, 5-10% in 2030 and 20% in 2050. This would mean that a 
large amount of the available biofuels would be needed for maritime shipping in the fu-
ture. Since other technologies, especially electric ships are currently far from market pene-
tration, this would be an interesting option to increase the RES share and saving GHG 
emissions for maritime transport. 

A major challenge posed by biofuels in maritime shipping is their costs compared to con-
ventional fuels and the limited feedstock availability - as it is the case in the road sector. 
The lower energy density is also a limitation as it either reduces the travel range of ships or 
requires a bigger tanking capacity. 

Concerning the sustainability targets for transport in Cyprus, the effect of biofuels was not 
assessed in detail. [GoodFuels Marine, 2015] state that biofuels have positive effects in 
reducing CO2 and air pollutant emissions. Regarding the share of RES, only domestic ship-
ping may be counted in the national fuel mix according to the RED. A significant contribu-
tion would need an adoption of this calculation rule since most fuel bunkered in Cyprus is 
used for international shipping. The contribution of biofuels towards the GHG reduction 
targets of the FQD or in terms of the effort sharing decision is therefore also limited (see 
section on LNG). 

Given the mentioned pros and contras, there are still uncertainties for implementing bio-
fuels to the maritime sector. Therefore, more detailed analyses should be carried out. 
Since the contribution of maritime fuels to national sustainability targets is low at the 
moment, international maritime associations and governments are a more relevant gre-
mium. 
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7 Supporting policies (D 5.4) 

The fulfilment of the EU environmental targets thanks to the use alternative fuels can take 
place only by defining a transport strategy and the corresponding supporting policies. The 
following chapter introduces a structure to elaborate a transport strategy toward an envi-
ronmentally sustainable transportation. Several examples of the policies implemented by 
other Member States are given in the second part of this chapter followed by recommen-
dations for Cyprus. This analysis focuses on three short-term and five long-term supporting 
policies, the former concentrating on the penetration of renewable energy sources and 
the latter on energy efficiency. 

7.1 Overarching principles 

As mention above a strategy - i.e. following a top down logic- defining the objectives and 
priorities should be articulated with a bottom-up approach made of concrete and ade-
quate policies to help reaching the goals i.e. share of biofuels in the total fuel consump-
tion. Resources are limited and should be allocated at the right time to the relevant sec-
tors. Moreover a cooperation between these different sectors and the ministries is a pre-
requirement e.g. transport, energy, environment. Another major prerequisite for the suc-
cess of a strategy is its stability and long-term planning, as the consumers and the markets 
have to adapt and potentially invest based on an expected future. Unplanned major 
changes or strong postponements in implementing policies decrease the confidence of the 
stakeholders and reduce the expected impact. 

Three key words should guide the design of a transport strategy for Cyprus:   

 Cost neutrality: the limited financial means of the country require looking for cost 
neutral policies. In the context of environmental policies, the „polluter pays prin-
ciple” is therefore important to take into account. The purpose is to make pollut-
ers responsible for paying for the damage done to the natural environment. This 
principle is enacted in several laws in the EU and throughout Europe, as it is part 
of the EC treaty (Article 191(2) TFEU). A carbon tax is an example of a measure, 
which in economics aims at “internalising externalities”. This principle works in fa-
vour of Cyprus limited financial resources and would represent an opportunity to 
design a cost neutral strategy. 

 Impact:  the policies supporting the most efficient measures (with highest impact 
on the penetration of alternative fuel or energy efficiency) are prioritized e.g. cars 
as they are responsible most of the fuel consumption 

 Partnerships: they are necessary to involve among others the private sector, 
which is a key player in the development of new technologies and relieving the 
burden on the governmental budget. 
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Concerning the structure of the supporting policies themselves, it is recognised that a mix 
of pull-push policies maximise the chance of success. Push policies i.e. “divert” are general-
ly more effective as they are linked with taxation or regulatory limitations, e.g. for CO2 
intensive vehicles or fuels. Nevertheless they are often not popular. Pull policies i.e. “at-
tract” are on the other hand more welcome as they rely on special rights or financial in-
centives for environmental sustainable technologies. But their effect is generally more 
unpredictable. This framework is illustrated in Figure 51 with a non-exhaustive list of poli-
cies that could be of interest for Cyprus. The push-pull policies are organised between 
three categories: soft policies, financial policies and regulations. 

Finally once the measures designed, KPIs (Key Performance Indicators) should be defined 
to check the progress regularly against the goals e.g. number of new registration of alter-
native fuel vehicles. It also enables the adjustment of the policies if the results are not the 
one expected. It may also provide the opportunity to quantify or qualitatively assess the 
programs and policies and consider it as a learning process. 

.

 

Source: ifeu 
Figure 51: Example of supporting policies 

The measures proposed in the scenarios were discussed together with MECIT in the course 
of the project and presented during a workshop on the 6th of April 2017 at the Ministry of 
Energy, Commerce and Tourism in Nicosia with the attendance of several stakeholders: 
e.g. Cyprus’ ministries, Cyprus Port Authority and oil companies. The impact of the most 
ambitious scenario –in terms of penetration of alternative fuels- on the environmental 
goals is presented in Figure 52. The supporting policies described in the present chapter 
are designed to support this scenario, consisting in introducing: 

 B7 i.e. maximum biodiesel blends with double counting feedstock 

 Bio ETBE, which is currently not available in the logistic chain. A strategy to use and 
import ETBE should be discussed with Greece (logistic hub for Cyprus) and oil compa-
nies. 
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 Electric cars: the share of electric cars in Cyprus fleets should be increased step by step, 
together with the expansion of recharging infrastructure.  

 LNG in the maritime sector: LNG bunkering facilities should be built in Limassol by 2025 
to fulfil the DAFI requirement. Synergies may be tapped between ships and road vehi-
cles (see next point) 

 CNG or LNG vehicles: First fleets running on CNG or LNG, especially in the freight sector, 
could cover routes from and to the port of Limassol after 2025. The refuelling network 
and fleets can be expended especially if Cyprus decides that domestic natural gas re-
serves should be used to supply transport. 

 LPG vehicles are seen as a possible short term solution as the construction of 25 LPG 
fuel stations is planned within the next years and conversions from petrol cars are often 
cost efficient. Unfortunately the impact of LPG on the RED goals is minimal. A further 
development of the technology is not foreseen in the long term – as more efficient 
technologies for using RES such as e-mobility takes up, moreover the country plans to 
exploit the reserves of natural gas located in its economic exclusive zone, advocating for 
using CNG/LNG vehicles. 

 B100: Shifting a quarter of the bus fleet to pure UCO biodiesel (potential domestic pro-
duction) 

 Power-to-petrol/diesel can be considered as a long term option (after 2030) because 
the technology is still on a pilot level and the costs are high. Improving the technology 
and increasing renewable power production capacities should be included in such a 
strategy in order to enable a high reduction of GHG emissions. 

 

Figure 52: Sum-up of the levers considered for the ambitious scenario and its environmental impact 

7.2 Input on the structure of a transport strategy 

Supporting policies recommendations are separated into two main groups: 

 Supporting policies which should help increasing the share of RES in the transport 
sector in order to reach the RED and FQD goals by 2020 

 Supporting policies focusing on the post-2020 period which should increase ener-
gy efficiency and contribute to decarbonising Cyprus’ transport sector. 

2020 2030 2050

Goals

Scenario C

• Biodiesel blends
• Bio-ETBE blends
• BEVs, PHEVs, hybrid and LPG-vehicles
• LNG for maritime ships
• B100 bus fleets
• LPG retrofits for cars

FQD
-6% GHG fuel 

(suppliers 
responsible)

RED
10% RES

Effort sharing
- 5% GHG

Effort sharing - draft
- 24% GHG

• Biodiesel blends
• BEVs, PHEVs, hybrid and CNG/LNG-vehicles
• Phase out LPG-vehicles
• LNG for maritime ships
• Power-to-petrol  (from 100% renewable

electricity)

ifeu assumption:
- 75% GHG

-6 % GHG fuel 13.4% RES
-15 % GHG 
transport

-24% GHG with + 2 
TWh RE power

-75% GHG with + 6 
TWh RE power
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7.2.1 Supporting policies to reach the RED and FQD goals by 2020 

The supporting policies selected for the pre-2020 period are shown in  

Figure 52. They focus on the short term measures required to reach the RED and FQD 
goals i.e. 

 Increasing biofuel  blends 

 Study the possibility of statistical transfers 

 Introducing B100 buses  

7.2.1.1 Statistical Transfers 

Statistical transfers 

Aim: Reach quickly the RES targets by 2020 (10% for transport) by relying on cooperation with 

other Member States which exceed their targets 

Current situation: In 2014 the share of RES-T in Cyprus amounted to 2.4% (according to the RED 

calculation methodology). In the Reference scenario this share does not increase by 2020, which 

means that Cyprus needs to activate as much levers as possible to reach the required 10% in the 

transport sector. 

Description of the policy: Cyprus could sign a memorandum of understanding with countries 

which have already achieved and are likely to exceed their RES-T goals by 2020 e.g. Sweden and 

Finland [European Commission, 2017]. Due to the limited energy need of the island in comparison 

with bigger EU countries, the statistical transfer delivering additional amounts of RES could be a 

quick option in order to achieve the countries RES goals. The option might be more cost efficient 

than investments in own infrastructure, especially due to the countries limitations, e.g. producing 

own biofuels or the use of bio-ethanol. The duration of this agreement and the price of the unit of 

RES are usually to be defined in agreement with the selling Member state based on studies carried 

out by both parties. 

Stakeholders & partnerships: The public acceptance is considered as an issue and should be taken 

care of through adapted communication campaigns. This is also true for the private sector i.e. 

energy sector, which may claim that investments could have been done within the country. The 

advantages in terms of cost efficiency and the context in which the transfer is taking place should 

therefore be carefully analyzed and well explained. 

Category: Regulation 

 

European context 

The renewables (RES) cooperation mechanisms established by the Renewable Energy Di-
rective 2009/28/EC creates opportunities for countries to work together to exploit their 
renewable resources and meet their 2020 renewable energy targets. This is enabled by 
three main mechanisms: statistical transfers (Article 6), joint projects between Member 
states (Article 7) and joint support scheme (Article 11), the two last one being mainly for 
the energy and heat sectors. 
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The present focus is the possibility of using statistical transfers: an amount of renewable 
energy deducted from one country's progress towards its target and added to another's. 
This is an accounting procedure and no physical energy transfer is necessary. By allowing 
transfers of this kind, this cooperation mechanism provides EU countries with an added 
incentive to exceed their targets because they can receive a payment for energy trans-
ferred to others. It also allows countries with less cost-effective renewable energy sources 
to achieve their targets at a lower cost. Nevertheless statistical transfers shall not affect 
the achievement of the national target of the Member State making the transfer, and it 
can last one or more years. They shall be notified to the Commission no later than three 
months after the end of each year in which they have effect. The information sent to the 
Commission shall include the quantity and price of the energy involved. 

Denmark and Estonia, which are confident to be able to reach their 2020 RES targets, were 
considering the option of selling RES shares to other Member States [Ecofys, / TU Vienna, 
2013]  

A case study has been developed by Ecofys on statistical transfers between Estonia and 
Luxembourg [Ten Donkelaar, et al., 2014]. The parties favoured a bilateral multiannual 
contract with biding sales to bring more visibility. When deciding on prices the upper price 
is defined by Luxembourg (as buying party) while the lower price is defined by Estonia (as 
selling party) – which could include recovering Estonia’s RES supporting costs. A price cor-
ridor is defined by the marginal costs of additional RES capacity in both countries. For ex-
ample if the price of the most expensive feedstock for renewable electricity in the buying 
Member State is 21 €/kWh, this would be the upper limit. If the costs of RES electricity 
(e.g. technology neutral i.e. independent of the feedstock or energy source) in the selling 
country is 5.37 €/kWh, the transfer price corridor is between 5.3 and 21 €/kWh. This is one 
methodology among others. The prices might nevertheless be impacted by the demand or 
offer from other Member States [Ten Donkelaar, et al., 2014]. 

Two years after, in 2015, Luxembourg eventually signed a Memorandum of Understanding 
with Lithuania, whereby the former has committed to buy energy generation by RES in the 
form of a statistical transfer over the period 2016 to 2020 [The energy and water agency, 
2015]. 

Some limitations of statistical transfers have been identified through discussion with 
Member States [Ecofys, / TU Vienna, 2013] : 

 As long as Member States are not sure about their own target achievement, they 
are unlikely to agree on selling to another Member State and to close any con-
tracts 

 Statistical transfers are seen as a “one-shot” option, which may not be worth it 
compared to national investments in RES 

 There is a low public acceptance of statistical transfers as it corresponds to fund-
ing RES in another country without physical transfer of energy 

On the other hand several advantages have been highlighted: 

 Statistical transfer can be technology neutral so that they let entire freedom to 
the host country on the type of RES to be developed (contrary to joint projects for 
example) 
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 In comparison with other cooperation mechanism statistical transfer e.g. joint 
projects are easy to implement, moreover they require no physical transfer of the 
energy, saving infrastructure and grid costs  

Applicability in Cyprus 

The use of statistical transfers for Cyprus is motivated by the fact that only a steep in-
crease of biofuels include ETBE and the use of B100 for a share of the bus fleet would ena-
ble the country to reach the 10% RES. This is an ambitious move that may not be feasible 
especially considering the current logistical hurdle to supply Cyprus with ETBE.   

A main parameter on opting for statistical transfers is the cost. The cost of buying the 
available RES shares of other Member states should be cheaper than the final costs for 
using them in Cyprus. Until now few examples of applied statistical transfers are available 
and no case study for transport has been found. The first move would therefore consist in 
approaching the countries which have already reached their RES-T target i.e. Sweden and 
Finland. If interest exists on both sides a study should be carried out as the first mover risk 
is real. 

7.2.1.2 Biodiesel buses 

Set binding objectives on the share of B100 for buses and subsidize the implementation 

Aim: Introduce B100 biodiesel for ~50% of the bus fleet in Cyprus 

Current situation: Currently all buses in Cyprus run on diesel engines. Only conventional diesel 

fuel with a small biodiesel blend (~3.5%) is used as there is no B100 infrastructure. Most of the 

busses are older than 10 years (having Euro II or lower standards) offering the possibility to use 

B100 without engine modifications. 

Description of the policy: This supporting policy is twofold: regulating the share of biodiesel to be 

used by bus providers and subsidizing this implementation (infrastructure). The amount of the 

subsidy should be based on the incremental costs for B100 to avoid negative repercussions on bus 

ticket prices. The funding of such scheme can be local and/or be part of a national scheme target-

ing several cities together. To enable cost neutrality, the costs for B100 could be linked with ener-

gy tax amendments increasing gasoline taxes. With respect to the RED and FQD and the scrapping 

of old busses, a fade out of B100 subsidies e.g. after 2025 could be targeted. Local biodiesel pro-

duction of UCO could be tapped as the production capacity amount to approximately 6 Mt.  

Stakeholders & partnerships:  Public bus operators and local governments would be the main 

partners and possibly bus manufacturers. The general public and universities should also be in-

volved so as to support the scheme. 

Category: Regulation/Financial - Pull 

 

Using B100 for ~25% of the fuel consumed by buses running in Cyprus would enable 
achieving the RED and FQD goals. 

European examples 

A case study in the Austrian city of Graz shows positive results in implementing this meas-
ure. The entire fleet of the Grazer Stadtwerke Verkehrsbetriebe AG (Public Transport 
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Company of Graz) are running on 100% BioDiesel FAME EN14214 from used frying oil since 
2005. The city developed a collection scheme for waste cooking oil - from restaurants and 
households - converted in biodiesel in a nearby plant. Even if the fuel consumption in litre 
is 5 to 8 % higher with pure biodiesel, the low price of the fuel compensates the deficit 
[Costenoble, et al., 2009]. This process was developed and implemented with the success-
ful public social private partnership (PSPP) model, involving the main stakeholders from 
universities, companies and local governments together with raising awareness campaign, 
winning the support of the general public. Moreover cooperation with car manufacturers 
enabled providing engines that were suited for running on biofuels. The introduction of 
biofuel was supported by different European Projects like CIVITAS trendsetter, SUGRE and 
Life KAPA GS. Nevertheless as it is not possible to get any warranty with the new genera-
tion of diesel engines using biodiesel is getting more difficult. Indeed in the cold seasons 
biodiesel can wax, and maintenance (change of oil and fuel filters) can increase. Therefore, 
other options are studied - such as switching to CNG buses (in combination with the pro-
duction of biogas) or e-buses. 

Table 39 Example of policy instruments used by the city of Graz 

Policy instrument Description 

Tax exemption Pure biofuels exempted from mineral oil duty 

Funding for infrastructure City subsidised partly the costs of the collection 
system and bus adaptations   

Contract with transport providers All city buses have to be capable to use RFOME 
(biodiesel from used frying oil)   

 

Other cities such as the city of Murcia [Bionett, 2010] and more recently the city of London 
have been introducing B20 blends for their bus fleet1. In Scotland stagecoach2 switched to 
B30. These recent examples show that the measure “biofuel for buses” is a relevant ques-
tion for Cyprus. 

Applicability in Cyprus 

Bus fuel consumption represents approximately 40 ktoe in 2020. In order to achieve the 
FQD and RED targets, 50% of its energy consumption should be switched to biofuels (as-
suming half is UCO biodiesel and the other half palm oil biodiesel).  

The first advantage of focusing on buses is that urban and intercity buses are mainly run by 
public bus operators in the main cities (Nicosia, Paphos, Limassol, Famagusta and Larnaca) 

–––––––––––––––– 
1
 https://tfl.gov.uk/info-for/media/press-releases/2015/december/one-third-of-london-s-buses-to-run-

on-waste-fats-and-oi 

2 http://www.stagecoach.com/media/news-releases/2012/2012-10-26-greener-fuel-for-scottish-

buses.aspx 
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and intercity buses. The introduction of the measure should be facilitated by relying on 
partnerships with local governments and public bus operators. 

Moreover the change in the infrastructure would be limited: the measure targets only bus 
fleets and their depots – easier to implement when compared to the adaptation of fuel 
stations to biofuel for the public which amount to approximately 300 stations. Old vehicles 
which account for the majority of Cyprus’ bus fleet can run on B100 without adaptions, 
also the issue of warranty should be negligible. The amount of the subsidy should be based 
on the additional costs.  The cost analysis carried out in this report can be used as discus-
sion basis but a specific study on the impact of B100 for the different city and bus provid-
ers should be carried out to increase the reliability of the results. Because of the continu-
ous vehicle scrapping and a likely decrease in biofuel use (see RED II draft) after 2020, the 
use of B100 and related subsidies might phase out e.g. after 2025. 

7.2.1.3 Modify energy taxes 

Modify energy taxes 

Aim: Accelerate the uptake of alternative fuels, especially biofuels, by reducing the end consumer 

prices 

Current situation:  The share of biofuel (biodiesel only) is currently of 2.5% in Cyprus (according 

to RES calculation) 

Description of the policy: The end consumer fuel price is highly influenced by energy taxes. The 

modification of energy taxes can foster the uptake of alternative fuels compared to fossil fuels, 

especially if the incremental investment cost (vehicles and fuel stations) and technical limitations 

are low. This is the case for most biofuels and LPG. Energy tax reductions must be carefully evalu-

ated as they may represent big losses of income for the governmental budget, especially consider-

ing Cyprus limited financial means. A cost neutral policy for the government might imply e.g. a 

reduction of B7 and B100 prices while increasing gasoline taxes so that the fuel price delta stay 

stable and the incremental costs are spread out over all fuel users (not only the owners of a diesel 

car). The outline of the policy must be designed in the mid-term, e.g. 5-10 years after implementa-

tion, to secure guaranteed conditions and visibility for the transport industry and car owners. The 

specific change in taxes should be defined together with mineral oil importing companies. Howev-

er, the cost analysis in this study can provide an input for the discussion. 

Stakeholders & partnerships:  A modified tax system has to be established by the government, 

e.g. the ministry of finance. Discussion and cooperation with petroleum firms is required and the 

possibility to develop local production sites may be discussed with local partners so that the sub-

ventions can foster the local economy 

Category: Financial – Pull/Push 

 

European context 

The harmonization of fuel taxation (excise duties) in Europe is regulated by the European 
Union in Directive 2003/96/EC. It defines minimum tax rates for all different transport 
fuels including several exemptions. However, the member states can define their own tax 
rates within this framework. Various countries have used tax modifications as a policy to 
favour certain fuels or technologies. Also, the EU is currently reviewing the current lega-
tion in order to help foster the EU energy and climate change targets. 
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An example of fuel tax policies in Germany and their effects is summarised in Table 40. 
Similar to other member states, the taxation for diesel is much lower than for gasoline. 
Concerning alternative fuels, LPG, CNG and B100 have been globally subsidised in the last 
years. The subsidies for B100 finished in 2012, but the one for LPG should continue until 
2022 and for CNG 2026. A subsidy for e-busses is to be implemented after 20181 . The 
subsidies divided the price of LPG & CNG by about two, the price of CNG by about 2.3 and 
B100 by around 2.5.  

Table 40: Current energy tax in Germany 

Fuel Fuel tax Passenger cars Refuelling stations 

Diesel 0.47 €/l ~15 million diesel 
cars, many trucks 

busses… 

~10,000 

Petrol 0.66 €/l ~30 million petrol 
cars 

~10,000 

LPG 0.10 €/l until 2022, 
then 0.22 €/l 

< 0.5 million cars ~6,800 

CNG/LNG/BioCH4 0.19 €/kg until 2026, 
then 0.43 €/kg 

< 0.1 million cars, few 
busses and trucks 

~900 

B100 (FAME) 0.185 €/l until 2009, 0.17 
€/l 2009-2012, then 0.45 

€/l 

Trucks and agricul-
ture tractors, cars 

~1,900 in 2007, 
~250 in 2009 

Electricity for 
Busses 

20.5 €/MWh, 
11,42 €/MWh after 2018 

~170 busses n.n. 

Source: German energy tax law, KBA statistic and internal studies from the authors 

 

For LPG, the tax reduction was quite successful. This could be explained by the relatively 
low cost for conversion of vehicles, which represent 90% of the fleet and a good network 
coverage with around 6,800 LPG stations. 

Full biodiesel has also been successfully introduced. One possible explanation is the low 
investment costs for B 100 fuel stations (~25,000 €) and the initial fuel demand, led by 
captive fleets e.g. agricultural trucks, busses. However, the B100 market broke down rap-
idly after the tax reduction for B1002 was dismissed, leaving many investors in a difficult 
situation. 

On the contrary, the uptake of CNG has been limited and there are only 0.5 million cars on 
approximately 45 million diesel and petrol cars in the current fleet. Some potential barriers 
may have hindered the development, such as the lack of information and marketing 
around CNG technology, the limited choice of models for CNG cars as well as the price of 
the vehicles themselves and the limited amount of fuel stations. Also, an extension of the 
tax reduction for CNG after 2018 was just adopted after several years of discussion making 
it difficult for stakeholders to plan investments, e.g. R&D, vehicle purchase or infrastruc-

–––––––––––––––– 
1
 http://www.bdo.org/presse/pressemeldungen/bdo-begrusst-die-anderung-des-energiesteuer-und-

stromsteuergesetzes 
2
 It was replaced by a mandatory blending quote 



ifeu  Penetration of alternative fuels in Cyprus road and maritime sectors  112 
 

ture development. Italy has been also implementing tax reductions for CNG. These policies 
were more successful as Italy boasts the highest share of CNG vehicles (>2%) in Europe. 
High tax reductions (0.003 €/kg, converted from 0.02 ct/kWh according to [dena, 2011]) 
were combined with vehicle purchase subsidies of 1,500 € and refuelling infrastructure 
development [ifeu, 2015]. Similar subsidies have been granted for the promotion of CNG 
or LNG trucks e.g. in Sweden or Spain which are some examples for pioneers for promot-
ing NG trucks within the EU. 

Concerning electricity, Germany plans an additional taxation scheme for e-busses which 
have a very low share in the bus fleet today. 

Applicability in Cyprus 

For the contribution to the 2020 targets, biofuels both as blends and pure biodiesel were 
find to have the highest potential. As shown in the German case study, the tax exemption 
on B100 had a tremendous effect in stimulating private investments and B100 consump-
tion. On the other hand, this market broke down after the tax exemption was removed by 
reducing the number of fuel stations by more than 7 times within 2 years. 

Regarding fuel blends, if ETBE cannot be introduced, only the price of diesel (B7) would 
increase due to the higher price of biodiesel. This might financially disadvantage the own-
ers of a diesel vehicle and may shift the demand from diesel to petrol cars, meaning that 
the share of RES in the country may not increase as intended by the policy (as the biofuel 
consumption relies on the share of diesel car). Therefore the cost of increasing the share 
of biodiesel may be redistributed on all fuel consumers by attributing a share of the price 
increase to petrol at the pump. The tax modification might be backed up by a regulatory 
policy such as a biodiesel quote for mineral oil companies. 

7.2.2 Long-term supporting policies for the post-2020 energy efficiency objec-
tives 

In order to reduce the GHG emission targets by 2030 the improvement of energy efficiency 
is a key target for Cyprus together with the use of RES. Therefore, supporting policies to 
foster energy efficient technologies (“Improve”) or to strengthen more efficient or non-
motorized transport modes (“Shift”) can play a significant role. Beside the transport sector, 
all other sectors will have to contribute to the targets e.g. Effort sharing. Since the exact 
contribution of each sector has not yet been defined, the proposed policies have to be 
designed in accordance with the targets and policies in other sectors1. 

As shown in the scenarios light duty vehicles (including passenger cars and light commer-
cial vehicles) contribute to more than three quarter of the energy consumption of Cyprus 
road transport. Therefore, the measures and policies target in priority this vehicle group, 
e.g. vehicle taxes for cars and LCVs in 7.2.2.1. Supporting policies to increase the energy 
efficiency for public bus and heavy good transports are first mentioned but should be con-
sidered more in details in a second step. 

–––––––––––––––– 
1
 These issues are analysed within the present project in WP1 and they are part of a separate report  
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7.2.2.1 Modification of vehicle taxes based on energy efficiency 

Modification of vehicle taxes based on energy efficiency 

Aim: Accelerate the penetration of energy efficient vehicles (cars and LCVs) 

Current situation: In the past both registration taxes of new cars and annual circulation taxes 

were partly calculated on the basis of a car’s direct CO2 emissions as monitored by the EU CO2-
legislation for car manufactures. Due to the tax system in Cyprus, the share of new cars with 
less than 120 g CO2/km increased from 18% to 45% between 2013 and 2015. However, the 
share EVs was only ~ 0.3%.  

Description of the policy: Cyprus vehicle tax system could be modified in terms of a further push 

of energy efficient or low CO2 vehicles and alternative fuels such as full EVs or hybrids, CNG or 

LPG. The vehicle tax classification and the level and type of tax exemptions and additional taxes 

still have to be defined, e.g. based on experiences from other countries. A combined push-pull 

policy such as the French Bonus Malus System is seen in favor in terms of cost-neutrality accord-

ing to the polluter pays principle. 

Stakeholders & partnerships:  The implementation of vehicle taxes occurs at the level of federal 

government, i.e. the ministry of transport and the ministry of finance. 

Category: Financial – Push-Pull 

 

European context 

Vehicle taxes are used by most countries. Taxation levels taking into account average CO2 
emissions or fuel consumption can help making energy efficient technologies economically 
more attractive to end users e.g. hybrid or e-cars. There are several international examples 
displaying different vehicle tax systems and their effects. The tax policy applies to several 

vehicle taxes in EU countries: registration, ownership, company car tax, annual motor vehicle 

tax or VAT. 

The first example is the ‘Bonus-Malus’ system which was introduced in France in Decem-
ber 2007. The tax entails a system of price reductions and fees depending on the level of 
emissions of each new vehicle. The policy shows a combination of push- and pull-effects 
by encouraging consumers to purchase low-emitting cars and discouraging to purchase 
high-emitting vehicles at the same time. Additionally, it can stimulate technological inno-
vation in new vehicles. [IEEP, 2014]  

The system has been monitored and regularly adapted to market conditions and technical 
developments. The level of taxes has been continuously adapted and set as follow in 2017: 

 The Bonus (subsidy) accounts for 6,000 € for vehicles with an emission of up to 20 
g CO2/km (BEV) (up to 10,000 € if a diesel vehicle of more than 10 years is 
scrapped at the same time). Cars with up to 60 g CO2/km (PHEV, no diesel) are 
subsidized with 1,000 € (up to 3,500 € if a diesel vehicle more than 10 years old is 
scrapped at the same time)1. The bonus (grant) can account for maximum 27% of 
the purchase price. 

–––––––––––––––– 
1
 Source: https://de.ambafrance.org/Klimaschutz-Das-franzosische-Bonus-Malus-System-beim-Autokauf 
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 The Malus is priced at 50 € for vehicles emitting 127 g CO2/km and it increases 
continually up to 10,000 € (ME 2017) for vehicles emitting 191 g CO2/km based on 
a 5 g increments. 

The market share of EVs in France is also relatively high: ~ 1.6% of the new registration are 
electric cars - compared to 1.2% in the EU in average [EAFO, 2017]. According to [OECD, 
2016] this mechanism helped reducing the average emission of new cars from 149 g 
CO2/km in 2007 to 114 CO2/km in 2014 (EU average: 122 CO2/km), nevertheless the effect 
on NOx and PM emissions is negative, as diesel car sales increased. Generally the level of 
tax is set based on average CO2-emissions from the manufacturer’s data (EU monitoring). 
However, as EVs have no direct CO2-emissions; this approach can especially favour EVs. 
From the financial point of view the bonus-malus costed 1.46 billion € between 2008 and 
2011 but in 2014, after several adjustments (now only EVs are subsidised) the mechanism 
was beneficial for the government. 

Norway is using high subsidizes in favour of e-cars by decreasing company car tax by 50% 
for EVs as well as diminishing the annual motor vehicle tax/road tax, exempting EVs from 
VAT and sale taxes as part of an integrated strategy called “Climate agreement”, which 
also displays other measures such as: free parking, charging and suppression of the tolls 
for electric cars or the free use of bus and collective lanes in cities. The number of new EVs 
registration has considerably increased in the last year, accounting now for ~100,000 or 
~4% of the total car fleet (source: SSB March, 2017). 

But as underlined in [Holtsmark, Skonhoft, 2014]: 

 It comes at high costs for the state (e.g. the amount of subventions can theoretically 
reach 8100 $/year in the case of a Toyota Prius driven 5,600 km/year including all finan-
cial incentives) 

 EV users may use less public transportation than the ICE users (it is nevertheless unclear 
if this entirely results from the possession of an EV) 

 Additional EVs are used as second car i.e. the average car ownership increases 

Applicability in Cyprus 

If the vehicle tax system in Cyprus is to by modified, two main aspects must be carefully 
designed: the type and the level of the tax exemption (equivalent to subsidising) and the 
target group. 

The level of the tax has to compensate (partly) the incremental costs. In the specific case 
of electric cars, incremental investment costs as estimated for this study can range be-
tween ~4,000 and ~14,000 € depending on the car size. Tax exemptions and subsidies in 
other countries are usually lower [ICCT, 2016a]. According to [Christodoulou,  Clerides, 
2012].who studied the taxations of vehicle purchase in Cyprus, a feebate1 similar to a bo-
nus malus adding up to the existing system would reduce emissions (maximum by 23.7% 
for a taxation of 60€ per g with a pivot point at 120g CO2/km) but consumer and produc-
er’s welfare would decrease. Replacing the current system by a new tax based on emis-
sions would have a lower emission reduction but would increase welfare. In both cases the 
policies are designed as cost neutral. Based on the economic situation in Cyprus, using a 
system of feebate could enable giving sufficient tax exemptions to energy efficient cars 

–––––––––––––––– 
1
 A feebate program is a self-financing system of fees and rebates that are used to shift the costs of exter-

nalities produced by the private expropriation 
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such as EVs by taxing less energy efficient vehicles. The level and type of tax exemptions 
and additional taxes can be adapted according to the reaction of the market. 

Second the target group must be studied, as taxes on company cars registration may have 
a high potential e.g. in the Netherlands more than 90% of EVs are registered by companies 
[ICCT, 2016a]. Therefore working on a lowered company car taxes or tax reduction on 
vehicles for companies may be a powerful instrument. 

7.2.2.2 Regulating the operation of e-charging infrastructure 

Regulating the operation of e-charging infrastructure 

Aim: Enabling a free and competitive market to develop profitable business models 

Current situation: In Cyprus the only operator is the Electric Authority of Cyprus (EAC) 

Description of the policy: Shifting to a competitive market will require regulation and a strategic 

positioning of public entities. Overall there are 4 basic activities to consider in the context of 

charging infrastructure: the provision of the infrastructure (asset), the provision of electricity to 

the charging points, the provision of e-mobility services (e.g. charging card and possibly selling 

electricity to the end user). Once the economic viability of the infrastructure will be achieved, the 

next step will consist in reaching a fully competitive market. 

Stakeholders & partnerships: Several new stakeholders are entering the emerging market of 

charging infrastructure operation. The roles are still being defined and vary from one country to 

another depending on the model in place. Both a “full” DSO model and public tendering model are 

currently in place in Europe.  

Category: Regulation – Pull 

 

European context 

Together with the question of the construction of the infrastructure arise the question of 
the operation of the new charging points. Even though the EU foresees a private operation 
in the long term, the current low return on investments requires the involvement of the 
public sector. Several new roles are also developed with the new infrastructure: 

 The Distribution System Operators (DSO) - operating, ensuring the maintenance of 
and, if necessary, developing the electricity  distribution system in a given area 

 The e-Mobility Provider (EMP), providing charging services such as charging cards, 
possibly combined with electricity supply to end consumers 

 The Charging Station Operator (CPO) – operating and ensuring the maintenance of 
the charging stations (possibly also building the infrastructure) 

Concerning deployment models for electro-mobility, a general framework can be found in 
the Clean Power for Transport Directive (2014/94/EU). It states that the build-up and op-
eration of charging points should be developed as a competitive market with open access 
to all parties interested. Currently the general limited profitability of e-infrastructure be-
cause of high investments costs and unclear business models requires a cooperation of the 
public and private sector. Nevertheless a tendering process is also an option to open com-
petition for the service. The DSO involvement can follow two different approaches: 
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 The DSO is in charge of developing EV charging infrastructure and metering, con-
tracting out the commercial and technical operation of the assets to a market 
player e.g. in Austria 

 The DSO is in charge of developing EV charging infrastructure and metering and is 
also the technical operator of the assets. Billing services are provided by a third 
party i.e. the commercial operator e.g. in Ireland 

If the DSO is the owner and operator of the assets a clear exit strategy toward a competi-
tive framework should be planned from the beginning. Ultimately when a business case is 
achieved, the DSO can remain the owner of the assets until the costs are recovered or 
they can sell their assets for a residual cost. In a fully liberalised e-mobility market, the 
role of e-mobility providers (EMP) and charging point operators (CPO) could be redefined. 
This is for example the situation in Austria, where vertically integrated EMPs and CPOs 
offer their services [Eurelectric, 2016] 

In parallel is necessary to develop smart grids to cope the electrification of the vehicle 
fleet to manage electricity demand (currently under the responsibility of DSOs) and the 
development of V2G (Vehicle-to-Grid) dealing with network congestion management is-
sues. Other business opportunities are summarized in Table 41. 

Table 41: Underlying business opportunities in the development of charging infrastructure  

Future Services Underlying (business) opportunities 

Flexibility services Congestion management, temporal and spatial 
matching of supply and demand, change consump-
tion pattern 

Infrastructure provision for 
electric vehicles  

Demand management, utilize electricity storage ca-
pacity of electric vehicle, congestion management 

Energy efficiency services Reduce energy consumption, environmental aware-
ness through visualising environmental impacts 

Ownership & management of 
metering equipment 

Utilize economies of scope and economies of scale in 
smart meter roll-out, standardisation smart meters 

Data handling Utilize economies of scale in data collection and man-
agement, cooperation with ICT/telco sector 

Source: [Ecofys, 2014] 

In parallel the question of restricted access systems need to be addressed. For example 
Portugal has embarked on a nationwide EV charging system integrating access, equip-
ment, billing and payment together. The system called Mobi.E covers the entire country. 
In contrast London has developed the SOURCE London system designed on a regional ba-
sis. While discussions are being undertaken to expand the operation to other areas in the 
United Kingdom, at the moment EV users need to register with different agencies to use 
the publicly accessible charging points across the country [ICCT, 2016] 

Applicability in Cyprus 

The charging infrastructure market is meant to be a competitive one in the next years, but 
the lack of profitable business models requires the involvement of the public sector and 
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public entities e.g. currently a “full” DSO model is currently in use in Cyprus as EAC owns 
and operates the entire charging infrastructure. A best case for business models could be 
to offer all-in-one services package e.g. infrastructure providers offer charging stations and 
vehicle renting or leasing together with maintenance. As in other EU countries the phase 
out of the monopolistic situation towards a competitive market should be discussed and 
defined together with the DSO. The role of CPOs and EMPs will also gain importance in the 
future, when e-mobility achieves better economic records, and a sound regulation envi-
ronment should encourage this change. In order to define the best model for Cyprus, a 
workshop is recommended to bring all the different stakeholders and potential new actors 
together and discuss the possible model e.g. open or restricted access, business modes, 
opening to the competition, private and public investments, and give a first impulse to this 
highly complex regulating issue.  

7.2.2.3 Funding of public e-charging infrastructure  

Funding of alternative fuel infrastructure 

Aim: Support the coverage of alternative fuel infrastructures  

Current situation: There are actually 26 charging points.  The network was established by the 

DSO Cyprus Electricity Authority (EAC) without public funding. The costs were allocated to all elec-

tricity consumers. 

Description of the policy: Depending on the technology, which is favored in the future e.g. natural 

gas or electro-mobility; the corresponding infrastructure should be made available. The main 

constraint is represented by the available budget. To foster the uptake of e-mobility, both AC and 

DC charging points would need to be built. Infrastructure funding needs to be designed in accord-

ance with possible business models. Funding can be provided through a tendering process. 

Stakeholders & partnerships:  Funding policies have to involve the federal government.  Cooper-

ating with local governments is highly recommended in order to avoid regional incoherence and 

to ensure homogeneity. The private sector has also a role to play in the construction of the infra-

structure and the design of business models.  

Category: Financial –Pull 

 

European context 

The availability of the fuelling or charging infrastructure is a central element to give drivers 
of e-vehicles the same liberty and convenience as with conventional vehicles. A regulatory 
framework for the construction of this infrastructure is already given by the DAFI. Howev-
er, the implementation is the task of the Member States. As there are yet few experiences 
with business models, public funding plays an important role in the initial construction of 
the infrastructure. 

In Germany the BMVI (German Transport Ministry) has defined a path for the develop-
ment of alternative infrastructure in its national strategic framework “Nationaler Strate-
gierahmen” (NSR) in the context of the directive on the DAFI. Besides founding the R&D 
for hydrogen and fuel cells technologies the major investment is dedicated to electro-
mobility: the government designed a funding program of 300 M€ to: 
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 Equip all rest areas equipped with refuelling stations with DC charging stations 

 Develop a network of  5,000 DC and 10,000 AC stations by 2020 

 
The funding planned within the German national strategic framework is used through 
public tendering, thus enabling the private sector to build and operate the infrastructure 
according to their expertise. 

Newly BMW, Volkswagen, Ford and Daimler plan to build about 400 next-generation (350 
kilowatt) charging stations costing 200,000$ each in Europe that can reload an electric car 
in minutes instead of hours, making it quicker that Tesla’s super chargers. The fastest 
chargers in widespread use on the continent so far are Tesla's, which has installed over 
1,800. At 120 kW, they still need half an hour to fully charge a car (with an autonomy of 
270 km) [Reuters, 2017]. 

Applicability in Cyprus 

Several deployment models of e-infrastructure can be considered depending on the finan-
cial situation of the state. Parallel to private funding are several EU funds available, while 
regions and cities can attribute a share of their budget to the development of e-
infrastructure (eventually the budget comes from the federal level). Examples of available 
funds for Cyprus are: 

 Grants from the TEN-T Network mainly through the CEF: Connecting Europe Facili-
ty  

 European Structural and Investment Funds especially the EU’s European Regional 
Development Fund, which funded the NSR network in the North Sea region1 and 
the Cohesion Fund.  

 The European energy efficiency fund, which attributed a €30 million senior fund-
ing to the Bolloré project in France (e-car sharing scheme in Paris) 

7.2.2.4 Coordinate the creation of a one stop shop for e-mobility 

Coordinating the creation of a one stop shop for e-mobility 

Aim: Fostering the dissemination of information for users and ensure free-access to information 

Current situation: Currently the only actor in the field of e-infrastructure EAC provides a map of 

the available charging stations (non-interactive), a user manual, and technical info as well as bill-

ing information on its website. No or few information related to e-vehicle use (availability, han-

dling, costs) is currently available.  

–––––––––––––––– 
1
 The e-mobility North Sea Region (NSR) project was designed to create favourable conditions to promote 

the common development of electric mobility in the North Sea Region in order to foster current and 
future developments, paying attention to links with both freight and logistics. 



ifeu  Penetration of alternative fuels in Cyprus road and maritime sectors  119 

 

  

Description of the policy: The federal government together with regional entities should coordi-

nate the development of a “one-stop shop” for e-mobility. Additional information can include 

interactive maps for charging stations (including GPS coordinates, current occupancy and price), 

information on vehicle purchase and operation. A central coordination enables coordinating and 

centralizing information and gathering the relevant stakeholders. The platform can also be used to 

communicate on policy agendas together with governmental authorities. 

Stakeholders & partnerships:  Next to the infrastructure operators, it is crucial to involve the car 

industry (manufacturers, sale and renting companies) into providing all necessary information to 

alternative fuel vehicle users. In this context relying on local knowledge and specificities of region 

is of relevance and enables bundling capacities and knowledge. The tourism industry can also play 

a role in disseminating information. 

Category: Soft – Pull 

 

European context 

Financial incentives for alternative fuel vehicles and a developed infrastructure is not suffi-
cient to ensure that users will en masse and durably adopt the new technology. Insuffi-
cient or inexact information can hinder its uptake. Important information for end-users 
includes overview of vehicles available for purchase (manufacturers and models) and their 
performance data, refuelling network, the corresponding costs (fuel, maintenance, tax, …). 
as well as practical experiences from other users. The “one-stop” shop concept enables 
providing reliable information on all topics related to alternative fuels, e.g. electric-
mobility, CNG or LPG. This one stop-shop concept is one of the measures considered by 
the RED as necessary for RES renewable projects and described as “establish a single ad-
ministrative body for applications for renewable energy installations” [European 
Commission, 2017]. 

The UK provides information on electric cars, charging infrastructure and EV incentives 
through a dedicated website: Go Ultra Low - a joint government and car industry campaign 
- including calculators and guidance on the Plug-In Car grant. Frontrunners of e-mobility 
such as the Netherlands provide information on incentives, vehicle registration statistics 
and charger location on its platform: Nederland elektrisch in partnership with private ac-
tors, NGOs and organisations. 

In parallel there are also multiple platforms allowing users to find the nearest charging 
point, for example www.openchargemap.org, a global public registry of electric vehicle 
providing non-commercial, non-profit service hosted and supported by a community of 
businesses, charities, developers and interested parties around the world. Through the 
website and the app users can provide peer review, edits, additions, comments, photos 
and promote the service to other users. 

The one stop shop concept is also applied in the context of the TEN-T corridors to ease 
train path management and exchange on information by providing one single point of 
contact allowing applicants to request and receive answers regarding infrastructure capac-
ity for international freight. A European platform for e-mobility is the Initiative for Cleaner 
Vehicles in Urban Europe, offering e.g. web tools for TCO analyses of e-cars and other 
information. (ohttp://icvue.eu/) 

Applicability in Cyprus 

http://www.openchargemap.org/


ifeu  Penetration of alternative fuels in Cyprus road and maritime sectors  120 
 

The creation of a one stop shop for e-mobility in Cyprus could be based on the current 
information service of the DSO and be supplemented by additional information based on 
international examples. For example a section:  

 Policy agenda: with all goals and currently running policies and measures  

 Statistics: with relevant and easy to understand data on alternative fuel penetra-
tion 

 Vehicle: with an overview of available models, vehicle performance or leasing 
possibilities  

 Infrastructure: with an explanation of the restricted access system i.e. e- charging 
card and an interactive map 

 TCO analysis: to calculate the costs of running alternative vehicles  

 Incentives: with all grants and funding available   

7.2.2.5 Quality management and awareness raising campaign for public transport 

Quality management and awareness raising campaign for public transport 

Aim: Motivating citizens to use public instead of individual transport modes 

Current situation: Public transport in Cyprus currently includes urban and regional busses. They 

have a low share in the modal split in comparison to private modes, e.g. passenger cars. In the 

future, the construction of a tramway line in Nicosia is planned. 

Description of the policy: Information campaigns for public transport in cities will be carried out 

under the participation of bus operators and citizens. Benefits of public transport versus private 

transport modes should be highlighted. At the same time, potentials for improvement of public 

transport are surveyed to better invest in public transport according to user’s needs. The measure 

can show synergies to other policies, e.g. using B100 or electric busses. 

Stakeholders & partnerships:  Ministry of transport, city governments, public transport compa-

nies and citizens. 

Category: Soft – Pull 

 

European context 

Next to technical measures, the so called “shift” measures to foster the use of public 
transport modes are an important element in an energy efficiency strategy. Shift measures 
require the funding of the necessary infrastructure in the first place. Nevertheless shifting 
is also correlated with behavioural changes, it requires good campaigning. If public 
transport and soft modes, e.g. walking and bicycle, have to be favoured, it is important to 
convey both their advantages as well as a positive image. Today buses in Cyprus are pre-
dominantly used by low-income users and owning a car is part of a social recognition. This 
negative image must evolve.  

There are several materials available on the design of such promotion campaigns such as 
the training material developed in the context of e-atomium project1.  An interesting case 

–––––––––––––––– 
1
 e-Atomium is a training project funded through the STEER programme which is part of the European 

Commission’s Intelligent Energy Europe programme and will be implemented in Belgium, France, Ireland, 
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study is displayed by Civitas: the city of Usti nad Labem in the Czech Republic. A status 
analysis revealed three main issues acting negatively of the share of public transport (PT): 

 Deficits in the quality of offered services; 

 Lack of served areas; and 

 Limitations in covering passenger needs 

PT promotion was therefore aiming at designing its PT offer to the needs of the users, 
supporting a good image for PT and attracting passengers and strengthening its usage by: 

 Highlighting advantages of public transport compared to individual motor 
transport; 

 Improving provision of information about transport services 

 Public events to promote local PT services to residents. During these events, peo-
ple were able to compare the services provided in the past and the improved 
once. They participated in knowledge and effort competitions for prizes, discus-
sions and workshops about PT services Improving accessibility of services by 
providing targeted information to passengers 

 Promoting campaign activities in local media 

 Education of children for all primary school children in the city by the Municipal 
Police  

Through a research study and a survey the city mapped out directional relationships and 
transfer links. The majority of PT connections have been optimised, the operating times 
adjusted to correspond with school time, opening hours of offices, businesses and services 
in the city, arrivals and departures of trains and working hours in factories. Intervals of 
individual connections were set to better correspond with each other. Some lines were 
cancelled or replaced. Selected lines were guaranteed to operate by low-floor trolleybuses 
to enable transportation of disabled passengers. Moreover purchase of new and modern 
low-floor buses and trolleybuses (incl. providing wifi connection) was favoured together 
with better maintenance of vehicles and stations. 

Applicability in Cyprus 

Information campaigns for public transport in cities will be carried out under participation 
of bus operators and citizens. At the same time, potentials for improvement of public 
transport are surveyed to better invest in public transport according to user’s needs.  

The promotion of public transport has synergies with policies for using RES and improving 
energy efficiency of busses, e.g. funding B100 or electric busses as well as the refuelling 
and charging stations. 

–––––––––––––––– 
Italy, The Netherlands and the United Kingdom. The aim of e-Atomium is to strengthen the knowledge of 
local / regional managing agencies in the transport field and to accelerate the take up of EU research 
results in the field of local and regional transport.  
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7.2.2.6 Timeframe and effort intensity of the proposed policies 

The intensity of the different policies by 2050 is illustrated in Table 42. The policies con-
centrating on e-mobility: vehicle taxes for low emission vehicles, funding of the infrastruc-
ture, regulating its operation and the one stop shop information platform are prioritised in 
the period 2020-2030, as they are necessary to the uptake of the technology. Nevertheless 
this does not mean for example that the entire infrastructure must be built by 2030 but 
that a necessary amount of charging points should be available. In the longer term the 
effort on vehicle taxes and funding the infrastructure should be decreased as the need to 
boost electro-mobility should decrease gradually with its uptake and the shift towards a 
competitive and beneficiary market. The regulation should also be set up and require less 
effort after 2030. On the contrary the one stop shop should be fed in and kept up to date, 
so that the effort stays relatively high. Quality management and awareness campaign for 
public transport is seen as a long term and continuous process to maintain and improve its 
quality. 

Table 42: Ranking intensity of effort in different time intervals for a number of policy intervention areas in the household sector up to 
2050 (intensity grade from low to high: x-xxx) 

Policy 2020-2030 2030-2040 2040-2050 

Modification of vehicle taxes based on energy effi-
ciency 

xx xx x 

Funding of public e-charging infrastructure xxx xxx x 

Regulating the operation of e-charging infrastruc-
ture 

xx xx x 

Coordinate the creation of a one stop shop for al-
ternative fuels 

xx x x 

Quality management and awareness raising cam-
paign for public transport 

xx xx xx 

 

7.3 Open issues 

Several measures were identified and may be studied in a follow-up project as shown in 
e.g. using bio methane together with CNG or design a “maximum technical scenario” push-
ing even further the penetration e-mobility and/or CNG or implementing e-buses. Espe-
cially for long-term strategies remain an on-going research field and should be reviewed 
regularly (after 2030) in terms of technical developments, new regulations or new eco-
nomic developments. Then the advantages of different technologies not covered within 
this study (for example fuel cells or third generation biofuels) should also be analysed. 

Several important aspects could not be considered within the scope and resources of this 
project. The main ideas and potential research fields are listed below: 

- Analyse and reduce data uncertainties e.g. total mileage, specific fuel consump-
tion (e.g. impact of air conditioning) 

- Develop  an official transport activity forecast model for Cyprus 
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- Develop alternative scenarios (maximum technical potential, non-technical 
measures, other alternative fuels, e.g. hydrogen) 

- In depth analysis of the development of biofuels and the cost/feasibility of intro-
ducing ETBE. 

- Investigate the impact that future interactions between power production, energy 
storage and electricity distribution would have on energy efficiency and costs, im-
pacting transport energy costs.  

For the economic analysis several uncertainties and open issues must be highlighted, e.g.: 

 Incremental vehicle costs are representing new cars, while today almost 50% of 
car registrations in Cyprus are second-hand cars. Hence, the costs for Cyprus might 
be lower and lead to level up in net cash flow before 2050. 

 Energy price forecasts for oil, gas and electricity in this study were chosen in line 
with the recommendations from MECIT to be consistent with other official scenar-
ios within the project. The impact of other price forecasts on the results could be 
analysed in a sensitivity analyses within a follow up study. 

 Costs for GHG-reduction were not considered in the study due to the uncertainty 
linked with the projection of CO2 prices. Such analyses might be part of a follow up 
study. 
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8 ANNEXES 

8.1 Annex II Details on European and international poli-
cies 

 

1. Norms of the Directive of Alternative Fuels 

The norms mentioned in Figure 9 the context of the DAFI are detailed below: 

o Alternating current (AC) for normal or high power recharging points for electric 
vehicles shall be equipped, for interoperability purposes, at least with socket out-
lets or vehicle connectors of Type 2 as described in standard EN 62196-2.   

o Direct current (DC) high power recharging points for electric vehicles shall be 
equipped at least with connectors of the combined charging system ‘Combo 2’ as 
described in standard EN 62196-3.  

o Shore-side electricity supply for seagoing ships, including the design, installation 
and testing of the systems, shall comply with the technical specifications of the 
IEC/ISO/IEEE 80005-1 standard 

These norms are valid for any refurbishment or new infrastructure from 18 November 
2017 onwards. 

In parallel some norms are still under development: refuelling points for LNG at ports as 
well as LNG and CNG for motor vehicles. The following norms are expected to be devel-
oped in the next years:  

o “Natural Gas fuelling stations -- LNG stations for fuelling vehicles” (ISO/DIS 16924) 
o “Natural gas fuelling stations – CNG Stations for fuelling vehicles (ISO/DIS 16923)   

“Guidelines for systems and installations for supply of LNG as fuel to ships” (ISO/DTS 

18683) 

2. List of biodiesel in Annex of the draft  of the Renewable Energy Directive II 

Annex Part A  
• Algae if cultivated on land in ponds or photobioreactors.  

• Biomass  fraction  of  mixed  municipal  waste,  but  not  separated  household  

waste  subject to recycling targets  

• Bio-waste  from  private  households subject to separate collection 

• Biomass  fraction  of  industrial  waste  not fit  for  use  in  the  food  or  feed  

chain,  including  material  from  retail  and  wholesale  and  the  agro-food  
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and  fish  and  aquaculture industry, and excluding feedstocks listed in part B 

of this Annex. 

• Straw              

• Animal manure and sewage sludge.  

• Palm oil mill effluent and empty palm fruit bunches.  

• Tal oil and all oil pitch.  

• Crude glycerine 

• Bagasse 

• Grape marcs and wine lees 

• Nut shells 

• Husks 

• Cobs cleaned of kernels of corn. 

• Biomass fraction of wastes and residues from forestry and forest-based indus-

tries, i.e.  bark,  branches… 

• Other non-food cellulosic material as defined in point (s) of the second para-

graph of Article 2.  

• Other ligno-cellulosic material as defined in point (r) of the second paragraph 

of Article 2 except saw logs and veneer logs 

Part B 
• Used cooking oil (UCO) 

•  Animal fats classified as categories 1 and 2 in accordance with Regulation 

(EC)  No 1069/2009  

 

8.2 Annex III: TREMOD and calculation methodology 

8.2.1 Methodology 

In the bottom-up calculation process the emissions are calculated on the basis of the 
transport activities per vehicle and road category. Main input parameters are fleet compo-
sition, mileage (km per year), specific fuel consumption (MJ/km) and emission factors 
(g/km). Basically the calculation methodology can be described in three sub modules 

The fleet module includes a data set of the vehicle population per year and differentiates 
between:       

 Vehicle category (passenger car, light commercial vehicle, heavy duty vehicle, …) 

 Size class (small car, medium car, large car, …) 

 Fuel type (petrol, diesel, LPG, petrol hybrid, …) 

 Registration year and emission standard (< Euro 1, Euro 1, Euro 2, …) 

In scenario analysis vehicle population are calculated by using the current population from 
statistics (e.g. 2015), future new registrations per vehicle category, size class and fuel type 
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and specific survival functions. The latter indicate after how many years a certain percent-
age a new vehicles is scrapped or deregistrated. Each vehicle layer (category, size class, 
fuel type and age) has functions that give weighting of stock share and a specific mileage 
relation, e.g. diesel cars drive more than petrol cars, new cars more than old cars, etc.  

The mileage module needs the total annual mileage per vehicle category as input. Further 
parameters include the mileage share per 

 road category (highway, rural, urban) 

 traffic situation 

 road gradient 

The mileage and fleet modules enable to derive an annual mileage at a high differentiation 
level e.g. Passenger car → Petrol_small → Euro 4 (2007) → urban → 50 km/h free flow → 
+/- 2%. 

The emission module uses this information to generate representative final fuel consump-
tion and emission factors. Input data on the specific fuel consumption for the fleet, taking 
the parameters of the mileage module into account e.g. traffic situation, are provided by 
the HBEFA (Handbook Emission Factors for Road Transport), a database for emission fac-
tors which is developed and maintained by INFRAS Bern and funded by different EU mem-
ber states [INFRAS, 2014]. 

The current version HBEFA 3.2 does not provide future fuel efficiency trends, also it does 
not focus on alternative fuel vehicles, i.e. electric and plug in electric vehicles. TREMOD 
uses additional data analysis based on the literature e.g. [JEC, 2013], and further assump-
tions to derive mileage behavior and emission factors for these technologies in scenarios 
(see [ifeu, 2014] for further information on methodology). 

8.2.2 Uncertainties for the input data 

The more complex assumptions and modifications for specific mileage and fuel consump-
tions shall be further explained. Lacking robust statistical data, we assume that specific 
mileage per fuel type, size and age is similar for Cypriot and Germany (e.g. medium Petrol 
cars drive ~10,000 km/year). However, for diesel cars we adapted lower average specific 
mileage based on COPERT (~15,000 instead 20,000 km) considering this is a German phe-
nomenon. 

Calculating fuel consumption requires complex input data and has several uncertainties. 
Most emission models, including TREMOD and COPERT, consider the vehicle population, 
the driving behaviour (e.g. speed, acceleration), and other parameters (ambient tempera-
ture, road gradient, …). We found that using the same activity data (fleet, mileage), the 
average fuel consumption of passenger cars in COPERT is around 20% higher than in 
TREMOD. This may have several reasons, e.g.: 

 Different vehicle characteristics (aerodynamics, gear, engine control, software, …) re-
sulting from individual car models 

 Different driving behaviour, e.g. average speed 

 Different road characteristics, e.g. road gradient 

 Different use of auxiliary systems, e.g. air condition 
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Indeed, some factors will differ from Cyprus to Germany (e.g. road slope, air condition) 
why using TREMOD default data has uncertainties. However, analysing those factors in 
detail would go beyond the scope of this study, so we just adjust the default fuel con-
sumption factors by +20%. This way, total fuel consumption from the calculation shows 
good correlation to total fuel sales which is a common method for calibration (Top-Down 
approach). To be compatible with official energy balance data from MECIT, all given results 
in the scenarios were calibrated based on the difference in 2014 (e.g. final consumption of 
Petrol was increased by 5%, etc. –refer to Table 43 ). 

Table 43: Comparison of calculated fuel demand and energy balance data for road transport 2014 

Fuel Energy balance Calculation TREMOD Difference 

 Petrol  15.065 TJ 14.303 TJ -5% 

 Diesel  10.333 TJ 10.110 TJ -2% 

Source energy balance: [MECIT, 2016] 

 

Further uncertainties can remain due to inaccurate numbers for vehicle kilometres. We 
only identified these numbers from the COPERT model and TRACCS. So despite being more 
consistent to this data set, the uncertainties with this correction have to be kept in mind. 

8.2.3 Lifetime of the vehicles for fleet projections 

For the scrapping functions for the fleet projections in TREMOD we generated statistical 
functions from deregistration percentages in the years 2005-2010 of the TRACCS data set. 
An exemplary function for a medium petrol car for Cyprus and Germany Figure 53 shows 
the high share of “used new registrations” in Cyprus. For example: after ten years, ~90% of 
new cars in Germany are still registered (~10% are scrapped or sold to abroad); in Cyprus, 
after 10 years ~210% or more than double the number compared to originally new cars 
are registered because of additional used cars entering the fleet. 



ifeu  Penetration of alternative fuels in Cyprus road and maritime sectors  128 
 

 

Source: ifeu calculation, registration data by [Emisia, 2013; KBA, n.d.] 
Figure 53: “Scrapping function” for a medium petrol passenger car in Cyprus compared to Germany 
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8.2.4 Share of new registrations per vehicle category 

Table 44: Assumed share in new registrations for the scenarios from 2020-2050 

   Scenario A (Reference) Scenario B Scenario C 
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2020 99.9% 0% 0.05% 95.0% 0% 0.1% 97% 0% 3% 

2030 99.9% 0% 0.05% 85.0% 10% 5.0% 70% 10% 20% 

2040 99.9% 0% 0.05% 60.0% 20% 20.0% 50% 10% 40% 

2050 99.9% 0% 0.05% 30.0% 30% 40.0% 30% 10% 60% 

LC
V

 

2020 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2030 100% 0% 0% 100% 0% 0.1% 97% 0% 3.0% 

2040 100% 0% 0% 85% 10% 5,0% 70% 10% 20% 

2050 100% 0% 0% 60% 20% 20.0% 50% 10% 40% 

Tr
u

ck
s 

<1
2

 t
 

2020 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2030 100% 0% 0% 100% 0% 0% 97% 0% 3.0% 

2040 100% 0% 0% 90% 10% 0% 70% 10% 20% 

2050 100% 0% 0% 80% 20% 0% 50% 10% 40% 

Tr
u

ck
s 

12
-2

8
 t

 

2020 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2030 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2040 100% 0% 0% 90% 10% 0% 80% 5% 15% 

2050 100% 0% 0% 80% 20% 0% 65% 5% 30% 

Tr
u

ck
s 

>2
8

 t
 

2020 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2030 100% 0% 0% 100% 0% 0% 100% 0% 0% 

2040 100% 0% 0% 90% 10% 0% 80% 5% 15% 

2050 100% 0% 0% 80% 20% 0% 65% 5% 30% 

LPG is considered to have a constant share of 0.1% of new registrations – except scenario C assumes a 
share of 5% LPG in 2020 

8.3 Annex IV: Details on the cost analysis 

Below are details to CNG and e-mobility prices used as input in the economic analysis. 
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Electro mobility 

BEV incremental 
CAPEX 

real 
costs 

2017 2020 2030 2040 2050 Battery 
capacity 

BEV Small €       4.911           3.970           2.530           2.530           2.530                24     

BEV Medium €       7.542           6.130           3.970           3.970           3.970                36     

BEV Big €     13.461         10.990           7.210           7.210           7.210                63     

 

PHEV incremental 

CAPEX 

real 
costs 

2017 2020 2030 2040 2050 Battery 
capacity 

PHEV Small €       3.714           3.502           3.178           3.178           3.178               5,2     

PHEV Medium €       4.328           4.006           3.514           3.514           3.514               8,2     

PHEV Big €       4.919           4.492           3.838           3.838           3.838             10,9     

 

Public stations real 
costs 

2017 2020 2030 2040 2050 

> 3,7 kW 1 charging 
point 

€       3.967           3.700           3.700           3.700           3.700     

11 or 22 kW 2 charg-
ing points 

€       8.789           7.500           7.500           7.500           7.500     

DC 50 kW 1 charg-
ing point 

€     30.380         25.000         25.000         25.000         25.000     

Wall box €          800              766              662              572              501     

 

OPEX Infrastructure pub-
lic stations 

real 
costs 

2017 2020 2030 2040 2050 

>3,7 kW €          758              500              500              500              500     

11 or 22 kW €       1.137              750              750              750              750     

DC 50 kW €       2.274           1.500           1.500           1.500           1.500     

 

CNG 

CNG car incremental 
costs 

real 
costs 

2017 2020 2030 2040 2050 

CNG car Small €         1.329           1.316           1.245           1.135           1.085     

CNG car Medium €         2.201           2.185           2.146           2.065           2.002     

CNG car Big €         2.668           2.692           2.622           2.471           2.335     
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CNG Infrastructure real 
costs 

2017 2020 2030 2040 2050 

Investment cost for CNG 
stations 

€      297.500       297.942       299.417       300.892       302.367     

Investment cost for virtu-
al pipeline - unloading 

terminals 

€        38.500         38.500         38.500         38.500         38.500     

Investment cost for one 
container & trailer 

€      642.000       642.000       642.000       642.000       642.000     

Initial investment for vir-
tual pipeline - site prepa-

ration [€] 

€   1.500.000         

 

Total yearly costs of the scenarios 

Table 45 und Table 46 give yearly CAPEX, OPEX and discounted net cash flow, completing 
Table 6 and Table 7, which are displaying the aggregated results. The numbers in bracket 
are negative ones. 
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Table 45: Yearly CAPEX, OPEX and discounted cash flow Scenario B until 2030 

M€  2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

CAPEX 

 

 

 

Total 0,13 0,09 3,56 8,30 4,28 4,77 5,28 5,87 6,33 7,51 7,44 8,88 9,62 11,41 

biofuel - - - - - - - - - - - - - - 

E-car 0,13 0,09 0,09 3,65 3,90 4,09 4,28 4,53 4,64 4,79 4,96 5,05 5,39 5,81 

CNG - - 3,47 4,65 0,38 0,68 1,00 1,34 1,70 2,72 2,47 3,83 4,22 5,60 

OPEX 

 

 

 

Total (0,00) 2,16 5,09 10,75 10,92 11,03 11,05 11,28 12,39 14,54 16,64 18,64 20,49 22,18 

biofuel - 2,17 5,10 10,80 11,09 11,39 11,69 12,30 13,95 16,88 19,99 23,30 26,82 30,54 

E-car (0,00) (0,00) (0,01) (0,03) (0,08) (0,14) (0,24) (0,37) (0,54) (0,79) (1,10) (1,48) (1,96) (2,52) 

CNG - - - (0,02) (0,09) (0,21) (0,40) (0,66) (1,02) (1,55) (2,26) (3,18) (4,36) (5,85) 

Discounted net 
cash flow 

0,13 2,17 8,02 16,99 13,04 13,05 12,98 13,11 13,78 15,63 16,42 18,07 19,02 20,43 
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Table 46: Yearly CAPEX, OPEX and discounted cash flow Scenario C until 2030 

M€  2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

CAPEX 

 

 

 

 

Total 0,18 0,18 3,65 8,46 6,15 8,38 10,51 12,64 14,71 17,32 18,60 21,39 23,16 25,90 

biofuel - - - - - - - - - - - - - - 

B100 0,06 0,09 0,09 0,06 - - - - - - - - - - 

E-car 0,13 0,09 0,09 3,75 5,77 7,70 9,51 11,30 13,02 14,60 16,12 17,55 18,94 20,30 

CNG - - 3,47 4,65 0,38 0,68 1,00 1,34 1,70 2,72 2,48 3,84 4,22 5,60 

OPEX 

 

 

 

Total (0,11) 9,56 22,64 68,33 66,87 65,15 63,13 60,75 57,96 54,62 50,77 46,53 42,88 12,72 

biofuel - 4,15 10,85 42,63 40,42 38,01 35,39 32,54 29,45 26,13 22,61 19,11 16,72 24,42 

B100 - 5,42 11,81 25,75 26,63 27,54 28,48 29,46 30,46 31,51 32,59 33,70 34,86 - 

E-car (0,11) (0,00) (0,01) (0,03) (0,09) (0,18) (0,34) (0,58) (0,95) (1,48) (2,19) (3,14) (4,38) (5,93) 

 CNG - - - (0,02) (0,09) (0,21) (0,40) (0,65) (1,01) (1,53) (2,24) (3,15) (4,31) (5,77) 

Discounted net 
cash flow 

0,07 9,38 24,35 68,46 62,66 60,73 58,53 56,15 53,51 50,98 47,32 44,58 41,73 23,49 
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